The Chk1 Inhibitor, SRA737, Synergizes with the PARP Inhibitor, Niraparib, to Kill Carcinoma Cells via Multiple Cell Death Pathways Abstract
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Rationale Figure 3. SRA737 and njraparib synergi.ze to kilII HRR proficient mammary and pvarian Figure 5. SR:A737 anc! niraparib combine to enhance ac’.tivation of autophagy rggulatory proteins and i.ncrease the levels of .autophagosomes, resulting lin Model of SRA737 and niraparib-induced tumor cell kiIIing by autophagic
cancer cells. To determine whether the interaction between SRA737 and niraparib was subsequent increase in autolysosomes. The drug combination reduced expression of p62 and LAMPZ2, increased the expression of ATG5, ATG13 and BeclinT, and cell death and apoptosis

| | o | synergistic, colony formation assays were performed using median dose effect analyses enhanced the phosphorylation of ATG13 S318, which is also suggestive of autophagy activation (A). Spiky and BT474 cells were transfected with a plasmid that
- Targeting the DNA damage response (DDR) network Is a promising strategy for the development of new cancer therapies. based on the method of Chou and Tallallay'. For the indicated dose combinations, colony expresses LC3-GFP-RFP (B). Acid-sensitive GFP and acid-insensitive RFP allows visualization of authophagic flux that involves the transition from autophagosome
. Checkpoint kinase 1 (Chk1) is a key regulator of the cellular response to replication stress (RS), stabilizing stalled formation was inhibited between 25% and 82% relative to untreated controls. In mammary (neutral pH, GFP punctae visible) to autolysosome (acidic pH, only RFP punctae visible). SRA737, niraparib and, to a greater extent, the drug combination, - N
replication forks, abrogating new origin firing, temporarily arresting the cell cycle, and fostering DNA repair, including (SUM149 [BRCAT-A11] and BT474 [BRCA2 (wt/S3094*))) or ovarian (Spiky [(+/-) for both enhanced autophagosome levels as demonstrated by increased cellular GFP+ punctae. At the earliest time point (4 h), there was minimal drug-stimulated increase & Al
homologous recombination repair (HRR) BRCAT and BRCAZ2] and SKOV3 [wt for both BRCAT and BRCAZ2]) lines, SRA737 synergized In autolysosome levels; however, by 8 h after drug exposure the levels of autophagosomes had declined and the levels of RFP+ punctae in the cells, indicative of
| with niraparib to kill tumor cells as indicated by combination index scores of less than 0.7. autolysosome formation, had increased suggesting that autophagic flux was occurring. | |
- The potent, highly selective, orally bioavailable small molecule inhibitor of Chk1, SRA737, Is being investigated In D O ©
clinical trials. | — mroRC
| | | | o | | A B Pre-ag;c;)upcrmgrjgssomal Autophagosome Autolysosome e ©_| Q _"( X )'
» PARPI - a distinct class of DDR inhibitors targeting poly(ADP-ribose) polymerase (PARP) - are approved for the treatment . . . — Autophagic
_ , , o R Combination Index ranges in four cell lines P \, ) cell death
of ovarian and breast cancers; however, tumors with functional HRR are less sensitive to these agents, thereby limiting . | - : : T
, o L Tumor Type Breast Ovarian Spiky Veh SRA737  Nir . LC-3 | |
thelr Cllﬂlcal Utl'lty Pre-a:::)upcl]cigrl:ssomal Autophagosome Autolysosome
. . L . . . . Cell Line SUM149 BT474 Spik SKOV3 HAMPZ .... Vesicle pH 3 ' |
. Several reports have described the synergistic combination of Chk1i and PARPI, even in HRR proficient contexts; o : } : Eamm,
however, the mechanism of anti-tumor activity has not been well defined. i .... . :
. o . . . _ . . . _ ULK1 complex >
+ We explored the efficacy and mechanism of cytotoxicity of SRA737 in combination with the PARPI, niraparib, in HRR conistic ATes .... ‘
proficient ovarian and breast tumor cell lines. e .... 5 . Spiky s . BT474 R ‘ EID
: : : - . . , , o ° mm SRA737 (0.25 pM)
» These findings support the potential therapeutic utility of PARPI in HRR proficient tumors when combined with SRA737. . . | 3o oATG1 .... 2 5 S 5 s b Poccin 1 YA
S318 -g 4 - ..g 4 mm SRA737 + nirapari R l G_j
Dose Combination Beclin1 ... . E‘ 37 E‘ 37 seepese
Figure 1. Rationale for Potential Synergy Between SRA737 + PARPI f@gg; i additivity © 2 © 2 secin 1 %m
O 4h & _ & | /\ JO\
» Chk1's role regulating replication stress and HRR faclilitates several potential SRA737 + PARPI therapeutic scenarios via ‘chemical synthetic lethality’, g igg ;333 ?, :, T 1' I ?% ,1, I_I aaill 1' I J (DN caspa @ —> B0
the synergistic, contemporaneous inhibition of both Chk1 and PARP. ® 6003000 [T § T % --------------------------------------- 0.7----- # p < 0.05 greater than vehicle control = ' ' ' ' < ' ' ' ' }
| | | | | | | ) | | | ® 3800 4000 o *p < 0.05 less than vehicle control Apoptosis
» Consequently, SRA737 combination therapy with PARPI may (i) deepen responses in HRR deficient tumors; (ii) overcome resistance following PARPI- ® Moo 0 o 4h 8h 4h 8h i |
therapy or (i) expand therapeutic utility into HRR proficient tumor indications. ° s o Syneray
@
_ . - _ A = Figure 6. Cell death induced by the SRA737 and niraparib combination involves DNA damage signaling and a functional autophagy pathway. Tumor cells were
HRR Deficient Post-PARPI Resistant HRR Proficient . . . . . . L .
‘Deepen Responses’ ‘Overcome Resistance’ ‘Expand Indications’ | 0 transfected with a scrambled control siRNA (siSCR) or with siIRNA molecules to knock down the expression of the proteins indicated. At 24 h after transfection, ]
acton range 0.47-0.82 0.50-0.80 0.47-0.81 0.25-0.34 cells were treated with vehicle control or the two drugs in combination (250 nM SRA737 and 2.0 uM niraparib). After 24 h, cells were isolated and cell viability Conclusions
pe - P pe o ' pe o R determined by a live/dead assay. Knock down of ATM, AMPKa, ULKT, ATG5 and BeclinT resulted in reduced killing by SRA737 combined with niraparib, suggesting
_"“-W‘m B » _"*W'm o w _'"”'W‘m = w autophagy-dependent cell death may represent a mechanism of cytotoxicity for this DDR combination. | | |
Bfeaks ForkStabiiy & strand breaks Bleaks " ForkStabiity & strand breaks S Breaks " Fork Stabitty & strand breaks : Chelckp.omt kinase 1 (ChkT) IS a key regulator.of t.he cellular res ponse to
— it replication stress (RS), stabilizing stalled replication forks, abrogating new
100- BT474 100- Spik | origin firing, temporarily arresting the cell cycle, and fostering DNA repair,
lreversmn y == Vehicle ' . y . . y .
9 _ _ _ o | £ w- £ = SRATS7 + niraparib including homologous recombination repair (HRR). The potent, selective oral
9 Figure 4. SRA737, niraparib, and the combination, activate a DNA damage response . : Chk1 inhibitor, SRA737, is being investigated in clinical trials (NCT02797964
1 1 1 1 1 that correlates with the activation of AMPKa and the inactivation of mTOR. Treatment 0 : and NCT02797977)
PaiP chi D — D cricl of BT474 cells with 250 nM SRA737, 2.0 uM niraparib, or the combination, enhanced the g - g - |
i phosphorylation of H2AX (yH2AX) and of ATM within 4 h of treatment, indicating induction S 2 J J I S - J J - Other DDR inhibitors targeting poly(ADP-ribose) polymerase (PARPI) are
BRaespeaIiErx(césEti:)n Replicatic;g(nl_llzggk Stability BRaes;aliErx(c:ésEig;w Replicatic;(n:é);k Stability BRaespeaIiErx(césEti:)n Replicatic;g(nl_llzlg;{k Stability Of DNA double Strand breaks and activation Of DDR Signaling. Concurrent Changes iﬂ o . _T. J o . _& -] I approved fOr the treatment Of Ovarian aﬂd breaS_ Caﬂcers, hOwever, tumOrS
L ) phOSphOry|ation Of m—l—OR (I’eduoed 82448 aﬂd 8248—') aﬂd AMPK (increased -l——l 72) aﬂd siSCR  siATM siBeclin1 siATG5 siULK1 siAMPK siSCR  siATM siBeclin1 siATG5 siULK1 siAMPK W|th functlonal HRR are |eSS Sensmve tO the|r ef:eCtS’ thereby ||m|t|ng the
their downstream target ULKT (reduced S757, increased S317) suggest an induction of clinical potential of these agents.

: : : . . - : | autophagy. - - | o
Figure 2. SRA737 a|:d niraparib demonst.rate additive to synergistic cell k||||ng.of.mammary and ovarian cancer cells. Mammary (BT474; BRCA] Figure 7. Cell death induced by the SRA737 and niraparib combination involves both intrinsic and extrinsic apoptotic pathways. SRA737 (250 nM), niraparib - In short-term cell viability assays, the combination of SRA737 and niraparib in
vv.t,fRC;\.Zl[+/Sio<_?.4.]) cl)lr ovahr.|an (tolvoAR, wt for.both fg(;{i;:;df%%@, anpl Sp|k{), (§+é—) 1|:c/|)r botE BRCAé.and. BRC:\? c;ancer celfls vv62re m;uﬁated (2.0 uM), and the drug combination, reduced the expression of anti-apoptotic proteins BCL-XL and MCL-T in Spiky and BT474 cell lines. The drugs also enhanced HRR proficient ovarian and breast tumor cell lines elicited enhanced tumor cell
with venicle and clinically-achievable concentrations o (250 nM), niraparib (2.0 uM) or the combination of both agents for 12 or 24 h. expression of the cytotoxic BH3 domain protein BIM (A). Tumor cells were transfected with a scrambled control siRNA (siSCR) or with siRNA directed against death d to eith t 9 ith evid f cell death |
- ot ¢ onch ; elow the e 16 values to fagilitate the determination of combinational additivity and . R eath compared to either agent alone, with evidence of cell death as early as

ONCENrations of eath coMpountd Were bEIOW INEINTESPECTIVE Tl VAIUES 10 TaClitate the determination ot combihational additivity ant synergy. e SRATT N e Yen SPATT N i the indicated proteins. Knock down of CD95, FADD, AIF, BAX, BAK, BAD and BIM all reduced drug combination lethality (B). Conversely, over-expression of anti- 12 h after exposure to drug. Combination indices determined from colony
The pgrcentage of dgad pells Was determmeq by floorgspence using calcein-AM and dl—eth|Q|um bromide or manually counted for trypan blue VH2AX . . apoptotic proteins partially rescued combination-induced cell death (C). These results suggest that both intrinsic and extrinsic apoptotic pathways contribute to formina assavs indicated hiahlv svneraistic activit (CI <0 7) which were
exclusion. The combination of SRA737 and niraparib elicited greater tumor cell death than either agent alone, as early as 12 h after exposure to drug. SRA737 and niraparib-induced killing g y | =5 gnly y g y | 1)

s .-.. .--- | observed employing clinically achievable concentrations of each agent.
12h 24 h P-ATM et d B O A B C - Quantitative iImmunofluorescence studies indicated an induction of DNA
- double strand breaks, activation of DDR signaling, induction of autoph d
. Seiky  ven SRATS7  Nir ST ven gparey N SPATST . Spiky o Spiky Oo e.S ran reg S, dC |ya Ioﬂ O S|g.na I.ﬂg, m uction or autopnagy, an
o o : : : : activation of extrinsic and intrinsic apoptotic signaling.
- . = . EE # - ANEEEEEE - P - - -
§ w0 5 s oo e .--. -.. = = - Collectively these results argue that autophagic cell death, as well as apoptotic
3 60- 3 60 5 = SRAT37 + niraparit P LK . . o o pathways, contribute to SRA737 and niraparib-induced tumor cell killing. The
o o @ & 40 - g 40- : : : :
® ® 2 o 5 5 involvement of mult|p|.e cell death mechanisms may decrease the potential of
2 I I I 3 : L .-.- .-. 8 1 X J J 8 tumors to develop resistance to these agents.
8 3 3 5 U s S A A 0- , S o , -
0 —gém - °__{TA74 —géAR - mTOR ...- --- U SIERRR STADD AT STBA SBAX sBAD Sl e R A - These findings support further clinical investigation of SRA737 in combination
* * * * * * o i SRA7.37 o i SRA7.37 . ' . ' . '
Pmror .--- .-.- BT474  Veh SRATS7  Nir T \g"  Veh  SRATS7  Nir T . —— . ama with PARPI, such as niraparib, in HRR proficient cancers.
o _ - TOR - . E. 5 w0 + A multicenter Phase 1b/2 study designed to assess the safety, tolerability,
g w0 § e . e bl 5 e S & pharmacokinetics, and preliminary antitumor activity of SRA737 in combination
3 e0- 3 e0- & S757 ..-. ...- | 5w S w0 with niraparib is being planned in subjects with metastatic castration-resistant
2’ 40- E’ 40- > — e ”0. J J - prostate cancer (MCRPC).
El ol Tl BN O B o B P
o 0. i_- o 0 | # b < 0.05 greater than vehicle control. * p < 0.05 less than vehicle control 4 h S h siSCR siCD95 siFADD siAlIF siBAK siBAX siBAD siBIM CMV  c-FLIP-s BCL-XL dnC9

|
BT474 OVCAR Spiky BT474 OVCAR Spiky
# p < 0.05 greater than vehicle control; * p < 0.05 less than vehicle control mE Vehicle = SRA737 + niraparib

References:

1. Chou, T. C., and Talalay, P. Quantitative analysis of dose-effect relationships: the combined effects of multiple drugs or enzyme inhibitors. Advances in Enzyme Regulation, 22, 27—55. (1984). For more information, email info@sierraoncology.com or visit www.sierraoncology.com




