Development of bifunctional CRBN-SOS1 degraders for treatment of mutant KRAS cancers
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BACKGROUND BTX-B01 & BTX-D02 are rapid and potent degraders of SOS1 SOS1 degraders exhibit antiproliferative activity /n vitro and in xenograft models

« SOS1 is a GEF which converts SOS1 degraders exhibit low nM DC;,and >85% D,,,, in mutant KRAS cell lines SOS1 degraders demonstrate CRBN-dependent SOS1 degraders display SOS1-dependent BTX-B01 effectively degrades SOS1 and inhibits tumor growth in KRAS G12C xenograft models:
‘ : : MIA PaCa-2 (KRAS G12C, PDAC) functional activity functional activity NCI-H358 & MIA PaCa-2
B2y .. Inactive GDP-loaded RAS H358 3D Proliferation MIA PaCa-2 3D Proliferation

R SEE | MIA PaCa-2 DC,, and D, of BTX-BO1 and BTX-D02 o o

-o- Parental: BTX-B01

DMSO

— 10000

proteins into the active GITP-

m e~ Parental: BTX-B01 2000 | 120-
1 - SOS1 o, : o 1007 ‘= CRBN KO: BTX-BOL o 1007 % V5 . cos1KO BTXEOL —~ Tel -e Vehicle 3 =3 Tumor PD 2 mg/kg (BID)
PN oaded RAS." SOS1 acts as the —— e vt - e
P . — — — — — | SOS2 & Z  god CRBN KO: BTX-D02 Z 604 SOS1 KO: BTX-D02 Ole o - : S 5 6000 O
5051 —— primary GEF for KRAS. Actin S 75- MIA S . ol S . o vl 3|3 1o L. T BI0GSMGIGBID.PO B2 g X Tumor PK 10 mg/kg (BID)
D ey sy w— N N = = = > 07 ek >~ N - —_
s k. TP o KRAS is mutated in ~30% of all === g 5 paCa-2 2nM,96%  0.5nM,96% S 4. e S - S D15 5 " g7 - g
~ = - £ _ o)
ACt|Ve . . . . . = BTX-D02 o ) T T T T T 1 T T T T T 1 00 0 . . - - . - el . ... . . .o o
m RAS-ON —- . cancer Wlth heavy |mp||cat|ons In S0S1 0 NCI-H358 /nM, 87% 2nM, 92% @0& Q&& & & " Y parental 8nM 2nM Q&& Q&& & & T Y parental nM nM g 0 10 20 30 2 8 24 2 8 24
’ MEK ® | | | d . —_——— 0.0001 O. 001 0. 01 10 (G12C) S S e Time (days) Time (hours)
J ung, colore Ctal an Pan CreatiC sos2 Compound (uM) LoVo Compound (uM) CRBNKO  90nM 452nM Compound (uM) SOS1KO >2000nM  >2000nM (_l) BTX-BO1 BTX-BO1 BTX-BO1
Inactive P ) -~ SOS1:BTX-B01 4 SOS1: BTX-D02 10nM, 97% 4nM, 97% i — : i i — i Vehicle 2mg/kg  10mg/kg Vehicle 2mg/kg  10mg/kg Vehicle 2mg/kg 10mg/kg
nace mTOR K, — CaNCers. e = SOS2 BTX.B0L = Sos2 BTxDoz (G 13D) SOS1 degraders display lower SOS1 degraders exhibit antiproliferative activities across various 2 T RN ¥ ¥ sos1
. VD Ty Gy Wy Wy Ch—"y —" —"y W—" G—="" . .  —E—— —_— = — — = o T S S S —
\ L e IC:, values compared to ligands KRAS, RTK, and NF1 mutant cell lines 2h 8h —=——24h =
P70 EEQ Wh | |e mutant a | |e | €5 Of KRAS can Immunoblots of cells treated with SOS1 degraders for 24 hrs 50 P g oy BD1’ ! - e e g g gy e e o e N —————— P SRR (YR TR
63K ' le)d - : 10000- W BTX-
® Sh I'Ft the equl | | br' um to favor the Known SOS1-complex interactors (EGFR, SHP2, GRB2, KRAS) were not affected with SOS1 degraders == BTX-D02
\' / 14! . . . . ) ) 1000 4 EEEEREENNEERENEEREENEEER 1200 I Vehid 120- 10000
— GTP-loaded state, it's been SOS1 degraders achieve maximum degradation at 2 (BTX-D02) or 4 (BTX-B01) hours IC5, values in 3D Proliferation 3 o~ e Vehide o B3 Tumor PD 2 mglkg (BID)
s rpéS ” MIA | NI = 100- E 1000 . % BTX-BO12mgkgBD,IP 22190 -8000 o Tumor PK 2 mg/kg (BID)
\L S h own th at mutant KR AS B TX.EOT S TX.DO2 ] 120- ~e- 50nM BTX-BO1 m Ec, %) E 800 2?/ -4~ BTX-B01 10mg/kg BID, IP § % 80- | 6000 3 B Tumor PD 10 mg/kg (BID)
. . | | d d 1hr 2hr 4hr 6hr 1hr 2hr 4hr 6hr £ 100 -=- 200nM BTX-BO1 BTX. & < % 600 -+ BI-3406 50mg/kg, BID, PO & § 60— p: Tumor PK 10 mg/kg (BID)
S 80 & 50nM BTX-D02 = - 9 N =
Tu.mor Fell growth and p roteins st e pe N on - E s E 5 E 3 E . s E 3 E s E 3 E 2 ] 2ognM oo 501 24nM 10 E >8 400~ B 4 4000 3
proliferation from aberrant . S 8 & ¢ & o § g8 ¢ £ ¢ &8 ¢ & s & g ¢ = | E Ll o 2 E 2 000 €
aivatonof kRas ~ UPStream nucleotide exchange o B 501 | F L
for activation.35 i == Pl el fgand  T40M 43 280 1400M R N e e e RIS g TR T IR A
. — T s e e — — || G G GEN G iy Gy ey o ey | Actin 0 o T a e g%ga'ggfEEfqgEﬁdégmgdégﬁggggqﬂ%39gg§5;§;g<§ & Time (days) Time (hours)
SOS1's role in GTP-loading of RAS protei I as its ability t Doz M M oM 14nw 3329332872 83 52259555 9% 97823 2 <
¢ S role In -10adin g O p roteins as we asS ITS aDlll y O o o . o <= zz" 3 Z < zZz 0z z =z — Vehicle 2mg/kg 10mg/kg Vehicle 2mg/kg 10mg/kg Vehicle 2mg/kg 10mg/kg
Resynthesis is slow and requires >24hrs to reach half-life = —— =
Y . . : . . G12A . o Sad -~ oy oy g SOS1
mitigate upstream MAPK pathway reactivation highlights its DOZ " ppm 240M 390M 83nM | GE] e — " o (BB e b A, 0| | e j
= 100- ||gand é g:}%\s" . - . |
. . . . BTX-B0O1 BTX-D02 E 4 ] . = e N— — —— s s g g, —p— o, po— — s gy gy | \[inculin
potential as an attractive therapeutic target to treat KRAS-driven S T e e Ie T o 1o ;o . - O W | || s e ety
. ] 6 g S $2 &3 ¥z 0§ $2 S §3 ; 60 Egﬁ%g;m; | Xenograft efficacy data is presented as average + SEM
cancers Irres p c Ctlve Of m Uta nt d | | c | es. SOS1 % :Z: E:E%:&E%Eé; = || e Immunoblots of xenograft tumors treated with BTX-BO1 for 28 days PK & PD analysis in NCI-H358 tumor bearing Balb/c nude mice: 28 days IP BID
0-

MIA
PaCa-2

* Thus, we sought out to develop SOS1 bifunctional degraders for
single agent and combination approaches for mutant KRAS

Actin

SOS1 degraders synergize with EGFR-RAS-MAPK inhibitors /n vitro and in xenograft models

cancers. —
SOS1 degradation is dependent on CRBN, BTX-B01 and BTX-D02 synergize with KRAS G12C inhibitor, AMG510 BTX-B01 and BTX-D02 synergize with MEK inhibitor, Trametinib
M ETH O DS bi nd i NC Site ChM::g?llg ChMax F°||g
50 ange
CRBN competition rescues SOS1 degradation Mutations in |igand-binding site prevent SOS1 Growth Inhibition Bliss Synergy Loewe Synergy BTX-B01 BTX-D02 “BTx- BTX- Growth Inhibition Bliss Synergy Loewe Synergy BTX-B01 BTX-D02 BTX- BT):D

Bliss Loewe Bliss Loewe B01 D02 Bliss Loewe Bliss Loewe B01 D02

g

Trametinip ————» 1207

)
g

 PRODEGY plattorm was utilized to develop a series of CRBN- com 200nM  SonM  200mM degradation ndicSI0 # ) R
. . BTX- BTX- BTX- BTX- X > 8- aCa- >, St Vi, "o aCa-
based SOS1 degraders which resulted in BTX-B01 and BTX- owso _BoT BT Doz _boz_ FLAG-SO51 FLAG-5051 \FLAGs0ST 2 1 5 MIA PaCa-2 - “,\ N
DOZ . || — SOS1 801 Doz 201 D02 501 D02 l S g H23 l 5 a % H23
. . < « -'_E s s s s o 1 10 100 £ Y H 10 100 %
 Western Blots under adherent cell culture conditions (2D) were Eg S i 0 kil P P2 : EEEEEEEEEEEN o m— — . e Qs of EEE e — — e Sl swesr
. . 5 3 % 3 I 38 8 BRI S5 B K BR S : DI T 5 g - r T timeen v soamonen
Used to dete rmine SOS1 deg radat|on (DRC, CRBN' and CC-220: CRBN-based molecular glue, degrades lkaros & Aiolos @ — v ¢ e e Y e p—p—— =) a o e % H2030 E @+ 250 BTX-B01 = SW1573
. ™ < mAMG51O ::: 14 < mTrametinib—b bl E
Proteasomal-dependence) and active RAS levels. . Proteasomal inhibition rescues SOS1 degradation ~ Z - b e o oo Do Do Lo L] RS ] = <wa7 =2 e ] -
 Western Blots under ultra-low attachment cell culture conditions BTX-BO1 BTX-D02 Z || e s s s vy ey Sy S Sy iy g G Gy S G o w— | Actin % %2 o S [ 2L 5\}\.\\ E
. . . ol e . < < o 20 = 3 5. L
(3D) were used to determine SOS1 degradation and inhibition of o 8 § o 8 § o & 8 o l e | ST l | T LoV
- - s o 3 5 g 2 £ ¢ 3 2 125 = 50nM BTX801 BT S B . o oo e}l g
downstream signaling markers (pERK and pSé). 3 5 5 5 5 5 & 5 5 < 100 ; 1 = 200w sTxs01 o Z - SOMNIG = saelEens T o o o s ”  o¥mison & <ouw e M
« Knockout cell lines were generated via nucleofection of Cas9- SE == == sosj1 éz = 20087002 Boxes indicate most synergistic area (MSA) 0 5 10 15 20 0 5 10 15 Boxes indicate most synergistic area (MSA) S 0 10 200 0 10 20
gRNA Complexes o | =—=— ) A s 25 Values represent most gynergistic area (MSA) Values represent most gynergistic area (MSA)
. 3D roliferation 255aVS were erformed to measure functional MG132: Proteasomal inhibitor  MLN4924: Neddylation inhibitor O re oS00t PLAGTSOSL PLAG SOSL Scores > 10 indicate high levels of synergy Scores > 10 indicate high levels of synergy
P . >>aY X Immunoblots of cells treated with SOS1 degraders for 6 brs SOS1 degraders synergize with KRAS G12D inhibitor, MRTX1133, & EGFR inhibitor, Afatinib BTX-BO1 with AMG510 or Trametinib results in better efficacy in MIA PaCa-2 xenograft model
aCt|V|ty US|ng Ce”Tlte r—G|O 3D assay. GrowthInhibition  Bliss Synergy  Loewe Synergy Max Fold
+ Vehicle, BTX-BO1, AMG510 and Trametinib d in femal inhibi ‘anali - Change Cy xMIA Pata-2 xMIA Pata-2
enic el - / an rametini were use In remale BTX‘BO1 & BTX‘D02 |nh|b|t dOWhStl‘eam RAS'MAPK Slg nallng 3:;' :E - BI?TX-II-E'.M B?TX'FOZ BBB)‘(I %13; 2000+ o Vehicle 1000+ o Vehicle
BALB/ C nude Mice Xxeno raft mode|s. I ; ] ' | = BTX-B01 10mg/kg BID, IP { ‘= BTX-BO1 10mg/kg BID, IP
SOS1 degradation reduces active MRAS levels o) s - AMGS510 10mg/kg BID, PO 10 & Trametinib 0.125mgikg BID, PO
Input GST-RAF Pulldown 200~ & | o T T 15004 ¥ BTX-BO1 + AMG510 ¥ BTX-BO1 + Trametinib
5 S o . ? = DMSO 5 il T < A % TGl *
3 58 G 3 53 B3 5 &8 b3 5 1507 EKE?); } 1m m 0 10 20 E;,: 7.% % o007 s 701
« BTX-BO1 and BTX-D02 exhibit <10nM DC., values SOST | SOST| s M M |KRAS KRAs-GTP 2 | e ] e o s = Max Fold 5 1000 40% TG 5
. . . . . . e _ S 43% TGl S p—
degradation with max degradation reaching >85% in several 3|| ——— |PERK| - — - | HRAS HRAS-GTP | Growthinnibiion . Blss Synergy - Loewe Synergy BTXBO1  BTXD02 o s 5 400~ e
Mmutant KRAS Ce” |ines in |eSS than 6 hourS. % — e |ERK | i s s |NRAS '_ | 3. NRAS-GTP E\E N | | [ g!E Bliss Loewe Bliss Loewe B01 D02 e o e
e Co-treatment of SOS1 bifunctional degraders with CRBN —— |t | e —— |MRAS| - . |MRASGTP ‘S ‘o o em | Ve FEees — m— S ~
competitors or proteasomal inhibitors rescue SOS1 degradation Immunoblots of cells treated with SOST degraders for 24 hrs |- g . | | | ; | | |
showcasing their dependence on CRBN and the oroteasome. SOS1 degraders reduces pERK and pSé levels more potently than their respective ligands T[ qm ﬁ l 0 10 e oy 20 30 0 10 e e, 20 30
. o BTX-BO1 (nM) 9 BTX-D02 (nM) v
« BTX-BO1 and BTX-D02 downregulate active RAS (KRAS, HRAS, 2 08 4 20 100 50 3 08 4 20 100 500 St oo -::-_ s v 10 0 4 8 Data is presen verage + SEM
and MRAS) levels and downstream signaling markers, pERK and S = — = — 05" (G12C) (G13D) Scores> 10 indicate high levels of syneroy
A -~ = s S S SRR S| o ER K Protein BTX- BTX- BTX- BTX- BTX- BTX- ° ° °
ps6. o P | I R — ———— — B01 D02 BO1 D02  BOT D02 Conclusions & Future Directions
« SOS1 bifunctional degraders inhibit cell proliferation in multiple & e SOS1  09nM  02nM  9aM 120M 9nM 6nM
. . < || - . D - . S D ey e emmp ey pS6 . . . . . . . . . . .
KRAS mutant (G12A, G12C, G12V, G12S, G13D) cell lines with = 3 PERK  1nM  07nM  6nM  12nM  31nM 26nM -These preclinical data demonstrate the potential for SOS1 degraders as a promising modality for targeting SOS1 alone and in combination with other
<150nM IC;, values and synergizes with KRAS G12C (AMG510) Sy — p— $235/ 4nM 4nM 230M 44nM 220M 9nM RAS-MAPK pathway inhibitors. SOS1 exhibits a long half-life (>24hrs) which makes it an ideal target protein to develop degraders against. SOS1 degraders
and G12D (MRTX1133) inhibition as well as MEK (Trametinib) and mmunoblots of cells reated with SOS1 degraders for 24 bre 5236 display greater potency over inhibitors in in vitro assays, which can be seen with some other bifunctional degraders.
EGFR (Afatinib) inhibition. . . o . . .
.( . ) S L . o -Our program is currently in lead optimization with efforts to develop potent, orally bioavailable SOS1 degraders.
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