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Abstract Ao Number of patients B gt LMWE O s A RP6306 B C As expected, RP-6306 significantly reduced CDK1 pT14 in both high and low
Positive - tm:wh B Contrel ~OWUM. O&SM -, I L LMW-E PDXs, suggesting RP-6306 successfully reached its target (Figure 4G-
p=0.02 ? mon - ). Increased DNA damage was only observed in LMW-E high PDX BCX070
(Figure 4G and J), but not LMW-E negative PDX XC5172013 (Figure 4G and

as 3 60
K). Consistently, proliferation maker Ki67 was only inhibited by RP-6306 in

Cyclin E, is post-translationally modified by neutrophil elastase mediated
proteolytic cleavage to generate the low molecular weight isoforms of cyclin E
(LMW-E) that are detected in various human cancers. We previously reported
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that 70% of triple negative breast cancers (TNBC) examined overexpress § | = @ T 3 SR T e EH N ‘ ) | | LMW-E high PDX BCX070 (Figure 4G and L), but not in LMW-E negative PDX
LMW-E, and these patients have a poor prognosis. Expression of LMW-E C Pathological response ) Pathological response EM 1L ] Vo S e XCo172015 (Figure 4G and M),
promotes genomic instability by causing DNA replication stress. PKMYT1, 1 I %"’"‘ o e v B x F'“Bm _ o
prevents premature mitotic entry by catalyzing CDK1 phosphorylation at gzo_ B Cycin E o $ D PI A | B —_ Nuclear + Cytoplasm
T14, essential for preventing DNA damage and cell death when cyclin E, g | cenenen T 2 Orn e eeo T MB231 MB157 g o Romson o (N10) , g w =011
including LMW-E, is overexpressed. In this study, we tested the hypothesis B0 — g B Cycin E high pCDK1(T14) low p=0005 Conto Treated fontm' L = ~ RPG306 20mghkg (N=14) CyclinE (254 : jz
. ) ) 5 Em Cyclin E high pCDK1(T14) high A= o~ e s ¢ s
that LMW-E positive status can be used as a biomarker of response in & 2 izl B’ R ’ <9 5 \}\‘\"}_;f dee f g Z1000- £
selecting TNBC patients who are likely to respond to RP-6306, a first in- " complete_partlitable S \f;?;{’;”én _‘12;‘!’:? AESG MR : - oot [ R
. NG . ¢ Sl ﬂ//f,};} i ; 3 2 3 I p<00001  (T14) WEEPUISEEE = RPG300 ;émgftg (=10
class and selective inhibitor of PKMYT1 kinase. Figure 1 A. The number TNBC patients grouped by the IHC status CDK1 pT14 and : il ) ) 5 4] M J Wiy D = Nyt
€ 200 3% p<0o00t 3
_ _ . LMW-E. B. Representative IHC images of panel A. C. LMW-E was correlated with lack of = 0: s = gf "
Assessment of pre-treatment breast biopsies from TNBC patients (n=36) complete clinical response in TNBC. D. Positive status of LMW-E and CDK1 pT14 _ . AN Bsae:) DA 0 4 8 12 16 20 24 aHoAX [ g, P s
enrolled in a neoadjuvant chemotherapy prospective study for LMW-E and significantly predicts worse clinical response in TNBC patients. E 3. = G —m  H o pevsontestmen L
CDK1-pT14 revealed significant positive correlation between these two ) £ f:: | ie _;—I' E BEX070 xcs:172013
proteins. Furthermore, positivity of both biomarkers was associated with lack LMW-E and CDK1 pT14 correlate with a 5, P ©og ns : T2 o vene v . Ve, U FEeans
. . - g ns ) %10 - m . . 5
of pathologlc complete response (pCR) to neoadjuvant ghemotherapy. We lack of response in TNBC 2 | ;? _ﬂ_ s §900- e 20make S
next examined the mechanism of response to RP-6306 in vitro and in vivo _ . _ RPG306 -+ - * T % Tobs o 6 oos o3 s o 1 ok ox 3 6001 wrt=0.0009
using TNBC cell lines, patient-derived xenograft (PDX) models and We analyzed a cohort of 36 TNBC patients treatgd with neo-adjuvant T e306 — WB 157 e ETe w0
transgenic mouse mammary tumor virus (MMTV) models expressing human chemotherapy at MDACC and found that LMW-E is co-overexpressed | J o ] e Y S el
. : . . i = i - i >0 o - . 0 3 6 9 12 15 18 21 24
LMW-E (hLMW-E). In vitro results using 7 different TNBC cell lines, revealed with CDK1 pT14 (p=0.02, Figure 1A). Both LMW-E (Figure 1B, 1C) gat "™ . Days on trestment
that high LMW-E levels are significantly predictive of response to RP-6306 and CDK1 pT14 (data not shown) alone were significantly correlated 55 ] . F 72013
(R2=0.78, p= 0.008), while LMW-E knockdown resulted in a 7X increase in with a lack of pathological complete response (pCR, p=0.0067 for %‘520- : 1200 = RS 2omgn )
IC50 values of RP-6306 (p>0.001). In high LMW-E cells, treatment with RP- CDK1 pT14, and p=0.0393 for LMW-E). Patients with high levels of ! 5 o b ,,' —
6306 resulted in significant (i) accumulation of sub-G1 and polyploid cell both LMW-E and CDK1 pT14 experience a Iack.of PCR to peoadjuvant Y "R PR VY Py g oo D ens 513-;’,«2‘?9 H R
population, (ii) apoptosis, (iii) accumulation of chromosomal breakage, (iv) chemotherapy (p=0.005, Figure 1D). We predict that patients whose RPE306 (D 5 ¥ e
increased DNA damage and (v) premature mitotic entry. Treatment of both tumors have high levels of LMW-E and CDK1pT14 are likely to Figure 3A. RP-6306 treatment caused increased accumulation of sub-G1 and S A A e N

breast cancer PDX models and hLMW-E transgenic tumors with RP-6306 respond to a PKMYT1 inhibitor. polyploid cell populations in LMW-E high TNBC cell line MDA-MB-157 but not LMW-E Days on treatment

) . . ) i low TNBC cell line MDA-MB-231. B. Quantitation of cell cycle distributions of panel A. H l J K L M
revealed that only in animals with high LMW-E tumors, treatment results in A S . B c . C. RP-6306 treatment caused increased apoptosis (Annexin V/PI staining) in MDA- BOXUTOpCOKI  XCB172013p-CDKI BCX070 yHzAX xcstraotayny  BCXOTOKIET XCS172013 Ki6?
significant decrease in tumor volume. However, RP-6306 was ineffective in 3 58 § 28 05 — g | Reormz MB-157 but not MDA-MB-231. D. Metaphase spread analysis for chromosomal S5 sapot g0 o eepoo0z 70, EEPIO00T gy o
reducing tumor volume in low cyclin E in vivo models. Immunohistochemical =023 04 | g 108 ' aberrations in MDA-MB-157 and MDA-MB-231 with or without RP-6306 treatment. E. g6 T g T ; w |+ e j 0]

. . . . } . CyclinE""".'.-_ g E S Quantitation of chromosomal breakages in panel D. F. DNA damage analysis for g5y ggso- | <60 = o g, [+ o & |
analysis .revealed that in vivo efﬂcac_:y .Of RP 6306 (in both PDX and A g - £ 05 \ yH2AX and 53BP1 foci by IF in MDA-MB-157 and MDA-MB-231 with or without RP- ‘i‘gw- Lt 201 | 40 S s S
transgenic models) was concomitant with increase in y-H2AX and decrease EOE— 5 > 6306 treatment. G and H. Quantitation of yH2AX (panel G) and 53BP1(panel H) foci in IR | 2, . m 50
in CDK1-pT14 and Ki67. PO DK o 00— panel F. I. IF analysis for EdU and Cyclin B pS126 in MDA-MB-157 and MDA-MB-231 =y == ol ol L el L a0l Ll
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Collectivel it h that . f LMW-E d CDK1- w:; _:::__- ® & o Z;V;Ts?r: \g:::(e)lur RP-6306 treatment. J. Quantitation of EdU and Cyclin B pS126 positive Figure 4 A. RP-6306 treatmept in .FVB mice withl trqn§planted mice mammary tumors collected
oliectively, our results snow that overexpression 0O an D 2 3 E HCC1806 from MMTV-LMW-E transgenic mice. RP-6306 inhibited tumor growth in a dose dependent
pT14 in TNBC can be used to stratify patients whose tumors are likely to COKl|m = = b e - Lfeg §§_ggg‘_g§ SO _ manner. B. Representative IHC images for cyclin E (LMW-E), CDK1 pT14 and yH2AX in end-of-
respond to RP-6306. Mechanistically, LMW-E overexpressing TNBC cells e DL —— 85382%25582388282 PRy LMW-E regulates the effect of RP-6306 in treatment tumors collected in panel A. C and D. Quantitation of the ratio of cells with positive IHC
; ; ; ; - it pCDK1 (T14) =| e uemmesma .- _— Cyclin E » W staining for CDK1 pT14 (panel C) and yH2AX (panel D) in tumor slides shown in panel B. E and
?Ctgatetcgﬁl\ éln vitro ang n VI;’O). o accelerate premature mitotic entry, Cyclin Bl..—~....... Pesrson: — Y;:Kz _..- breast cancer cells F. Tumor measurement following RP-6306 treatment in nude mice with transplanted PDX
eading 1o amage and apoplosis. Cyciin Al pamapaeee| CoL T »coxz In LMW-E low TNBC cell line MDA-MB-231 and LMW-E high TNBC cell | [BSX070 (LMW-E high, panel E) or PDX XC5172013 (LMW-E low, panel F). G. Representative
0.4 T e : ) Y ; IHC images for CDK1 pT14, yH2AX and Ki67 in end-of-treatment tumors collected in panel E
RD (e L et " Wee'l | e line MDA-MB-157, we observed different cellular characteristics in |} |ang F. H - M. Quantitation of the ratio of cells with positive IHC staining for CDK1 pT14 (panel H
. PRD @ @» e s T Myt1 [ o - response to PKMYT1 inhibition. RP-6306 treatment caused increased and 1), yH2AX (panel J and K), and Ki67 (panel L and M) in tumor slides shown in panel G.
I“thd“Ct'O“ (o12]¢/| PR —— 3" COK1 | S — accumulation of sub-G1 and polyploid cell populations in MDA-MB-157
ST p— i Dok vre, IR but not MDA-MB-231 (Figure 3 A and B). MDA-MB-157 also showed -
Cyclin E, a regulatory subunit of CDK2, plays a critical role in the initiation of VinCulin [e—— 0.- R Vinculin [ higher apoptosis (Figure 3C). and accumulati_on of chromosomal COHCIUS|OHS
DNA synthesis at the G1/S stage and mediates the entry and progression of Figure 2 A. Western blot analysis (;:7 aj;fe:“;nt iNBC col lines for the expression of Ibr;erijigfeljors::ennt traer?;;igt l]l:it:g %iiSogam(géiur?narizrs azﬂowizj. Our results reveal that LMW-E and PKMYT1-mediated-CDK1 pT14 expression
cells |n.to S phase'. In cells with amplified cyclin E gene, synjthetlc Iethgl Cyclin E(LMW_E) and key cell cycle proteins. B. RP-6306 IC50s in cell lines shown in increased DNA damage marker yH2AX and 53BP1 in MDA-MB-157 but are asso.czlated Wl_th worse clinical outcomes in TN!BC p.at@n_t? who were
screening shows strong dependency on PKMYT1, a CDK1 inhibitory protein panel A. Cell lines with high LMW-E (MDA-MB-157 and HCC1806) showed ¢ MDA-MB-231 cells (Fi 3E-H)- and mitoli ker Cvclin B 0S126 treated with neoadjuvant chemotherapy. In TNBC cell lines, inhibiting PKMYT1
kinase that predominantly phosphorylates the threonine-14 on CDK12. significantly lower IC50s of RP-6306. C. High LMW-E levels are significantly no c-j o MDZeIVTB( 1|5g7ure I ) ),'t?]n Dr[:],la\o ' r?artgr ye mk pEdU with first-in-class small molecule inhibitor RP-6306 reduced cell viability in an
pr:ediCtive o r|e Sponze " RP_6306 (Ezzo't?& S otessions - Sdunlgrga(srgogflgs\(l)aluel}zs :zgirs:t?r?g plrre]mature- mit;tic en(’irey ?ndVL\J”ced by RPrggCl)%a(;giguga;I 2rnd J) | LMW-E dependent manner. Treatment of LMW-E high tumor cells with RP-
. . : . . showing correlation between indicated protein expressions an - s. E. - . : : _ : :
LMIE f 2 iuncated soform of oyoin £ that i ound it cals and || Esibihman ot - GO s i o s i 121506 o
ISSues but not adjacent normal tissues'. -E overexpression Induces (high endogenous LMW-E). F. Downregulation of LMW-E in HCC1806 cells = -
increased genomic instability, replication stress tolerance and increased significantly increased RP-6306 IC50. RP-6306 shows selective response in LMW-E damage. In TNBC in vivo models such as MMTV-LMW-E driven mammary
DNA damage repair, which are associated with LMW-E driven breast ) ) high In vivo models tumors, and LMW-E high PDX models, RP-6306 selectively induced DNA
tumors3. In this study, we initially observed positive correlation among LMW- LMW-E predicts response to protein To determine the effect of PKMYT1 inhibitor in LMW.E o damage and reduced tumor growth. Collectively, our results show that
E, CDK1 pT14 and clinical response following neo-adjuvant chemotherapy kinase PKMYT1 inhibitor RP-6306 ﬂ? erermine del © fetc); © { n ,'[ 1tor 'In ted L-Mv?lvgrgxpressmn N1 overexpression of LMW-E and CDK1-pT14 in TNBC can be used to
in TNBC patients treated with neoadjuvant chemotherapy and hypothesized € In vivo models ot breast cancer, we _rangp ap < e fiven mouse stratify patients whose tumors are likely to respond to RP-6306.
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that LMW-E may predict response to the PKMYT1 inhibitor (RP-6306). To investigate the role of LMW-E in the cellular response to PKMYT1 mammary tumors from LMW-E transgenic mice into FVB mice and treated
We tested this hypothesis by targeting the PKMYT1 kinase with RP- inhibitor RP-6306, we analyzed the IC50 values of RP-6306 in seven | them with PKMYT1 inhibitor RP-6306 (10mg/kg or 20mg/kg) or vehicle Acknowledaement
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