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BH-30236 Potently Inhibited FLT3-ITD and Resistant Mutations

BH-30236 Overcame Resistance to BCL2 Inhibitor Venetoclax and BH-30236 Effectively Regulated Aberrant Alternative Splicing in Cancers

Aberrant alternative splicing is a newly recognized hallmark of cancer, that has been shown to play a critical role in BH-30236 RITA - - . s
’ . - potently inhibited auto-phosphorylation of FLT3 and downstream targets in MV-4-11 Cells with ) . . } ] ]
tumorigenesis, cancer progression, and therapeutic resistance via multiple mechanisms, including increased FLT3-ITD mutation o Demonstrated Strong Synergy with Venetoclax * BH-30236 dose-dependently modulated alternative splicing with skipped exon as the dominated event
proliferation, decreased apoptosis, enhanced migration and metastatic potential, and induced evasion of immune Gilteritinib (nM) BH-30236 (nM) , . * Gene ontology enrichment analysis indicated that BH-30236 treatment was mainly associated with DNA repair,
surveillance. Serine and arginine-rich splicing factors (SRSFs) are RNA-binding proteins (RBPs) that regulate o oF A8 (O 45 IR * BH-30236 demonstrated equal potency in MOLM-13 parental cells and venetoclax resistance cells DNA damage response, mRNA splicing and processing, and mitotic cell cycle/spindle organization in MOLM-13 Cells
constitutive and alternative splicing. SRSFs are often mutated or overexpressed in cancers, resulting in widespread pFLT3 . “ : MOLM13 Ventoclax Resistant Cell Top 5 GO terms for AS events after BH30236 treatment
alterations in splicing patterns. The CDC-like kinase (CLK) family and dual-specificity tyrosine-regulated kinase (Y589/591) | M : - MOLM13 Parental Cells o (M) entocax Resistant —efis Ceo (AM) e
H H H H ‘4 P ' 50 cellular response to mage stimulus-f =
(DYRK) phosphorylate SRSFs, influencing the assembly of spliceosome machinery, exon recognition, and splicing. pFLT3 (Y591) m lﬂj_ﬂ . " 800000+ + venetoclax 1 05‘;6 600000- . Q\g + venetoclax 3000 Types of Altenative Splice Events Number of signifcant atenative spicing even's P Toponse 1 DA dege A.ep'... = -
Therefore, targeting CLK/DYRK kinases can modulate cancer specific splicing isoforms, opening avenues for new 1 B } 1 . ' Skipped exon (SE) mitotic cell cycle phase transition=J=
T . ’ FLT3 ‘ 4 B g ! 600000 = BH- , i = BH-30236 2.17 | +0000- IOl aplat cyyantiniion
therapeutic interventions. BH-30236 was designed as a novel orally bioavailable, ATP-competitive, macrocyclic I 4 H b ‘ I - t‘ SISIRERIE = 400000- e :8694 = o N SM08502 31.82 (e o™ . e ko ]
inhibitor of CLK with ICs,s of 0.134, 0.165, and 0.446 nM against CLK1, CLK2, and CLK4, respectively in enzymatic pSTATS(v604) M e S8 | [ =  SMO8502 =5 200000- | ESI T Retained nvon () = i T A procing
kinase assays. At clinically relevant concentrations, BH-30236 also inhibited DYRK1A/1B/2, proviral insertion site of PERK “ & o 200000+ \ BT B Atemative 5 spicesie (A5SS) -g 4000 E Elggg :::Am:.d:'.,:::g
Moloney murine leukemia virus kinase 3 (PIM3), and FMS-like tyrosine kinase 3 (FLT3) with ICsys of 0.110, 0.148, 0 0- Alternative 3' splice site (A3SS) 2 20%0- 11 chromatin organization -
0.562, 0.115 and 0.248 nM, respectively. In cancer cells, BH-30236 impaired the phosphorylation of SRSFs, Tau and PS6 (5235/236) W 10 1 2 3 4 5 10123 45 EiConstitiverexon MIE] Atsmatve splicad exon T o toom soow Iy ———— BRI
AEBP1, the direct downstream substrates of CLK, DYRK, and PIM kinases with ICss of 40-60 , ~50, and ~80 nM, BAD(S112)[ % S log conc. (nV) log conc. (V) B Ao ]
respectively. Furthermore, BH-30236 also potently inhibited the FLT3 phosphorylation with an IC;, of 0.16 nM. - | | | proinsbioutieeton-pe
Overall, BH-30236 regulated alternative splicing by primarily inducing skipped exons in favor of anti-tumor MCL-1 | S - - i | Note: Venetoclax s  proxy chemical compound purchased from a commercial source S P T
isoforms, leading to cancer cell death and growth suppression in a broad panel of cancer cell lines and in vivo B-Actin| G qump e S SN D BH-30236 effectivel . : . C ..
’ . - y modulated apoptosis and DNA damage response pathways in MOLM-13 cells e BH-302 B} | | | -
efficacy studies. For example, BH-30236 potently inhibited cell proliferation with an IC;, of 0.98 nM in FLT3-ITD 30236 dose-dependently regulated alternative splicing in MOLM-13 Cells
positive MV-4-11 cells and achieved complete tumor regression in MV-4-11 tumor model, even after stopping Note: Gilteritinib is a proxy chemical compound purchased from a commercial source Differential Gene Expression of Differential Gene Expression of
dosing for 30 days. In MV-4-11 cells, BH-30236 increased pro-apoptosis isoform BCL-xS, downregulated RNA * BH-30236 effectively modulated auto-phosphorylation of FLT3 and downstream signaling in engineered BH-30236 (nM) SM08502(nM) CTX-712 (nM) Percent of 309 Splicing Factors SR Family . BCL2 Family
expression of BCL2, MCL1, and AML stem cell markers CD33 and CD123. In addition, BH-30236 has also Ba/F3 FLT3-ITD D835V and F691L cells S O P S o O 40- Differentially Expressed SRSF1 BcL2
demonstrated good human ADME and preclinical safety profiles. Collectively, the preclinical study results strongly Gilteritinib (nM) BH-30236 (nM) Gilteritinib (nM) BH-30236 (nMM) S > > N > > > :Egiz ciaiz i
su:?girt the clinical-aplplicatiotns o.f this nsveltmuItiI.<ti|r11astehCLI:hinhibi.tor BH-30236 in hematological malignancies and g oM 0 29 AP o o* b 9 P®  q oM 0 ®® P o o} A8 (0 _ _‘ . SReS ) _ s
solid tumors, as a single agent or in combination with other therapies. — SRSF5 ) BAK1 R
FLT3 (Y591 — - - bt e o
|ntroduction p ( )a t! -t H o . = t: . . = XIAP PR — - G o= E SRSF6 , § o 2
- 20... SRSF7 > BCL2L13 o 2
S0 1 | Lohokalll | L B0 CEETLLR L L Lok —a - . R
Pre-mRNA splicing is a complex, highly regulated process involving the removal of introns and the ligation of exons to PSTAT5(Y694) (0 S W » n- — .--- [ ”‘- — MDM4 | = s 0 NI L ] E = S SRSF9 . E‘; BIK 3
produce mature mRNAs for protein translation. More than 94% of human protein-coding genes are alternatively ' o " | - T T 10- SRSF10 8 BMF -
A5 BNIP1
spliced in nearly all human organs, leading to proteome diversity and regulation of cell functions. Dysregulated pre- PERK ".“ .. -— "... p53 ’ bl SRS BNIP3
mRNA splicing has been identified in almost all tumor types. Cancer-associated splicing alterations arise from either 0 SRSF12 2 P 2
au | - | I I RTL10
recurrent mutation in splicing factors or altered expression of trans-acting factors governing splicing catalysis and PS6 (5235/236) m L S -~ MCL-1 - 30 100 300 1222‘; BiM
regulation. This leads to cancer cell proliferation, migration, and metastasis, escaping from cell death, rewiring cell B-Actin | ' ey S S | (e e e G e P A | (S e S e - - BH-30236 Concentration (nM) s = = = soLat
metabolism or cell signaling, promoting an abetting microenvironment, altering immune response or enabling drug cCasp3 &. % S S S 2 z z 3
resistance.! The expression of the key splicing regulator SRSFs is tightly regulated at the post-translational level. The Ba/F3 FLT3-ITD D835V cells Ba/F3 FLT3-ITD F691L cells _ _ - - . - )} i
localization and activity of SRSFs are modulated by a dynamic cycle of phosphorylation/dephosphorylation, mostly at  BH-30236 dose-dependently modulated alternative splicing to favor the apoptosis isoform BCL-xS and BCL-XS |™ S s ) BH'30.2.36 s.upprfessed protein expression of splicing factors via Nonsense-Mediated mRNA Decay (NMD)
serine residues within the RS-domain of SRSF proteins. The phosphorylation of SRSFs is controlled by three main downregulated BCL2, MCL-1 and stem cell markers CD33 and CD123 in MV-4-11 cells by splicing in poison exon (PE) in SRSFs in MOLM-13 Cells
ofe « . . . . _ o . . _ . . _ e e o . _ BH_30236 M
families of ~c-,pllcmg kinases: serine-rich ;-)rotem- kinases (§RPKs), CDC-like kinases (CI._Ks), and dual spe.C|f|C|ty.tyrosme BCLxS/BCL-xL Ratio in MV-4-11 MV-4-11 BCL2, MCLL RNA Expression (24 hr) YH2AX | -l > o (nM)
regulated kinases (DYRKs). The CLK family, which comprises CLK1-4, collaborates with SRPKs at nuclei to adjust the - 150- M BCL2 . o g S §
o - M -
degree of phosphorylation of SR proteins. SRSFs are often upregulated in many cancers. Therefore, inhibition of N : SB:/'(;?)SZC; B vcL1 B-Actin | BN S R i @ srse3| N | c., = ~20 o
CLK/DYRK kinases may be an effective approach to modulate aberrant alternative splicing for cancer therapy. ) %7 %

50— ,
SRSF6 ‘ B-actin gy—--g
* BH-30236 dose-dependently modulated alternative splicing to favor anti-tumor isoforms and —

Fold change
% DMSO

Characterization of BH-30236

o
o
L

- - a BH-30236.in-complexwith CLK2 QO v O & O Q v O 0 ® Q Q O O Q QO O O .
Recombinant Enzymatic Assay” ICso (nM) P } YO @ Y@ VP VP downregulated BCL2, MCL-1 and MDMX in MOLM-13 cells
~ ] BH-30236 (nM i
CLKI CLK2 CLK3 CLK4 DYRKIA DYRKIB  FLT3  PIM3 j SM0802 (nM) BH-30236 (nM) (nM) Total SRSF 3 SRSF3 PE inclusion ik SREES P lncltsion
MV-4-11 CD33 RNA Expression MV-4-11 CD123 RNA Expression (24 hr) BCL-xS/xL 5'SS, BCLAF1 and S6K Exon Skipping Ratio . 1.5- 1.0- " - i .
(ENPEIN 0134 0.165 5.87 0446  0.11 0.148 0248  0.115 5o. B s hour 150- i MOLM-13 Venetoclax Resistant Cells MOLM-13 BCL2, MCL1 and MDMX RNA Expression - - * g5 N 0.8-
.‘7, - w3 1.0
Gy kbl 0205 0.064 1.66 0.518  0.153 NA NA NA o W 24 hour o 4- 150 2 < 1.0- ol # = * ™
2 1001  100- = = 5E 4
2 2 v X b o <T o5 sl * p<0.0001
SULEEPAN 0.097 0262 5.86 0.407  0.078 NA 5.9 623 S S £ 3- <% 5 & DL e 2 °e " o 1 way ANOVA vs DMSO
o - o 7 - o < - Vv -
@ CLK enzymatic activities were determined at Nanosyn, and DYRK, FLT3-ITD and PIMs were determined at Reaction Biology ; 21 = g 02 0.0- 0.0t
b Proxy chemical compound purchased from a commercial source 0- E 1- 0.0 t—y—p—1— O & 2 0o XY
Conc. © VPRSP OWPRP SWRRP WP N v o Q Q O S S ScS FSs &
Compound ID AR E [y (047 (anl)- - - - - M X v 0- s &t BH-30236 Conc. BH-30236 Conc.
- CLK1 CLK2 CLKA SM08502 BH-30236 SM08502 BH-30236 BH-30236 (nM) CP PSS SPPSS OO HSS 0PRSS RSP PSS ORLS BH-30236 Conc. BH-30236 Conc.
BH-30236 0.111 1.387 <0.058 BH-30236 (nM) BH-30236 (nM) . _ _ L P . _ : :
« BH-30236 treatment achieved complete tumor regression in MV-4-11 cell-derived xenograft (CDX) BH-30236 down-regulated FLT3 expression via NMD by splicing in PE in MOLM-13 cells that will avoid
SM08502 <0.058 1.954 <0.058 : : W BCL-xS/xL W ac2 M MDMXEX2-6 the generation of treatment resistance
© LK NanOBRET™ activities were determined at Reaction Biology v I' | olecule: MW 431 45 tumor model without tumor regrowth after cessation of treatment B BCLAFL ex10-12/ex10-11 W MCLL B MDMX Ex6-11
dCrocCyclic small moiecuie: . : .
Bl S6K ex6-8/ex6-7 Total FLT3 FLT3 PE inclusion
2500+
* BH-30236 effectively inhibited the phosphorylation of CLK substrate SRSFs in Kasumi-1 Cells Treafmentfor 50 days e 25k G - A8 b
_ 2o - BH-30236 12.5 mglkg QD - e Vehicle QD * BH-30236 demonstrated strong synergy with selective BCL2 inhibitor venetoclax in MOLM-13 CDX o € __ 20 oad * *
BH-30236 (nM) SM08502 (nMM) CTX-712 (nM) E—moo- b :::zzz:z:r':z;:::;’mw ?zo- =~ BH-30236 6.25 mg/kg QD tumor model in female SCID/Beige mice FLT3 T 2 ::t, i * 0.6 *
Q £ ~o~ SM08502 25 mg/kg QD fm 4 BH-30236 12.5 mg/kg QD ag = | B
9 10 e W\ W 9 A\O e <O W 9 1O "),?) 636 P E  Gilteritinib 10 m 0 18 ~v- BH-30236 25 mg/kg QD _ o _ o _ X 5 o
Q 9 AN 6’1« 1 \0 Q 92 A Q;L \ '\9 Q S o 12 A % 1000 Gleritinlo 10 mofke Q7 ;. 6T —+— BH-30236 25 mg/kg 5ON-20FF Ant|-tum0|; :I(\:Iltgll_tl\)z (:EBCI:;-I?(I))Z;?VI: dc)?glgg\;t;to?uv;:Tr;lenetoclax Body Weight of Mice Bearing MOLM-13 Tumors Treated - Poison exon Coding exon ’ Stop codon gé L * R | 0.001
- E ] o SM08502 25 mg/kg QD i i with BH-30236 and Venetoclax Combination D | ;| " p-value <0.
pSRSF4 (57KD) u - - ~ - ~ H " P 5001 “ 144 ~#+~  Gilteritinib 10 mg/kg QD 2500 = TGl on d14 05 - £ > 05 * 0.2 1-way ANOVA vs DMSO
12 I T T T r I —-— Vehicle QD 0.0- 0.0 T T T T
pSRSF6 (50KD) B W e - aw ) o a o ’ 0 5 10 15 20 25 30 _ s+ Venetoclax 100mok QD 38% % & & 5
0 5 10 15 20 Slf;y o?;lOStugll?/ 40 45 50 55 60 Day of Treatment «E 2000= B:T:OC;Z: );SmpI:I:IIWF 34% 5 o\xfo QQS\QQQSQQQ o\“% 5°§T\Q°i6°§
SRSF1 ) G e 0 ) e | | B A e an | (O e e 0w M ae < 1500 BH-30236 MWF . = 207 _ BH-30236 Conc. BH-30236 Conc.
4 Anti-tumor Activity of BH-30236 in MV-4-11 CDX Tumors - +1500 E ™ +Venetoclax QD 200% > 3 f
- 00 3 . BH-30236 25mpkQW s ¥ .
B-Actin - - - - - - - - - - - - - -_ - - - - o 24 | 300 58 : 1000 = +Venetoclax QD () % . ConcIUSIon
o 2 oz ®) o
€ 1- - +100 3 8 € * 0
§ 3 ] , =@ 5 500 on day 18  BH-30236 is a potent CLK/PIM/FLT3 inhibitor
> < =
. . T = -1 - 50 o> T . .
* BH-30236 modulated the phosphorylation of DYRK downstream effector Tau in SH-SY5Y Cells S 2 ] L 3§| 0 | | | : : : 10 . : . . . . * BH-30236 potently inhibited FLT3-ITD and secondary FLT3-ITD resistant mutations commonly observed
] Q 0 3 6 9 12 15 18 : :
BH-30236 (nM) SMO08502 (nM) CTX-712 (nM) 3"'; :2: : Zi %i 0 3 6 9 12 15 18 Day of Treatment in AML patients
o o <O o o <O 5 5 <O .. e 9§ Days after treatment « Complete tumor regression was observed in MV-4-11 FLT3-ITD CDX tumor model without tumor
QO 22 A0 @79 P QO 22 A0 L7100 AP QO 22 A0 @lLq9° AP 6- - 100 ® recurrence 4 weeks after cessation of BH-30236 treatment
E 1 ' e A% Vehicl BH-30236 BH-30236 BH-30236 BH-30236 SM08502 Gilteritinib - - — O . , , :
;:‘:;)_’ . . u L a B qP - H . . H vy vl ng:e 6.25mpk QD 12.5mpk QD 25mpk QD  25mpk  25mpk QD 1(',,:;:('2;0 : :280 g : * BH-30236 can overcome venetoclax resistance in AML-derived MOLM-13 cells and achieved complete
. . - SON20FF il ) —_ = tumor regression when combined with venetoclax in the highly resistant MOLM-13 CDX tumor model
. 0
-Actin o | s ar S e - - ) 2- - +300 » =
P Lo e o - -!!Q L L 2 GE, 1- _ T T * Anti-tumor activity of BH-30236 can be attributed to its regulation of apoptosis, DNA damage response,
* BH-30236, a dual CLK/FLT3 inhibitor, demonstrated dose-dependent inhibition of tumor growth and S 5 +100 g e 3 4 MRNA _
. . induced complete tumor regression at 25 mg/kg once a day (QD) in MV-4-11 cell xenograft model 5 O 0+ - 0 < 0 anam processing
* BH-30236 suppressed the phosphorylation of PIM downstream effector 4EBP1 in MM1S Cells S P o g . 8/ke _ v(Qb) 5 S>> L 55 . . . . .
BH-30236 (nM) PIM447(nM) * Gilteritinib, a FLT3 inhibitor achieved 79% tumor regression at 10 mg/kg QD in MV-4-11 CDX model S 8 - 0 3 - BH-30236 effectively modulated splicing of BCL2L1, BCLAF1, and RPS6KB1 in favor of apoptosis and
‘ . : : L : -2 - 75 = - i
S O S o O  SMO08502, a CLK inhibitor, achieved 84% tumor regression but also caused significant body weight loss "é S 34 PP 9 § impaired cell growth
O A 2 A9 20 \/QQ 0)00 \/03 0)60 S %00 \/QQ ,,)00 \/QQ at 25 mg/kg QD dosing schedule in MV-4-11 CDX model - o % < e SRSFs and FLT3 are commonly upregulated or mutated in primary AML tumors or as part of secondary
5 - - (o) . . . . .
0-4EBP1 (S65) | ¢ Rp—— - - « After cessation of treatment for 4 weeks, tumor grew back quickly in FLT3 inhibitor gilteritinib-treated 5 L o7 3 £ resistance mechanism, and BH-30236 downregulated the expression of SRSFs and FLT3 via alternative
| mice, however, minimum regrowth were observed in BH-30236 and SM08502 treated mice at 25 6~ L 100 =4 ,% splicing couple to NMD
_ || - — - - mg/kg QD Vehicle Venetoclax BH-30236 BH-30236 MWE BH-30236 QW * Preclinical pharmacology evaluation strongly supports further evaluation of BH-30236 in a planned
B-ACtin | S s e o — ——— — || q— q— — — o * The dual inhibition of CLK/FLT3 may provide deeper response and longer duration of remission in 100mpk QD 25mpk MWF  +Venetoclax QD  +Venetoclax QD Phasel1/1b first-in-human study in relapsed or refractory acute myelogenous leukemia or higher risk
AML patients with FLT3 mutation myelodysplastic syndrome
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