VIP152, a selective CDK9 inhibitor, induces complete regression of high-grade B-cell lymphoma (HGBL) models
and depletion of short-lived oncogenic driver transcripts, MYC and MCL1, with a once weekly schedule
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VIP152 depletes oncogenic short half-life mRNA transcripts, MYC and MCL],
downregulates Myc and Mcl-1 protein levels and activates cell death

The pharmacodynamic effect of VIP152 is detected in the whole blood
(tumor surrogate) of VIP152-treated HGBL patients

INTRODUCTION RESULTS

e High-grade B-cell lymphoma (HGBL), previously known as double-hit lymphoma (DHL), is an

e Quantitative PCR studies confirmed that MYC and MCL1 mRNA levels were decreased with all three e |n blood of VIP152-treated patients, the maximum extent of inhibition for MYC, MCL1, and PCNA

aggressive type of B-cell non-Hodgkin lymphoma. HGBL is refractory to standard of care
chemotherapy and characterized by rearrangements in MYC and BCLZ2 or BCL6, which drive
oncogenic transcription and anti-apoptotic signaling, respectively.

VIP152 is a well-tolerated and clinically active cyclin-dependent kinase 9 (CDK9) inhibitor that led to
complete metabolic remission in 2/7 HGBL patients treated with once weekly (QW) 30 mg
intravenous doses.'?

VIP152 delivers the most robust inhibition of RNA polymerase |l Ser2
phosphorylation for up to 48 hours

RNAseq analysis demonstrated that the two DLBCL cell lines used in this study, SU-DHL-4 and
SU-DHL-10, have comparable MYC transcript levels, despite their genetic differences (MYC gene
amplification vs. MYC mutation, respectively). The levels of MCLI mRNA in SU-DHL-10 cells were
almost twice as high compared with the SU-DHL-4 cells (Fig. 3A).

Figure 3. VIP152 delivers the most robust inhibition of RNA polymerase Il Ser2 phosphorylation for up to 48 hours. (A) The gene

CDK?9 inhibitors initially, however, only atuveciclib and VIP152 were able to drive the depletion of
MYC and MCL1 mRNA transcript levels after treatment washout in the SU-DHL-10 (Fig. 5A) and
SU-DHL-4 cell lines (Fig. 5B).

® |n MYC overexpressing SU-DHL-10 cells, atuveciclib and KB-0742 were able to maintain ~50% depletion of the
MYC and MCL1I mRNA transcripts for 16 hours post treatment, whereas VIP152 inhibited MYC and MCLI mRNA
levels ~75% for 16—48 hours post treatment (Fig. 5A).

® |In MYC-amplified SU-DHL-4 cells, only 1 uM VIP152 was able to drive durable depletion of MYC and MCL1 mRNA
levels over the 48-hour time course (Fig. 5B).
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MRNAs was 88-967%, 56-76%, and /8-92%, respectively. The maximal inhibition of all mMRNAs
occurred within 4 hours of VIP152 treatment (Fig. 7A).

The modeled maximal inhibition of MYC and PCNA mRNA control by VIP152 was 98% and 887%,
respectively, in seven HGBL patients (Fig. 7B), whereas for MCL1, the modeled maximal inhibition
was 72% (Fig. 7B).

. : . : . : ® A 4-hour treatment with 0.25 uM VIP152 in vitro decreased the levels of p-Ser2 by 50% for 48 hours
The carboxy-terminal domain (CTD) serine 2 residue of RNA polymerase Il (p-Ser2) is the direct N the MYC-amplified SU DHLH4 cell line. The extent of b-Ser? 'nh'b't'onp e ea¥ce o'th the highe A
. : . . . . | - | - - ne. X -Ser2 Inhibitl wW r r Wi | r . . : : : MYC MCL1 PCNA
substrate and phosphorylation site of CDK9, allowing transcription elongation and the generation of 1 UM VIP152 doze nd the inhibition was also sustainedeor 48 post hours (Fi J 3B-C) J ® Unlike the other treatments, 1 uM VIP152 delivers sustained Myc and Mcl-1 protein depletion for 200. 200. 200.
MRNA (Fig. 1). H & 9- | 48 hours in the SU-DHL-10 (Fig. 5C) and SU-DHL-4 cell lines (Fig. 5D). <3 cg cg B
‘w © 150 ‘» © 150 ‘w © 150
e Treatment with KB-0742 elicited a 50% decrease of p-Ser2 for 12 hours, which is in alignment with a previous gg g9 g9 /’:
MYC is consequently dependent on CDK9 phosphorylation of p-Ser2, making it the key biomarker report using a MYC-driven AML xenograft mouse model.* e Maximal cPARP induction in SU-DHL-10 cells was observed 24 hours post treatment washout. In S 2 100 § 2 100 § 2 100
for evaluating the mechanism of action of CDK9 inhibitors. . - | A VIP152 and atuveciclib-treated cells, PARP cleavage was 3—5-fold higher at peak in comparison to 5% 5% 5%
J ® Treatment with atuveciclib resulted in a 50% inhibition of p-Ser2 for 16 hours. ] ’ J J P P g ¢ 50 g ¢ 50 g2 50
KB B 0742 (Flg. 5E) ] |‘_U &\O' — Clinical remission & g\‘i — Clinical remission & &\O’ — Clinical remission
Herein, we demonstrate that an ES————— ® |nthe SU-DHL-10 cell line, 1 uM VIP152 was the only treatment able to achieve a 50% reduction of e T e il
in Vi tr O dose Of V| P152, e ...'“"' LLL £ 66660000000000000000000000000000000000000000000000000 ___““““.:..“ p—Se r2 fOI’ 24 hOu I'S treatment (Flg 3D'E) A B Time after start of infusion (hours) Time after start of infusion (hours) Time after start of infusion (hours)
equivalent to once Weekly ” ) A clib and KB-0742 Lb-Ser2 in th h 46 f - MYC mRNA (SU-DHL-10) MCL1 mRNA (SU-DHL-10) MYC mRNA (SU-DHL-4) MCL1 mRNA (SU-DHL-4)
. ap e . ® - -
inhibition of CDK9, induces an S . tuveciclip an control p->erZ In the presence of the treatment compound but not atter washout. §<125 125 B
u . " . né_v 100¢
Oncogenlc ShOCk - I'Ike /\ / A . . _g% 75| :\[/)I'\F/f; 025 M) E 10, A Complete molecular responder E‘ 10 A Complete molecular responder g 10 A Complete molecular responder
disruption of MYC transcription® (3) (po)> oneosenie AiNAseq transcriptome analysis + 0 QU 3 o r—— 3 o —— 3 Crmeme
and other short half-lite mRNA ‘4’@ ) (o) S anersn G gane amt : . s 3 N 4 %
. < ye W MCL1 & = - ~ -% 3 -% O o > -(% A
gene transcrlpts' / SU-DHL-10 B PCNA 0% 0 4 & 1276 20 24 28 32 36 40 44 s I =9 g 0 < Q@ & [
(5) % - (MYC P37T mutation) Time (hours) Time (hours) Time (hours) Time (hours) 5 5 8 . S 01
o anti-apoptosis 3 0 50 100 150 200 250 300 350 400 2 2 2
AtuveCICllb and KB_O742 are l 5 TPM (transcripts per million) C D ; ; ;"
bOth admIHISte I’ed Ol’ally Wh'le B C p-Ser2RNP2 protein (SU-DHL-4) Myc (SU-DHL-10) Mck-1 (SU-DHL-10) Myc (SU-DHL4) Mcl-1 (SU-DHL-4) N 0'010 10 20 30 40 50 - 0'10 10 20 30 40 50 - 0'010 10 20 30 40 50
V|P152 IS Iﬂtl’aveﬂOUS. The SU-DHL-4 0-RPB1 CTD (p-Ser2) RPBA EE s el 401248 12 6 24 48 AR ‘4 8» e T e 0tz a8 2l A * _9 248 A Time (hours) Time (hours) Time (hours)
pharmacodynamic proﬁles of ; Timel] 4 0 1 2 4 8 12 16 24 48 4 0 1 2 4 8 12 16 24 48 é g § V\I::;((:s::)) : ' ' Lo 2?—“‘::-———“ : S SN SN, - e i 2 The bh g e off ¢ VIP152 is d din th hole blood | ) of VIP152 d HGBL
routes of administration are VIP152 (0.25 uM i bl iidEE i e o bl bed b2 B €99 1.0 . | - - | iIgure /. The pharmacodynamic effect o Is detected In the whole blood (tumor surrogate) o -treate
_ _ zom Bl e e efipe i Alvecab (10LM) - T e - o S s s P P e e - - — — > — - bl snteeathn. patients. Whole blood RNA PAXgene® collections were used as a surrogate for tumor tissue to evaluate the pharmacodynamic effect
compared in this study. el vip152 (10 M) | BRdisddbdi iy 22E s 2 et (1) KBOTAZ(1OKM) 9 oy o gy v e ey e o s - g o o - - e Moo b b of VIP152 (30 mg, i.v., QWx3) in seven HGBL patients harboring both MYC and BCL2 copy number variations as detected by local
(2) Shorw$g-li;;CleNAs g Atuveciclib (1.0 M) s+ o b o bl Sl Booed Bl T RO Y Y v | e e §§8 —o . . . . fluorescence in situ hybridization (FISH) analysis of diagnostic tumor samples. (A) A gPCR analysis of longitudinal whole blood
VIP152 treatment enables e ) - / KB-O742 (1.0 M) Sl st bt bt ot et st ) ek B o ) g e o o el e 53 RE | | | samples demonstrates the modulation of MYC, MCL1, and PCNA in HGBL patients (n=7) treated with 30 mg VIP152 given as a
d bl | of : = O T e %0 3 s B g6 A0 Aa A ggg o /\/ . /\ o /\ 30-minute i.v. infusion QW. The patients were categorized based on their clinical response: complete molecular response (green
ura . e control o oncqgenlc Time (hours) gég N | | \\ o vz lines) or clinical remission (black lines). (B) Plots of observed vs. predicted pharmacodynamics of MYC, MCL1, and PCNA mRNA
protein levels without Figure 1. The mechanism of action of the CDK9 inhibitor VIP152. (1) Inhibition of D E 2ot o o o + Aol 1 4 biomarkers. The circles (non-responder) and triangles (complete molecular responder) represent individual observed data from
continuous dosing, resulting in CDK9 phosphorylation site Ser2 at RNA polymerase Il (RNA Pol I1). (2) Reduction of p-Ser2RNP2 protein (SU-DHL-10) ﬂé | + B VIP152-treated HBGL patients, and the lines represent model fit (indirect response model) of pooled data.
' : short half-life mRNAs MYC and MCL1 reqgulated by RNA Pol II and (3) e 20 55 - ST ' i
cancer Cell apOptOSIS aﬂd Myc—dependent genes. (4) Control of oncogenig proteins KAyC and Mcl-1 delivering SU-DHL-10 o-RPB1 CTD (p-Ser2) RPB1 %_"g = 4 0 0'0-4 0 4 8 12 16 20 24 28 32 36 40 44 48 O'n_'4 0 4 8 12 16 20 24 28 32 36 40 44 48 0 4 0 4 8 12 16 20 24 28 32 36 40 44 48
antitumor efficacy (Fig. 1). "oncogenic shock” without daily dosing. (5) Induction of apoptosis markers. Tmef] 4 0 1 2 4 8 12 16 24 48 4 0 1 2 4 8 12 16 24 48 B gg 1.5 7& e o Time (hours) Time (hours)
VIP152 (0.25uM) o8 L L L L - PRy =] ] I ~§§§ 1.0] f'/\ //: vy to 29 =
VIP152 (1.0 uM) o il ik D I e e ;?9 g ¥ \ -* Atuveciclib (1 uM) ° ‘ég 3y CPARP (SU-DHL-10) N L I N
, EO% - KB-0742 (1 uM) Saog 15 o i
Atuveciclib (1.0 M) =% e L LR — | MLl E%é 05, p %%% | % - VIP152(025 M) g€ j
: € 5% 5 .08 R & VIP152 (1 uM B8 T
kporez(royn) P A RS RS EETE S oo e e g% oo 1 I AN < N 110 28
M E H O D S "4 0 4 8 12 16 20 24 28 32 36 40 44 48 835 o5, - KBO742 (1 M) §78 > + versz 0zt
Time (hours) g %) EJ-_‘IQ E 2] - Atuveciclib (1 uM) . . . . .
I £° o bl e Compared with KB-0/742 and atuveciclib at equimolar concentrations, VIP152

e The pharmacodynamic (PD) extent and duration of CDK9 pathway inhibition in vitro was evaluated

with human diffuse large B-cell lymphoma (DLBCL) cell lines SU-DHL-4 and SU-DHL-10, harboring
MYC amplification and MYC overexpression with P57T mutation, respectively.

e C(ells were treated with three CDK9 inhibitors VIP152, atuveciclib, and KB-0742 using a 4-hour pulse and washout
time course (Fig. 2).

e VIP152-induced differential gene expression was analyzed by RNAseq, and short half-life gene transcripts MYC
and MCL1 were confirmed by gPCR (Discovery Life Science).

e PD biomarkers including p-Ser2 RNA polymerase II, Myc, Mcl-1, and cleaved PARP (cPARP) were assessed by
Western blot, quantified by near-infrared Western blot detection with background correction of fluorescence
intensity using Odyssey Imaging System (LI-COR Biosciences).

® The antitumor efficacy of VIP152 was evaluated in the SU-DHL-10 in vivo xenograft mouse model.

expression of MYC, MCL1, and PCNA as determined by RNAseq. Western blots of phosphorylated Ser2 RNA Pol Il (p-RPB1 CTD) and
quantification of p-Ser2RNP2 (phosphorylated Ser2 RNA Pol Il) protein levels in (B-C) SU-DHL-4 and (D-E) SU-DHL-10 cells. For
quantification, the protein levels were normalized to HSP9O0, expressed as a ratio to DMSO at matched timepoints.

VIP152 treatment confers a robust shift in transcriptional activity in MYC+
lymphoma cell lines

e According to principal component analysis (PCA), the transcriptional profiles of VIP152 at both doses

resembled atuveciclib treatment, whereas the transcriptional profile of KB-0/742 was closer in
variability to the DMSO treatment in SU-DHL-4 (Fig. 4A) and SU-DHL-10 cell lines (Fig. 4B).

® Since CDK9 reqgulates RNA polymerase |l transcription elongation, most differentially expressed

genes with any CDK9 inhibitor were decreased as seen in volcano plots for SU-DHL-4 (Fig. 4C) and
SU-DHL-10 (Fig. 4D) cell lines.
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Figure 5. VIP152 depletes oncogenic short half-life mRNA transcripts, MYC and MCL1, downregulates Myc and Mcl-1 protein
levels and activates cell death. MYC and MCL1 mRNA levels were determined in (A) SU-DHL-10 and (B) SU-DHL-4 cells using gPCR.
The protein levels of Myc and Mcl-1 were quantified in (C) SU-DHL-10 and (D) SU-DHL-4 cells by near-infrared Western blot
detection and background corrected quantification of fluorescence intensity. The inset (lower left corner) shows Myc protein levels
in SU-DHL-10 cells until 8 hours post treatment. (E) The protein levels of cPARP were quantified in SU-DHL-10 cells. For
quantification, the protein levels were normalized to GAPDH or HSP9O0, expressed as a ratio to DMSO at matched timepoints.

VIP152 treatment results in complete regression of MYC overexpressing
SU-DHL-10 lymphoma growth in vivo

e A dose-dependent antitumor efficacy was observed in the SU-DHL-10 xenograft model, resulting in
tumor growth control at 10 mg/kg VIP152 and tumor regressions at 15 mg/kg VIP152 during the
3-week treatment period (Fig. 6A-B). All treatments were well tolerated.

demonstrated more potent and durable downregulation of p-Ser2 RNA polymerase |l
(50% reduction for 24-48 hours) and depletion of short half-life MYC and MCLI1
transcript levels up to 48 hours.

VIP152 treatment conferred a shift in transcriptional program, supporting an
oncogenic shock mechanism of action, and sustained robust reduction and near
clearance of Myc and Mcl-1 proteins in MYC expressing lymphoma cell lines.

Once weekly VIP152 treatment showed antitumor efficacy as demonstrated by
dose-dependent tumor regression and tumor-outgrowth control in the SU-DHL-10
xenograft model.

The pharmacodynamic effect demonstrated in the blood of HGBL patients treated
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Figure 4. VIP152 treatment confers a robust shift in transcriptional activity in MYC+ lymphoma cell lines. (A-B) PCA of SU-DHL-4
and SU-DHL-10 cell lines. Each timepoint is plotted and lines are drawn to connect treatment conditions to compare the variability
by treatment. (C-D) Volcano plots plotting the log, fold-change and the negative of the log,, of the adjusted p-value. Both log,
fold-change and adjusted p-value are reported by DESeg2.> Red or green points corresponding to genes identified as significantly
differentially expressed (p-adjusted<0.001) indicate decreased or increased expression, respectively.

Figure 6. VIP152 treatment results in complete regression of MYC overexpressing SU-DHL-10 lymphoma growth in vivo. (A)
Growth curves and (B) tumor volumes of SU-DHL-10 tumors treated with either vehicle (30-60% PEG400, 10% ethanol (EtOH) water
for infusion) or VIP152 at 10 mg/kg or 15 mg/kg (QW, i.v., n=12/group) for 3 weeks. On days 16 and 20, the T/C (treatment/control)
ratios for 10 mg/kg and 15 mg/kg VIP152 were 0.19 and 0.005, respectively. Arrows indicate dosing days. Statistics were performed
using unpaired t-test in comparison with the corresponding vehicle treatment: **, p=0.011; ***, p<0.001.
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