First-in-class non-carbohydrate inhibitors of sialic acid-binding immunomodulatory-type
lectin-7 (Siglec-7) discovered from genetically encoded bicyclic peptide libraries
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Sialic acid-binding immunoglobulin-type lectins (Siglecs) are a class of Fig. 1a Fig. 2a

: C ey : : : : C e . C : ’ Round 1 Round 2 Round 3 Round 4 /~O-N=
Immunoinhibitory cell signaling proteins with significant implications in cancer. \ + > T gf gf gf gf
Hypersialiation of cancer cells activates Siglecs, and this activation * Sveptaviin b {g
suppresses the immune recognition of these hyper-sialylated cells and ! Siglec.7-Fe

promotes cancer-cell survival.? Although Siglecs' natural substrates are (BSA for control

T
Modify

on beads

. . . . . . . . . ialec-7-Biotin lhlgh binding plate
gangliosides (a class primarily composed of glycoprotein with terminal sialic Y (eshior conta g ‘ ..- U °-.- °-: Wl s
R1: DE R2 DE R3: DE R4: DE onbeads seleeton " % x " % B o

acid residues), Siglec proteins have a low affinity for these substrates.®’

. .. . . . . 535 Sequences selected | bead washl bead washl l bead washl l bead washl l
Hence, high-affinity inhibitors are a highly desirable focus of research. ‘.J acid wash | cideiion| | scdoion | | acdoition ||
[Te] [Te] TE) [7F] 7] [7E]
: . . . . N o . . . " Siglec-7-Fc Control l l l |
Using genetically encoded libraries, we identified a group of bicyclic peptides - . —— S — eS|
. _ . . i . . 'DE()TP5° oy Y bead binders Ul B
with a strong affinity for Siglec-7 and Siglec-9. Specifically, we used bicyclic ﬁ v s o elminated | |
. . . . . . . t| [c c = - : analvsis analveis DE analysis
genetically encoded libraries modified by two-fold symmetric linkers (BiGEL2) T g / g T sequerce S e wne e :
to screen against these two targets, employing next-generation sequencing s EN ;a/ I ! o 535 cen
(NGS) anaIySiS for hlt nomination. e ‘/‘;:7 """"""" Toesn=3 /// Binders identified in GS2 [Binders identified in R1-4 Focused library created |
o /‘, SHCAAYDQMC (p1) SDCPWQSKTC (p18) l l Ty p—
- - - - ; - - - — -+ SRCTGFHDIC (p2) SICPDGSNDC (p19) | B | | TF | T
N v K ° Inputﬂ()CPM) SSCEQDVEYC (p3) SQCSMNYDYC (p20)
(1) Macal.”ey, M S, CrOCker, P R, PaU|Son, J C SigleC'Mediated ReglJIation Of Immune Ce” Legend:‘ phage populations [ ] NGS data DE analysis R i, input of round n; R t or R c, output of round n from target (t) or 232;32;?;2 EE?; iiigiiiizz :E;;; Fig 2b Percentage phage recovery vs Sig-7
Function in Disease. Nat Rev Immunol 2014, 14 (10), 653-666. https://doi.org/10.1038/nri3737. S o T e Mo " T T | | et
(2) Rodrigues, E.; Macauley, M. Hypersialylation in Cancer: Modulation of Inflammation and . E— ccrea 10 |aevsoame e | |E- Giminate heacomders g | P
TherapGUtiC Opportunities' Cancers (Basel) 2018’ 10 (6)’ 207. Flg 1b SYCHDTAGRC (211) SECTLENYNC SGCIIEGMQC (p14) I-Z?r:g:t;nv?giiﬂ?cc:)g?erzrgeads §O-OO3
httpS//dOIOf'g/1 O3390/CanCel’S1 0060207 SXCNO(?NI:Ibrary @ SFCHYPTHVC (p12) SMCLQGREAC SDCRNFISAC (p15) o -\gti:gpo)’:'latvisciiigrfcc(;zjtzgoggads é 0.002
(3) Dobie, C.; Skropeta, D. Insights into the Role of Sialylation in Cancer Progression and Depletion ‘. \ _>‘ \ bind_ ‘ 4\ cound 4 S . eremngie EE?; o -Vagne Protaioa g on g
Metastasis. Br J Cancer 2021, 124 (1), 76-90. httpS//dOIOrg/101038/841416-020-01126-7 P:R. ” 1r " v& SQCEHENGNC SICGNFQINC SYCELAHMWC ° -?\:;I):;it;?i?esinA-&G- J . ]
SDCEYGVFAC SSCQDAFDKC coated beads with Sig-7-Fc 0.000
(4) Adams, O. J.; Stanczak, M. A.; von Gunten, S.; Laubli, H. Targeting Sialic Acid—Siglec .im Fuie : g L aminground
Interactions to Reverse Immune Suppression in Cancer. Glycobiology 2017. es PeR
https://doi.org/10.1093/glycob/cwx108. " NGs data NG;T“ ) | U.S. Provisional Patent Application Serial No. 63/421,007
) _ o _ _ _ _ . Round 3 amplfied Round 4 modifed Title: SIGLEC-7 Inhibitors and Compositions and Methods Relating to Same
(5) Pearce, O. M. T.; Laubli, H. Sialic Acids in Cancer Biology and Immunity. Glycobiology 2016, oNGS data IR [ " Filed: October 31, 2022
26 (2), 111-128. https://doi.org/10.1093/glycob/cwv097.
e e S e v S s R, G oo FIBUFS 1. ) A lw chatof e sequencing and panning resulsfor Figure 2:A) The averalworklow of e panning experiments tha
2019. 48 (22) 5458—5505.};ﬂtps://doi.%rgmO.1039/C8CSOO768C. PIoTS: Siglec-7 including DE analysis of Round 3 panning against led to the 27 nominated binding sequences against Siglec-7. The
o siglec-7-fc and its control counterparts B) Visual representation targets are the result of panning against the TSL6_SxC6C library for
(7) Downey, A. M.; Cairo, C. W. a-Bromophosphonate Analogs of Glucose-6-Phosphate Are _ _ f d It f bet Siql 7_F d Sial 7_bioti
Inhibitors of Glucose-6-Phosphatase. Carbohydr Res 2013, 381, 123—132. of a round 3 panning and steps involved. ourrounds aiternating between oigiec /7-Fc and siglec-/-biotin.
https://doi.org/10.1016/j.carres.2013.08.003. B) Percentage of the phage recovered after each panning round.

*NGS = next-generation sequencing

Fig. 3a Ky (uM) ICqy (M) Fig. 4a "
i i i iv p12 PRIMARY LEAD IC b SECONDARY LEAD IC
50 2 50
p1 SHCAAYDQMC 155 — S— - K, =1.7 uM Sequence linker (MM) Sequence linker (uM)
p2 SRCTGFHDIC 2850 — N/F -—-- © 80 - 8a SWCRPATVNC-NH, TSL6 3.8 HNO/ 12a SFCHYPTHVC-NH, TSL6 11
p3 SSCEQDVFYC 3.0 2.6 11 | >1000| :: §§§§PP§TT;]1\I?§ _ll\\lll:lz Igll__; ;g %N N\)L 9 11§b SACHYPTHVC_I\IIIHI_I2 12::2 11010
RPDOEIC N/F/15  ---—- N/F —- %) 40 - —NM, H C SFCAYPTHVC- >
gg :ggEIAgERg 17 7 30 26 %, 8d SWCAPATVNC-NH, TSL6 >100 O/k 12d SFCHAPTHVC—NHE TSL6 9.5
06 SECTMEGTVC N/F N/E N/F h 0- 8e SWCRAATVNC-NH, TSL6 16 C\/O parent © 12e SFCHYATHVC-NH, TSL6 4.0
p7 SMCEVDMFTC N/F N/F N/F 215 8f SWCRPGTVNC-NH, TSL6 29 peptide 8 HN 12f SFCHYPAHVC-NH, TSL6 6.1
p8 SWCRPATVNC 1.5 25 31 3.8 L — 8g SWCRPAAVNC-NH, TSL6 69 129 SFCHYPTAVC-NH, TSL6 12
p9 SSCFDSQSDC  N/F NF  NF  -— o 100 200 300 0 200 400 0 200 400 8h SWCRPATANC-NH, TSL6 3.8 o ¥ 12h srCHYPTHAC-NH, TSL6 10
p10 SDCPQATIIC Insoluble Insol & Time  (sec) Time (sec) Time (sec) 8i SWCRPATVAC-NH, TSL6 28 < \gAH:f @/H/ 12i sFCHAAAHVC-NH, TSL6 22
_ _ 8j SWCRPATVNC-NH MBX 37 i
p11 SYCHDTAGRC N/F N/F NF 50 O K. =1.1puM K, =3.1uM K, = 56 pM o SACRPATVNC—NH2 o 5100 12j SFCHYPTHVC-NH, MBX 77
p12 SFCHYPTHVC 1.7 1.5 59 11 2 12k SACHYPTHVC-NH, MBX 113
p13 SICTGEIEHC N/F NF  NF - 8l SWCAPATVNC-NH, MBX >100 N, 121 SFCAYPTHVC-NH MBX >100
, L\Q 8m SWCRAATVNC-NH MBX 34 = ’
p14 SGCIIEGMQC N/F N/F NF - o g otk MBX 100 0 =" o f 12m SFCHAPTHVC-NH, MBX >100
015 SDCRNFISAC NJ/F NE  N/F - L L] N SWCRPGTVNC-NH, HLN NG AN 12n SFCHYATHVC-NH, MBX 6.1
p16 SLCTTIFEEC N/F NF - NF - T 80 SWCRPAAVNC-NHA, MBX>100 LA PO " 120 srcHYPAHVC-NH, MBX 107
p17 SSCQDAFDKC  N/F NF  NF - S T L[ 8p SWCRPATANC-NH, MBX >100 J o L 12p SFCHYPTAVC- NH, MBX 51
p18 SDCPWQSKTC 865 N/F NF 103 @ 8q SWCRPATVAC-NH, MBX >100 Cvo parsnt 12q SFCHYPTHAC- NH, MBX 51
8r SWCRPATVNCGGGZ-NH, S-S >100 peptide 12 HN
p19 sicebgsNoc  N/F - N/F - N/F - >1000 8c SHCRPATUNG Coor NH.  TSLE 31 12r SFCHYPTHVCGGGZ-NH, TSL6 4.6
N/F N/F - N/F >1000 e R W B T AR S N, ]
p20 SQCSMNYDYC . v~ = A 10 NH.  TSL 12s SFCHYPTHVCGGGZ-NH, TSL3 5.8
p21 STCESREAYC N/F  N/F  N/F  >1000 0.9 1.0 ' St SWCRPATVNCGGGZ-NH, S5 or
] | 0.8 - 8U SHCRPATVNCGGGZ-NH.  TSL1 118 \gA 12t SFCHYPTHVCGGGZ-NH, TSL1 9.5
22 STCQAPDAGC N/F N/F N/F 125 < 0.8 . , ]
P » Eo06- 8 _NH.  MBX 51 2N 12u SFCHYPTHVCGGGZ-NH, MBX 132
p23 SYCNVIAGIC Insoluble Insol = = ¢ 0.6 - 0.6 - vV SWCRPATVNCGGGZ-NH,
p24 SACAWHQHAC N/F N/F NF - i § 0.3 { Tttt 0.4 - 0.4 - 8W S AAARAAWCRPATVNCGGGZ-NH, TSL1 155 12v SAARARAFCHYPTHVCGGGZ -NH, TSL1 24
9] oftégee” | 1 ° i
p25 SACSDTGLQC N/F N/F N/F 264 § - IC, is N/D 85 IC,, = 3.8 uM 83 IC,, =11 uM Fig. 4b 05 08 012
. I I T . I I I T T . I I I I I I C50 KD I C50 KD I C50 KD
log(uM conc) log(uM conc) log(uM conc) O

026 17 38 15 11 17
H

X
R
N
\\g/‘\m Bﬂu : 26 N/A 31 N/A 46 N/A

U.S. Provisional Patent Application Serial No. 63/421,007
Title: SIGLEC-7 Inhibitors and Compositions and Methods Relating to Same
Filed: October 31, 2022

Figure 3. A) SPR evaluation of binding of 25 peptides to (i) Siglec-7-Fc; (ii) Siglec-7; (iii) Siglec-9 and (iv) inhibition Figure 4. A) IC50 values of the alanine-scanned and linker-modified variants of our lead binders,
of GD3:Siglec-7 interaction measured by ELISA. B) Surface plasmon resonance and ELISA binding traces of the p8 and p12, were obtained to build an SAR profile. Z = L-propargylglycine. B) C-terminal elongation
three most active macrobicycles, p3, p8 and p12.

We employed bicyclic genetically encoded libraries (BIGEL) to discover bicyclic inhibitors that
block the interaction of the immunomodulatory protein Siglec-7 with its glycan ligand GD3.

BiGEL were produced by chemical ligation of two-fold symmetric linchpin (TSL-6) to the 48 H 0 U r Dlscove ry , '

N-terminus and two Cys residues in phage-displayed libraries.
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Panning of BIGEL against Siglec-7 and Siglec-9 proteins combined with next-generation
sequencing (NGS) and differential enrichment analysis yielded 815 candidates. Further
refinement in a focused library resulted in nomination of 34 sequences, from which 23 were
tested by surface plasmon resonance (SPR) to yield KD in 1-1000 uM range. Competitive ELISA

N
further identified a subset of the leads that disrupted Siglec-7:GD3 interaction with the IC, Ov.
values ranging from 3 to 300 uM. . yco e
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