
1 

 

Online Supplemental Materials for 

 

BT7480, a novel fully synthetic Bicycle tumor-targeted immune cell agonist™ 

(Bicycle TICA™) induces tumor localized CD137 agonism 

Authors: Kristen Hurov*, Johanna Lahdenranta*, Punit Upadhyaya, Eric Haines, Heather Cohen, 

Elizabeth Repash, Drasti Kanakia, Jun Ma, Julia Kristensson, Fanglei You, Carly Campbell, David 

Witty, Mike Kelly, Stephen Blakemore, Phil Jeffrey, Kevin McDonnell, Philip Brandish, Nicholas 

Keen# 

*equal contribution; #correspondence to: nicholas.keen@bicycletx.com 

 

Affiliations: Bicycle Therapeutics, 4 Hartwell Place, Lexington, MA 02421 and B900 Building, 

Babraham Research Campus, Cambridge, CB22 3AT, UK 

This file includes: 

  

Methods 

 Figures S1 to S18 

 Tables S1 to S7 

 

Methods 

TCGA data analysis 

Level 3 RSEM normalized RNAseq data for Nectin-4 (PVRL4) and CD137 (TNFRSF9) from 12,564 

tumor samples across 36 human cancers were downloaded from The Cancer Genome Atlas 

Genomic Data Commons (TCGA GDC) portal (http://portal.gdc.cancer.gov) using FirebrowseR. 

Nectin-4 and CD137 expression was then log2 transformed and co-expression was evaluated via 

quartile analysis based on the average expression of each gene across all TCGA samples 

analyzed. Cancer types were ordered based on the frequency of samples with above average 

expression for both genes.  

MultiOmyx™ hyperplexed immunofluorescence assay 

MultiOmyx™ was performed at NeoGenomics to evaluate the expression of Nectin-4, CD137, 

CD19, CD3, CD4, CD8, CD56, CD68, and PanCK in 15 human tumor samples including 5 head and 

neck squamous carcinoma (HNSCC), 5 non-small cell lung cancer (NSCLC), and 5 bladder cancer 

FFPE sections (4mm) that were procured from TriStar Technology Group. Each FFPE slide was 

presented to a pathologist for tissue annotation and selection of 30 regions of interest (ROIs) 

for image analysis. Staining was performed on one tissue section using multiple rounds of 

staining and dye inactivation. Within each staining round, two cyanine dye labeled (Cy3, Cy5) 

antibodies were paired together. The following antibody clones were used for the analysis 
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described for this study: Nectin-4 (Bicycle Therapeutics proprietary clone), PanCK (PCK26/AE1), 

CD137 (BLR051F), CD8 (CD8/144B), CD3 (F7.2.38), CD4 (EPR6855), CD19 (LE-CD19), CD56 (MRQ-

42), CD68 (KP1). After each staining round, the staining signal was imaged followed by dye 

inactivation, enabling repeated rounds of staining. Proprietary deep learning-based workflows 

(NeoGenomics) were applied to identify individual cells and perform cell classification for 

phenotypes of interest, as well as to identify tissue and tumor regions for analysis. 

CD137L binding competition assay 

The CD137L binding competition assay was carried out as described in the manufacturer’s Data 
Sheet for the CD137[Biotinylated]:CD137L Inhibitor Screening Assay Kit (BPS Bioscience Cat. No. 

72025). In brief, his-tagged recombinant CD137L is coated on a 96-well plate. Next, test 

compounds (BT7480 or BCY12797) and CD137-biotin were added and incubated at room 

temperature for 2 hr. Finally, Streptavidin-HRP (BPS Bioscience Cat. No. 79742) was added to 

the wells followed by the ELISA ECL Substrate Solution (BPS Bioscience Cat. No. 79670) and 

chemiluminescence was read on a ClarioStar plate reader. 

Human, rat and cyno Nectin-4 cloning, expression, and purification 

Human Nectin-4 (residues 32-349), rat Nectin-4 (residue 31-347) and cyno Nectin-4 (residues 

32-349) with a gp67 signal sequence and C-terminal FLAG tag were cloned into pFastbac-1 and 

baculovirus using standard Bac-to-Bac™ protocols (Life Technologies). Sf21 cells at 1 x 106mL-1 

in Excell-420 medium (Sigma) at 27°C were infected at a Multiplicity of infection (MOI) of 2 with 

a P1 virus stock for protein expression. Supernatant was harvested at 72 hr and incubated for 1 

hr at 4°C with anti-FLAG M2 affinity agarose resin (Sigma) followed by a PBS wash. Resin was 

subsequently transferred to a column and washed extensively with phosphate buffered saline 

(PBS). Protein was eluted with 100µg/mL FLAG peptide concentrated to a volume of 2mL and 

loaded onto an S-200 Superdex column (GE Healthcare) in PBS at 1mL/min.  2mL fractions were 

collected and fractions containing Nectin-4 protein were concentrated. 

Surface plasmon resonance 

To enable immobilization on a streptavidin SPR sensor chip, proteins were randomly 

biotinylated using EZ-Link™ Sulfo-NHS-LC-LC-Biotin reagent (Thermo Fisher) as per the 

manufacturer’s suggested protocol. The protein was desalted to remove uncoupled biotin using 

spin columns into PBS. 

CD137 Affinity determination:  Streptavidin was immobilized on a CM5 (GE Healthcare) or 

CMD5000 (Xantec) chip using standard amine-coupling chemistry at 25°C with HBS-N (10 mM 

HEPES, 0.15 M NaCl, pH 7.4) as the running buffer. The carboxymethyl dextran surface was 

activated with a 7 min injection of a 1:1 ratio of 0.4 M 1-ethyl-3-(3-dimethylaminopropyl) 

carbodiimide hydrochloride (EDC)/0.1 M N-hydroxy succinimide (NHS) at a flow rate of 10 

μl/min. Streptavidin was diluted to 0.2 mg/mL in 10 mM sodium acetate (pH 4.5) and captured 

by injecting 120µl onto the activated chip surface. Residual activated groups were blocked with 
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a 7 min injection of 1 M ethanolamine (pH 8.5) and biotinylated human Nectin-4 captured to a 

level of 120-400 RU. During each cycle BT7480 was non-covalently captured to the immobilized 

Nectin-4 by a 60 sec injection of 200nM in 1X PBS, 0.04%tween 20, 0.5% DMSO, pH7.4. To 

determine the affinity for CD137, The BT7480 capture step was followed by injection of soluble 

CD137 in 1X PBS, 0.04%tween 20, 0.5% DMSO, pH7.4 over a range of concentrations and 

regeneration of the Nectin-4 surface was achieved with 10 mM Glycine-HCl pH 2.3.  SPR 

analysis was run on a Biacore 3000 or Biacore T200 instruments at 25°C at a flow rate of 

50µl/min with association time of 60 seconds and dissociation time of between 200 and 500 

seconds depending upon the individual experiment.  Data were corrected for DMSO excluded 

volume effects.  All data were double-referenced for blank injections (including BT7480 

captured surface serving as baseline for the appropriate experiments) and reference surface 

using standard processing procedures and data processing and kinetic fitting were performed 

using Scrubber software, version 2.0c (BioLogic Software). Data were fitted using simple 1:1 

binding model allowing for mass transport effects where appropriate. 

Nectin-4 Affinity determination: Streptavidin was immobilized on chip as described above for 

the CD137 affinity determination. Biotinylated human CD137 in 1X PBS, 0.04%tween 20, 0.5% 

DMSO, pH7.4 was captured to a level of 50 – 100 RU. During each cycle BT7480 was non-

covalently captured to the immobilized Nectin-4 by a 60 sec injection of 200nM. To determine 

the affinity for Nectin-4, The BT7480 capture step was followed by injection of soluble Nectin-4 

in 1X PBS, 0.04%tween 20, 0.5% DMSO, pH7.4 over a range of concentrations and regeneration 

of the CD137 surface was achieved with 10 mM Glycine-HCl pH 2.3. SPR analysis was run on a 

Biacore T200 instruments at 25°C at a flow rate of 50µl/min with association time of 60 sec and 

dissociation time of between 200 and 500 sec depending upon the individual experiment.  Data 

were corrected for DMSO excluded volume effects.  All data were double-referenced for blank 

injections (including BT7480 captured surface serving as baseline) and reference surface using 

standard processing procedures and data processing and kinetic fitting were performed using 

Scrubber software, version 2.0c (BioLogic Software). Data were fitted using simple 1:1 binding 

model allowing for mass transport effects where appropriate. Each experiment was repeated 

two to four times. Figure 2 in the main article depicts some of the reference surface corrected 

sensorgrams for one such experiment. Minor spikes in data at the start of injections were 

removed for clarity. In supplemental figure S12 and S13, representative blank injection 

corrected sensorgrams that were fitted to derive the affinity constants are depicted. 

To measure the affinity of BT7480 for Nectin and Nectin-like family proteins a direct binding 

method was used. Streptavidin - CM5 (as above) chip was prepared and biotinylated proteins in 

1X PBS, 0.04%tween 20, 0.5% DMSO, pH7.4 were captured to a level of 350 to 1140 RU. Bicycles 

were prepared in PBS/0.05% Tween 20 with a final DMSO concentration of 0.5%.  Binding 

analysis was run on Biacore 3000 or Biacore 8K instruments at 25°C at a flow rate of 50µl/min 

with association time of 60 seconds and dissociation time of between 200 or 400 sec depending 

upon the individual experiment.  Data were corrected for DMSO excluded volume effects.  All 

data were double-referenced for blank injections and reference surface using standard 
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processing procedures and data processing and kinetic fitting were performed using Scrubber 

software, version 2.0c (BioLogic Software). Data were fitted using simple 1:1 binding model 

allowing for mass transport effects where appropriate. Sensorgrams are not shown as no 

binding was observed and the data is summarized in table S1. 

OX40 and CD40 cross-reactivity: 3000 RU of biotin capture reagent was reversible captured on 

Biocap chip (GE Healthcare) chip according to manufacturer’s protocol. Biotinylated ligand 
(BCY13582) was captured to a level of 10, 20 or 40 RU. Single cycle kinetic experiment was run 

on Biacore T200 at 25 °C.  Increasing concentrations of sOX40 or sCD40 (1.23 to 100 nM, three-

fold dilutions) were sequentially injected at the rate of 50µl/min with contact time of 1 to 3 min 

and no regeneration step between each sample injection. The running and sample buffer used 

was 10 mM sodium phosphate, 150 mM NaCl, pH7.4 with 0.05% Tween 20. At the end of each 

cycle, 8 M guanidinium: 1M NaOH was used to regenerate the surface. Double reference 

method used for analysis.  Reference channel contained the identical level of streptavidin. Data 

processing and kinetic fitting were performed using Biacore T200 evaluation software, v 3.1. 

Sensorgrams are not shown as no binding was observed and the data is summarized in table S1. 

PBMC binding assay using flow cytometry 

Freshly thawed PBMCs were added to each well at a density of 1e5 cells/well and were 

subsequently treated with Ultra-LEAFTM purified anti-human CD3 antibody OKT3 clone (100 

ng/ml; BioLegend Cat. No. 317347) for 24 hr. The following day, the cells were treated with the 

indicated concentrations of Alexa Flour® 488-labeled BT7480 (BCY13583) or the Alexa Fluor® 

488-labeled non-binding control (BCY13631) for 1 hr in an incubator (37 degrees with 5% CO2). 

Samples were then washed with 1xPBS and transferred from TC coated plate and placed in a 

non-TC coated V-bottom plate. The TC coated plate was washed with 1xPBS to collect any 

remaining cells and then the collection plate (V-bottom) was spun down at 1500 rpm for 5 min, 

washed with 1xPBS, and processed by flow cytometry. Harvested PBMCs were stained with the 

viability dye (Zombie dye Aqua) for 15 min at room temperature (RT) in the dark. Cells were 

subsequently washed twice with FACS buffer (1x PBS with 2% FBS) and stained with a master 

mix that included anti-human CD3 (BioLegend Cat. No. 344836), CD4 (BD Biosciences Cat. No. 

563875), CD8 (BioLegend Cat. No. 301045), and CD137 (BioLegend Cat. No. 309808) antibodies 

and incubated at RT for 30 min in the dark. Lastly, cells were washed with FACS buffer, spun 

down, and resuspended in FACS buffer and data was acquired on a BD Celesta flow cytometer. 

Cells of interest were gated using forward and side scatter density plots to distinguish 

lymphocytes from other cell populations. Subsequently, doublet exclusion was performed, and 

only viable cells were progressed through the analysis. Moreover, CD3+ T cells were subdivided 

into CD8+ cytotoxic T cells and CD4+ helper T cells. T cell populations were further divided into 

CD137+ and CD137- populations where binding of AF488 BCYs were evaluated. 
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Binding profile of biotinylated BT7480 using a human plasma membrane protein cell array 

The Retrogenix cell microarray study was divided into three screening phases: a pre-screen, 

primary screen, and confirmation/specificity screen. For the pre-screen, slides were spotted 

with expression vectors encoding both ZsGreen1 and human NECTIN-4 (the natural isoform 1, 

and a synthetic C-terminal cell surface-tethered form of isoform 1), CD137 (TNFRSF9), TGFBR2 

or EGFR, and used to reverse-transfect HEK293 cells. 0.1, 0.3 or 1 μM of the test peptide, or PBS 
only, was added to the above cells/slides after fixation. Binding to target-expressing cells and 

untransfected cells was assessed using an Alexa Fluor® 647 streptavidin detection reagent, 

followed by fluorescence imaging. This detection reagent has been validated previously for use 

in Retrogenix’s system for detecting biotinylated peptides. For primary screening, 5484 
expression vectors, encoding both ZsGreen1 and a full-length human plasma membrane protein 

or a cell-surface tethered human secreted protein, were arrayed in duplicate across 16 

microarray slides. An expression vector (pIRES-hEGFR-IRES-ZsGreen1) was spotted in 

quadruplicate on every slide and was used to ensure that a minimal threshold of transfection 

efficiency had been achieved or exceeded on every slide. Human HEK293 cells were used for 

reverse transfection/expression. BCY13582 was added to each slide after cell fixation giving a 

final concentration of 1 μM. Detection of binding was performed by using the same fluorescent 
streptavidin detection reagent as used in the pre-screen. Two replicate slides were screened for 

each of the 16 slide-sets. Fluorescent images were analyzed and quantitated (for transfection) 

using ImageQuant software. A protein ‘hit’ is defined as a duplicate spot showing a raised signal 
compared to background levels. This is achieved by visual inspection using the images gridded 

on the ImageQuant software. Hits were classified as ‘strong, medium, weak, or very weak’, 
depending on the intensity of the duplicate spots. To confirm the hits and assess specificity, 

vectors encoding all hits identified in the primary screen, plus vectors encoding TGFBR2 and 

EGFR, were arrayed and expressed in HEK293 cells on new slides. Confirmation/Specificity 

screens and analyses were carried out as for primary screening except that identical slides were 

treated, after cell fixation, with the test peptide at the same concentration as before (1 μM), 1 
μM BCY00013582 in the presence of 100 μM BT7480, 1 μg/ml biotinylated anti-TGFBR2, or PBS 

only/no test peptide (n=2 slides per treatment). Binding was assessed using the same 

fluorescent streptavidin detection reagent as used in the pre- and primary screens, followed by 

fluorescence imaging. 

Simulation of target coverage for dosing regimens in MC38 syngeneic model efficacy studies 

The plasma concentration-time profiles in CD-1 mice were analyzed using a two-compartment 

model (2C) in Phoenix Winnonlin. The mean PK parameters from the 2C model were used to 

simulate the plasma concentration time profiles for the doses and dosing regimens in the in 

vivo efficacy study. The plasma concentrations were corrected for free fraction using plasma 

protein binding data. The potency (EC50) of BT7480 in MC38/ hPBMC co-culture assay was used 

to calculate target coverage based on plasma concentration. Since 10% (v/v) FBS is used in the 

media, the free fraction of BT7480 in FBS was measured and the free fraction (fu,medium) was 

determined using the equation below:  
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mm3 and were treated with vehicle (25 mM histidine, 10% 

sucrose, pH7; QDx16, intraperitoneally, ip) or BT7480 at 1 mg/kg or 5 mg/kg (QDx16 or Q3D 

x6, ip). Tumor growth was monitored by caliper measurements as described above. 1 hr after 

the last dose, tumors were harvested and used for preparation of single cell suspensions. 

Briefly, tumors were minced and digested with enzymes for 30 minutes at +37oC in Gentle 

MACS and strained through a 70 mm filter and washed before staining for flow cytometry 

analysis BD LSR Fortessa Flow Cytometer. Tumor cell suspensions were stained for flow 

cytometry using Live/Dead (Invitrogen#L34964), CD45-AF700 (BD#560510), CD3-APC-Cy7 

(BD#557596), CD4-BV510 (563106), CD8-BUV737 (BD#564297) and Foxp3-PE-Cy7 

(eBioscience#25-5773-82). For a bilateral tumor study, 3x105 CT26-Nectin-4 and 3x105 CT26 

cells were implanted subcutaneously into the left and right flank of the same BALB/c hCD137 

mouse. Mice were randomized into treatment groups when tumor volumes reached 50 mm3 

(CT26-Nectin-4) and 43 mm3 (CT26) and were treated with vehicle (25 mM histidine, 10% 

sucrose, pH7; QDx15, ip) or BT7480 at 5 mg/kg (QDx15, ip). Tumor growth was monitored by 

caliper measurements as described above. 

For the transcriptional and immunohistochemical (IHC) analyses, MC38-Nectin-4 tumors were 

established as described above. When average tumor volumes reached around 255 mm3, mice 

were randomized into 2 vehicle and 6 test article groups. Mice were dosed with 2 doses of 

vehicle (at 0 and 24 hr), BT7480 (5 mg/kg at 0 and 24 hr), a nonbinding control (BCY12797, 5 

mg/kg at 0 and 24 hr), or anti-CD137 antibody agonist (2 mg/kg at 0 and 72 hr). Groups were 

established for different sample collection time points: 2 vehicle groups for collection at 24 and 

144 hr; 4 BT7480 groups for collection at 24, 48, 96, and 144 hr; and 1 group each for BCY12797 

and anti-CD137, both for collection at 144 hr. Part (around 30 milligrams) of the tumor tissue 

was used for RNA isolation for transcriptional analysis and a part of the tumor tissue was used 

for formalin-fixed paraffin embedded (FFPE) sample preparation for IHC analysis. WBCs were 

harvested for RNA isolation as described below. 

For the transcriptional profiling of WBCs, C57BL/6J-hCD137 mice were implanted with MC38-

Nectin-4 tumor cells as described above. When average tumor volumes reached around 315 

mm3, mice were randomized into vehicle and test article groups. Mice were dosed with vehicle, 

BT7480 (5 mg/kg), a nonbinding control (BCY12797, 5 mg/kg), or anti-CD137 antibody agonist 

(0.2 mg/kg). 24 hr after dosing, mice were euthanized, and blood samples were collected for 

WBC RNA isolation as follows: Blood samples were collected and lysed with 1x Red Blood Cell 

Lysis Solution (BD-555899). After washing with 1x DPBS, 600μL of RLT+DTT was added and 

mixed well by pipetting. WBC cell lysates were stored in -80℃ prior to RNA isolation.  

Transcriptional analysis by NanoString 

RNA was extracted from tumor tissues and WBCs following the RNeasy Mini Handbook with 

RNeasy Mini Kit (Qiagen-74106). RNA samples were analyzed for quantity and quality using 

Nanodrop and Qubit. 100 ng of RNA/sample was hybridized with nCounter Mouse PanCancer 

IO360 array or on nCounter Mouse PanCancer Immune Profiling CSO and loaded onto nCounter 

Prep Station for automated sample purification at a high sensitivity procedure and 
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immobilization of the RNA on the cartridge from nCounter Master Kit. The cartridges were 

transferred to nCounter Digital Analyzer for analysis and scanned at “max” field-of-view (555 

FOV). Data -analysis was performed using nSolver 4.0 analysis software. Probe annotations 

were performed according to the set ns_mm_io_360_v1.0 or NS_Mm_CancerImm_C3400. All 

analyses were performed with the nSolver advanced data analysis module (2.0.115). 

 

mRNA in situ hybridization 

RNAscope 2.5 LS Duplex ISH assay (Advanced Cell Diagnostics, Newark, CA) for Ccl17 together 

with Cd3 (pooled of Cd3d, Cd3e, Cd3g) mRNAs as well as codetection for Ccl17 and Itgam 

mRNAs was performed on FFPE tissue sections according to manufacturer’s instructions. Mm-

Ccl17 was detected by 10 zz probe targeting 13-445 of NM_011332.3, Mm-Ccl2 by 20 zz probe 

targeting 2-1203 of NM_009137.2, Mm-Itgam-C2 by 20 zz probe targeting 538-1528 of 

NM_001082960.1 and Mm-Cd3-C2 by pooled 20 zz probe targeting 2-991 of NM_013487.3, 20 

zz probe targeting 2-1318 of NM_007648.4 and 18 zz probe targeting 2-932 of NM_009850.2. 

Each sample was quality controlled with probes specific to Mm-Ppib-C1/Mm-Polr2a-C2 

(positive control) and dapB-C1/dapB-C2 (bacterial transcripts, negative control). 

Assessment of in vitro cytokine release in human whole blood 

The ability of BT7480 to induce cytokine secretion in whole blood from a cohort of 10 healthy 

human donors was carried out using the Cytokine Screen™ assay at Abzena (Cambridge, UK). 
BT7480 was tested in the assay at 5 concentrations ranging from 0.1-10 M and Pokeweed 

mitogen (PWM) (Sigma Aldrich) was used as a positive control (final assay concentration 100 

g/mL) and PBS as a negative control. In addition, the clinical antibodies, Lemtrada® (Sanofi 

Genzyme) and Erbitux® (Eli Lilly) were run in parallel with the samples as comparators for high 

and low incidence of cytokine related infusion reactions in patients, respectively[36, 37]. The 

final assay concentration for Lemtrada was 10 g/mL and for Erbitux was 100 g/mL. 20 L of 

each sample was added to a 96-well plate in duplicate followed by 180 L of fresh whole blood 

and plate were then incubated at 37°C with 5% CO2. For cytokine quantification, aliquots of 

plasma were taken from the cultures after 24 hr and analyzed for cytokine (IL-6, IL-8, IL-10, 

IFN, TNF, IL-12p70, and IL-1) levels using high sensitivity magnetic Milliplex kits (Merck 

Millipore, Hertfordshire, UK) according to the manufacturer’s instructions. The plasma samples 
and serially diluted standards were incubated with pre-mixed capture beads for 16-18 hr 

followed by additional incubation with detection reagents. Data were acquired using FLEXMap 

3D® (Bio-Rad). Cytokine secretion levels were determined in pg/mL from a standard curve using 

xPONENT® software (Bio-Rad). To analyze cytokine secretion induced by BT7480 compared to 

the controls, three parameters were considered: 1) the concentration of cytokines in the 

plasma supernatant (pg/mL), 2) the frequency of donors producing individual cytokines above 

baseline levels, and 3) the number of different cytokines secreted in response to BT7480 by 

individual donors. Baseline levels were set at 95th percentile responses to Erbitux®. The 

statistical significance of the difference between responses to samples and controls (p values) 

was calculated using repeated measures one-way ANOVA in Prism 8 (GraphPad Software Inc). 
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Synthesis of monomeric bicyclic peptide building blocks for tumor-targeted immune cell 

agonists 

Bicycle peptides were synthesized as previously described [38, 39]. Briefly, linear peptide was 

synthesized on Rink amide resin using standard Fmoc (9-fluorenylmethyloxycarbonyl) solid 

phase peptide synthesis, either by manual coupling or using an automated peptide synthesizer.  

The peptides were cleaved from resin using TFA cleavage cocktail containing appropriate 

protecting group scavengers and peptides were precipitated with diethyl ether and dissolved in 

50:50 acetonitrile/water. The crude peptides were then cyclized with either 1,3,5-

Triacryloylhexahydro-1,3,5-triazine (TATA) at ∼1 mM concentration peptide with 1.3 

equivalents scaffold, using ammonium bicarbonate (100 mM) as base.  Once complete, the 

cyclisation reaction was quenched using N-acetyl cysteine (10 equivalents).  The solutions were 

lyophilized and purified by RP-HPLC. Peptide fractions of sufficient purity and correct molecular 

weight (verified by either MALDI-TOF or HPLC and LC-MS) were pooled and lyophilized. Bicycle 

peptides synthesized for this work in listed in table S6 below. 

 

Synthesis of BT7480 

 

As part of the medicinal chemistry and structure activity relationship investigation that led to 

the selection of BT7480 as a development candidate, valency of the CD137 binding arm was 

explored. Higher valencies of the CD137 binding arm induced different levels of activation 

(Upadhyaya et al, 2021). 1:1, 1:2 and 1:3 (Nectin-4:CD137) compounds were explored and a 1:2 

valency led to both increased potency and fold induction of CD137 activity in a reporter cell 

assay in co-culture with Nectin-4 expressing tumor cells.  While there was an additional modest 

increase in CD137 induction with a 1:3 valency, this compound was also weakly active in the 

absence of the tumor antigen expressing cell (i.e., it would also be a constitutively active CD137 

agonist). Our aim was to design a strictly conditionally active CD137 agonist - activity only in the 

presence of tumor cells - therefore we selected the 1:2 format for the development candidate. 

This work will be further described in detail in a future chemistry manuscript (in preparation). 
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Step 1: Preparation of BCY12476: 

 

A mixture of N-(acid-PEG3)-N-bis(PEG3-azide) (70.0 mg, 112.2 mmol, 1.0 eq), HATU (51.2 mg, 

134.7 µmol, 1.2 eq) and DIEA (29.0 mg, 224.4 µmol, 40 µL, 2.0 eq) was dissolved in DMF (2 mL), 
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and mixed for 5 min. Then BCY8116 (294.0 mg, 135.3 µmol, 1.2 eq) was added. The reaction 

mixture was stirred at 40°C for 16 hr. LC-MS showed one main peak with desired m/z. The 

reaction mixture was concentrated under reduced pressure to remove solvent and produced a 

residue. The residue was then purified by preparative HPLC. BCY12476 (194.5 mg, 66.02 µmol, 

29% yield, 94% purity) was obtained as a white solid. Calculated MW: 2778.17, observed m/z: 

1389.3 ([M+2H]2+), 926.7 ([M+3H]3+). 

Step 2: Synthesis of BT7480 

 

 

 

A mixture of BCY12476 (100.0 mg, 36.0 µmol, 1.0 eq), BCY8928 (160.0 mg, 72.0 µmol, 2.0 eq) 

were first dissolved in 2 mL of tert-butanol/H2O (1:1), and then CuSO4 (0.4 M, 180 µL, 1.0 eq) and 

sodium ascorbate (VcNa, 28.5 mg, 143.8 µmol, 4.0 eq), THPTA (Tris(3-

hydroxypropyltriazolylmethyl) amine) (31.2 mg, 71.8 µmol, 2.0 eq) were added. Finally, 0.2 M 

NH4HCO3 was added to adjust the pH to 8. All solvents degassed and purged with N2. The reaction 

mixture was stirred at 40°C for 16 hr under N2 atmosphere. LC-MS showed that the major product 

was had the desired mass. The reaction mixture was directly purified by preparative HPLC. The 

first purification resulted in BT7480 (117.7 mg, 15.22 µmol, 42.29% yield, 93.29% purity) as TFA 

salt, and less pure fractions were purified again by preparative HPLC, producing additional 

BT7480 (33.2 mg, 4.3 µmol, 12% yield, 95% purity) as TFA salt. The molecular wt. of BT7480 was 

confirmed by TOF/MS (Calculated MW: 7213.34, observed m/z: 1443.6313 [M+5H]5+, 1804.2883 

[M+4H]4+, 2405.3770 [M+3H]3+, deconvoluted: 7213.62) 

HPLC: 
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TOF: 
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Synthesis of BCY13390 
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Procedure for preparation of BCY13689 

 

A mixture of BCY12476 (47.0 mg, 16.91 µmol, 1.0 eq), BCY8928 (30.0 mg, 13.53 µmol, 0.8 eq), 

and THPTA (36.7 mg, 84.55 µmol, 5.0 eq) was dissolved in tert-butanol/H2O (1:1, 8 mL, pre-

degassed and purged with N2), and then CuSO4 (0.4 M, 21.0 µL, 0.5 eq) and sodium ascorbate 

(VcNa, 67.0 mg, 338.21 µmol, 20.0 eq) were added under N2. The pH of this solution was adjusted 

to 8 by dropwise addition of 0.2 M NH4HCO3 in 1:1 t-BuOH/H2O, and the solution turned light 

yellow. The reaction mixture was stirred at 25 °C for 1.5 h under N2 atmosphere. LC-MS showed 

that some BCY12476 remained, however BCY8928 was consumed completely, and a peak with 

the desired mass was detected. The reaction mixture was filtered and concentrated under 

reduced pressure to give a residue. The crude product was purified by preparative HPLC, and 

BCY13689 (25.3 mg, 4.56 µmol, 27% yield, 90% purity) was obtained as a white solid. Calculated 

MW: 4995.74, observed m/z: 1249.4 ([M+4H]4+), 999.9([M+5H]5+). 

Procedure for preparation of BCY13390 
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A mixture of BCY13689 (43.6 mg, 8.73 µmol, 1.0 eq), BCY13389 (20.8 mg, 9.16 µmol, 1.05 eq), 

and THPTA (3.8 mg, 8.73 µmol, 1.0 eq) was dissolved in tert-butanol/H2O (1:1, 1 mL, pre-degassed 

and purged with N2), and then CuSO4 (0.4 M, 22.0 µL, 1.0 eq) and sodium ascorbate (VcNa, 3.5 

mg, 17.45 µmol, 2.0 eq) were added under N2. The pH of this solution was adjusted to 8 by 

dropwise addition of 0.2 M NH4HCO3 in 1:1 t-BuOH/H2O, and the solution turned light yellow. 

The reaction mixture was stirred at 25 °C for 2 hr under N2 atmosphere. LC-MS showed that the 

major product had the desired mass. The reaction mixture was filtered and concentrated under 

reduced pressure to give a residue. The crude product was purified by preparative HPLC, and 

BCY13390 (33.8 mg, 4.21 µmol, 48% yield, 90% purity) was obtained as a white solid. The 

molecular wt. of BCY13582 was confirmed by TOF/MS (Calculated MW: 7270.41, observed m/z: 

1455.0496 [M+5H]5+, 1818.5618 [M+4H]4+, 2424.4116 [M+3H]3+ deconvoluted: 7270.78) 

 

 

Synthesis of BCY13582 
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Procedure for preparation of BCY13582 

 

A mixture of BCY13390 (5.0 mg, 0.6 µmol, 1.0 eq) and biotin-PEG12-NHS ester (CAS 365441-71-

0, 0.7 mg, 0.72 µmol, 1.1 eq) was dissolved in acetonitrile/H2O (1:1, 2 mL). The pH of this solution 

was adjusted to 8 by dropwise addition of 1.0 M NaHCO3(aq). The reaction mixture was stirred 

at 25 °C for 0.5 hr. LC-MS showed that BCY13390 was consumed completely, and one main peak 

with desired mass was detected. The reaction mixture was filtered and concentrated under 

reduced pressure to give a residue. The crude product was purified by preparative HPLC, and 

BCY13582 (2.5 mg, 2.97e-1 µmol, 43% yield, 96% purity) was obtained as a white solid. The 

molecular wt. of BCY13582 was confirmed by TOF/MS (Calculated MW: 8096.43, observed m/z: 

1350.3004 [M+6H]6+, 1620.1580 [M+5H]5+, 2024.9437 [M+4H]4+ deconvoluted: 8096.89) 
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Synthesis of BCY13583

 

 

Procedure for preparation of BCY13583 

 

A mixture of BCY13390 (15.0 mg, 2.06 µmol, 1.0 eq) and Alexa fluor® 488 NHS ester (2.5 mg, 4.12 

µmol, 2.0 eq) was dissolved in DMF (0.5 mL). Then DIEA (2.6 mg, 20.63 µmol, 3.6 µL, 10 eq) was 

added dropwise. The reaction mixture was stirred at 25 °C for 1 hr. LC-MS showed that some 
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BCY13390 remained, and one main peak with desired mass was detected. Additional Alexa fluor® 

488 NHS ester (2.0 mg, 3.09 µmol, 1.5 eq) was added to the reaction mixture, and the reaction 

mixture was stirred at 25 °C for one additional hour. LC/MS showed BCY13390 was consumed 

completely. The reaction mixture was filtered and concentrated under reduced pressure to give 

a residue. The crude product was purified by preparative HPLC, and BCY13583 (5 mg, 0.61 µmol, 

29% yield, 95% purity) was obtained as a red solid. The molecular wt. of BCY13583 was confirmed 

by TOF/MS (Calculated MW: 7787.3, observed m/z: 1558.2411 [M+5H]5+, 1947.5526 [M+4H]4+, 

2596.4120 [M+3H]3+, deconvoluted: 7787.34)  

 

Synthesis of BCY15416 
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Procedure for preparation of BCY15459 

 

A mixture of N-(Amino-PEG2)-N-bis(PEG3-azide) (Broadpharm, cat # BP-24369 ) (10.0 mg, 18.16 

µmol, 1.0 eq.), BCY8928 (84.5 mg, 38.1 µmol, 2.1 eq.), and THPTA (7.9 mg, 18.16 µmol, 1.0 eq.) 

was dissolved in tert-butanol/0.2 M (aq) NH4HCO3 (1:1, 0.5 mL), degassed and purged with N2, 

and then an aqueous solution of CuSO4 (0.4 M, 45.4 µL, 1.0 eq.) and sodium ascorbate 

(VcNa14.5 mg, 72.64 µmol, 4.0 eq.) were added under N2. The pH of this solution was adjusted 

to 8 using 0.2 M NH4HCO3, and the solution turned light yellow. The reaction mixture was 

stirred at 25 °C for 2 hr under N2 atmosphere. LC-MS showed that BP-24369 was consumed 

completely and one main peak with desired mass was detected. The reaction mixture was 

filtered and concentrated under reduced pressure to give a residue. The crude product was 

purified by preparative HPLC, and BCY15459 (55 mg, 10.48 umol, 57.71% yield, 97.5% purity) 

was obtained as a white solid. Calculated MW: 4985.8, observed m/z: 1247.7 [M+4H]4+, 998.4 

[M+5H]5+. 

Procedure for preparation of BCY15416 

 

A mixture of BCY15459 (20.0 mg, 4.01 µmol, 1.0 eq.), AF488-NHS (5.0 mg, 8.02 µmol, 2.0 eq.) 

was dissolved in DMF (0.5 mL) and DIEA (5.2 mg, 40.11 µmol, 7.0 µL, 10 eq.) was added. The 

reaction mixture was stirred at 25 °C for 1 hr. LC-MS showed some BCY15459 remained and 

additional AF488-NHS (5.0 mg, 8.02 µmol, 2.0 eq.) was added to the reaction mixture which 

was stirred at 25 °C for 1 hr. LC-MS showed BCY15459 was consumed completely, and one main 

peak with desired mass was detected. The reaction mixture was filtered and concentrated 

under reduced pressure to give a residue. The crude product was purified by preparative HPLC, 

and BCY15416 (9.8 mg, 1.72 µmol, 42.76% yield, 96.3% purity) was obtained as a red solid. The 
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molecular wt. of BCY15416 was confirmed by TOF/MS (Calculated MW: 5502.27, observed m/z: 

1376.3305 [M+4H]4+, 1834.7720 [M+3H]3+, deconvoluted: 5502.57) 

 

Synthesis of BCY13144 

BCY13144 was synthesized as described for BT7480, but BCY8116 was replaced with BCY11415 

(Table S6 & S7). BCY13144 was obtained as a white solid (91.0 mg, 11.71 µmol, 40.45% yield, 

92.8% purity). The molecular wt. of BCY13144 was confirmed by TOF/MS (Calculated MW: 

7213.32, observed m/z: 1443.6338 [M+5H]5+, 1804.2928 [M+4H]4+, 2405.3817 [M+3H]3+, 

deconvoluted:7213.54) 

 

Synthesis of BCY12797 

BCY12797 was synthesized as described for BT7480, but BCY8928 was replaced with BCY11506. 

BCY12797 was obtained as a white solid (24.6 mg, 3.03 µmol, 42.0% yield, 91.7% purity). The 

molecular wt. of BCY12797 was confirmed by TOF/MS (Calculated MW: 7453.46, observed m/z: 

1491.64 [M+5H]5+, 1840.30 [M+4H]4+, 2485.40 [M+3H]3+, deconvoluted: 7453.81) 

 

 

Synthesis of BCY13631 

BCY13631 was synthesized as described for BCY13583, but BCY8928 and BCY13389 were 

replaced with BCY11506 and BCY12144, respectively (Table S6 & S7). BCY13631 was obtained 

as a red solid (1.1 mg, 0.11 µmol, 16.88% yield, 82% purity). The molecular wt. of BCY13631 was 

confirmed by TOF/MS (Calculated MW: 8027, observed m/z: 1606.2587 [M+5H]5+, 2007.5734 

[M+4H]4+, 2676.7589 [M+3H]3+, deconvoluted: 8027.50) 
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Supplementary Figures 

 

 

Fig. S1. BT7480 competes with CD137L for common binding sites on the CD137 receptor. The 

ability of BT7480 and an enantiomeric non-CD137 binding analog of BT7480 (BCY12797) to 

inhibit the interaction between the CD137 receptor and its natural ligand, CD137L, was tested 

using an ELISA-based CD137-CD137L Inhibitor Screening Assay. Data are mean/SD. (n=3 

replicates) and data shown is a representative figure of three independent experiments. Data 

were fit using log[agonist] vs. response--Variable slope (four parameter) in GraphPad Prism 

version 8.4.3. 
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A    Human Nectin-4:BT7480 ligand; human sCD137 analyte 

 

  
 

B    Human CD137:BT7480 ligand; cyno sCD137 analyte 
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C    Human CD137:BT7480 ligand; rat sCD137 analyte 

  
 

D    Human CD137:BT7480 ligand; mouse sCD137 analyte

 
 

Fig. S2. Sensorgrams of simultaneous binding of CD137, BT7480 and Nectin-4 with 
determination of KD for sCD137. Human Nectin-4 was immobilized on SPR chip and BT7480 was 
non-covalently captured. Human (A), Cynomolgus monkey (B), rat (C), and mouse (D) CD137 
were injected over the BT7480 surface over a range of concentrations to determine the KD for 
sCD137. 
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A    Human CD137:BT7480 ligand; human sNectin-4 analyte 

 
 

B    Human CD137:BT7480 ligand; cyno sNectin-4 analyte 
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C    Human CD137:BT7480 ligand; rat sNectin-4 analyte 

 

 
D   Human CD137:BT7480 ligand; mouse sNectin-4 analyte 

 

 
Fig. S3. Sensorgrams of simultaneous binding of CD137, BT7480 and Nectin-4 with 
determination of KD for sNectin-4. Human CD137 was immobilized on SPR chip by biotin-
streptavidin and BT7480 was non-covalently captured. Human (A), Cynomolgus monkey (B), rat 
(C), and mouse (D) Nectin-4 were injected over the BT7480 surface over a range of 
concentrations to determine the KD for sNectin-4. 
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Fig. S6. BT7480 bound specifically to human cancer cell lines that express Nectin-4. Nectin-4 
positive cell lines, HT-1376 and T-47D, and the Nectin-4 negative cell line, A549, were treated for 
1 h with BT7480. Nectin-4 binding was determined by flow cytometry utilizing a competitive 
Nectin-4 monoclonal antibody. Data are mean/SD (n=3 replicates), and data were fit using 
log[agonist] vs. response (three parameters) or log[agonist] vs. response--Variable slope (four 
parameter) in GraphPad Prism version 8.4.3. 
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Supplementary Tables 

 

Table S1. BT7480 does not bind to a panel of Nectin-4 and CD137 related proteins 

 

Paralogue 

screening  
BT7480 

(SPR, K
D 

(nM))  
Nectin-1 >200 (n=3)  
Nectin-2  >200 (n=3)  

Nectin-3  >200 (n=3)  
Necl-1  >200 (n=3)  

Necl-2 >200 (n=3)  
Necl-3 >200 (n=3)  

Necl-4  >5000 (n=3)  
Necl-5 > 200 (n=3) 
OX40* >100 (n=2) 
CD40*  > 100 (n=2) 

*Binding was measured using biotinylated BT7480 (BCY13582)  

 

Table S2. Quantification of Nectin-4 expression on cancer cell lines 

Species Cell line Average Nectin-4 

receptors/per cell ± 

Standard deviation 

Number of 

experiments (N) 

Human NCI-H322 18737 ± 10775 3 

HT-1376 9076 ± 6457 6 

T-47D 17526 ± 7311 2 

A549 648 ± 26 3 

Mouse CT26 <LLOQ 3 

CT26 #7 2507 ± 1239 2 

MC38 <LLOQ 1 

MC38 #13 3025 ± 775 2 

4T1 522 ± 73 3 

4T1-D02 24191 ± 21380 2 
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Table S3: Top 20 differentially expressed genes 24h after BT7480 treatment 
 

Linear 

fold 

change 

Lower 

confidence 

limit (linear) 

Upper 

confidence 

limit (linear) 

BY.p.value Gene set: 

Cytokine and 

Chemokine 

Signaling 

Gene set:  
NF-B 

Signaling 

Gene set: 

Costimulatory 

Signaling 

Ccl17-

mRNA 
12.2 7.93 18.7 0.00186 X 

  

Tnfsf4-

mRNA 
5.2 3.84 7.04 0.00186 

 
X 

 

Ccl22-

mRNA 
4.78 3.44 6.66 0.00376 X 

  

Cxcl3-

mRNA 
3.78 2.83 5.05 0.00376 X 

  

Ccl3-

mRNA 
2.58 2.09 3.18 0.00376 X 

  

Cd80-

mRNA 
2.69 2.16 3.36 0.00376 

  

X 

Mmp12-

mRNA 
3.42 2.57 4.54 0.00427 

   

Ccl1-

mRNA 
8.42 5.08 13.9 0.00427 X 

  

Csf2-

mRNA 
12.4 6.76 22.9 0.00427 X 

  

Pf4-mRNA 2.69 2.12 3.42 0.00427 X 
  

Mmp13-

mRNA 
2.98 2.28 3.89 0.00427 

   

Cx3cr1-

mRNA 
0.127 0.0761 0.211 0.00427 X 

  

Il1a-

mRNA 
13.2 6.61 26.6 0.00772 X 

  

Il1rn-

mRNA 
3.29 2.38 4.55 0.00772 X 

  

Vcan-

mRNA 
2.34 1.86 2.95 0.00772 

   

Gzma-

mRNA 
0.312 0.227 0.429 0.00772 

   

Clec7a-

mRNA 
5.98 3.66 9.77 0.00772 X 

  

Ccl9-

mRNA 
2.15 1.73 2.66 0.00821 X 

  

Itgb3-

mRNA 
1.71 1.47 2 0.00929 

   

Nfkb2-

mRNA 
1.22 1.15 1.29 0.00929 

 
X 
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Table S4: Transcriptional changes after BT7480 dosing are detectable in circulating white blood 

cells. Transcripts with Benjamini-Yekutieli p-values <0.05 (compared to vehicle treatment) are 

shown. 
 

  Linear 

fold 

change 

Lower 

confidence 

limit 

(linear) 

Upper 

confidence 

limit 

(linear) 

P-value BY.p.value probe.ID 

BT7480 Il1rl2-

mRNA 
5.11 3.7 7.05 3.03E-08 0.000123 NM_133193.3:860 

Clec4n-

mRNA 
5.91 3.83 9.13 5.48E-07 0.00111 NM_001190320.1:441 

Fcgr2b-

mRNA 
1.93 1.61 2.31 2.78E-06 0.00376 NM_001077189.1:1225 

Tab1-

mRNA 
1.52 1.33 1.74 1.18E-05 0.0108 NM_025609.2:570 

Trem2-

mRNA 
0.323 0.225 0.464 1.48E-05 0.0108 NM_031254.2:646 

Xbp1-

mRNA 
1.58 1.37 1.84 1.59E-05 0.0108 NM_013842.2:825 

Thbd-

mRNA 
0.461 0.356 0.598 2.44E-05 0.0141 NM_009378.3:2845 

Runx1-

mRNA 
1.36 1.22 1.51 5.07E-05 0.0229 NM_001111021.1:3055 

Cd200r1-

mRNA 
1.69 1.4 2.03 5.07E-05 0.0229 NM_021325.3:1090 

Bst1-

mRNA 
2.03 1.57 2.62 6.00E-05 0.0243 NM_009763.3:854 

Cd1d1-

mRNA 
1.62 1.35 1.94 8.55E-05 0.0315 NM_007639.3:1340 

Cd7-

mRNA 
0.439 0.319 0.605 0.000118 0.0398 NM_009854.1:234 

Cd164-

mRNA 
1.24 1.14 1.36 0.000166 0.0475 NM_016898.2:688 

Il12a-

mRNA 
1.84 1.44 2.36 0.000174 0.0475 NM_008351.1:355 

Clec5a-

mRNA 
2.54 1.74 3.7 0.000176 0.0475 NM_001038604.1:605 

Anti-

CD137 
Tab1-

mRNA 
1.8 1.58 2.05 1.78E-07 0.00072 NM_025609.2:570 

Fadd-

mRNA 
1.65 1.4 1.93 1.47E-05 0.0298 NM_010175.5:2641 

Ccl4-

mRNA 
0.301 0.198 0.456 3.62E-05 0.049 NM_013652.1:140 

NB-

BCY 
Tab1-

mRNA 
1.53 1.34 1.74 1.05E-05 0.0426 NM_025609.2:570 
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Table S5: Most of the measured serum cytokines in NHP were below the limit of quantitation 

(BLOQ) in majority of the samples 

Cytokine Majority of 

samples BLOQ 

IFNg  X 

IL1-beta X 

IL-10 X 

IL12p70 X 

IL13 X 

IL17a X 

IL-18 X 

IL-2 X 

IL-23 X 

IL-4 X 

IL-5 X 

IL-6 X 

TNF-alpha X 

IP10 X 

I-TAC X 

MIP-1alpha X 

CD40L X 

GCSF X 

IFN-alpha X 

IL1RA X 

IL-15 X 

IL-7 X 
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Table S6: Sequences and cyclization scaffolds of Bicycle binders used as building blocks for 

tumor-targeted immune cell agonists 

1Nal = 1-napthyl-L-alanine; hArg = L-homoarginine; Hyp = L-hydroxyproline; tBuAla = t-butyl-L-alanine; dX = D-amino acid; 

dK(PYA) = D-Lysine (ε-amine capped with pentynoic acid); Nle = L-nor-Leucine 

  

BCY ID Sequence, Cyclization Scaffold Target 

BCY8116 CP[1Nal][dD]CM[HArg]DWSTP[HyP]WC, TATA Nectin-4 

BCY8928 [Ac]C[tBuAla]PE[dK(PYA)]PYCFADPY[Nle]CA, TATA CD137 

BCY11506 
[Ac][dA][dC][dI][dE][dE]K[dQ][dY][dC][dF][dA][dD][dP][dY][dNle][d

C][dA], TATA 

CD137 

non-binder 

BCY13389 [Ac]C[tBuAla]PE[dK(PYA)]PYCFADPY[Nle]CK, TATA CD137 

BCY11415 CP[1Nal][dD]CM[HArg]D[dW]STP[HyP][dW]C, TATA 
Nectin-4 non-

binder 

BCY12144 
[Ac][dA][dC][dI][dE][dE]K[dQ][dY][dC][dF][dA][dD][dP][dY][dNle][d

C][dK], TATA 

CD137 non-

binder 
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Table S7: Composition of TICAs  

 

BCY ID Nectin-4 

Targeting 

Bicycle 

Immune 

Targeting 

Bicycle  

Format1 

(Tumor: 

Immune) 

Hinge Attachment 

points2 

(Tumor/Immune) 

BT7480 BCY8116 BCY8928 X 2  1:2 N-(acid-PEG3)-

N-bis(PEG3-

azide) 

N-terminus/ 

dLys4(PYA) 

BCY12797 BCY8116 BCY11506 

(nb) X 2 

1:2 N-(acid-PEG3)-

N-bis(PEG3-

azide) 

N-terminus/ 

dLys4(PYA) 

BCY13144 BCY11415(nb) BCY8928 X 2 1:2 N-(acid-PEG3)-

N-bis(PEG3-

azide) 

N-terminus/ 

dLys4(PYA) 

BCY13582 BCY8116 BCY8928, 

BCY13389+ 

Biotin-Peg12 

1:2 N-(acid-PEG3)-

N-bis(PEG3-

azide) 

N-terminus/ 

dLys4(PYA) 

BCY13583 BCY8116 BCY8928, 

BCY13389+ 

AF488 

1:2 N-(acid-PEG3)-

N-bis(PEG3-

azide) 

N-terminus/ 

dLys4(PYA) 

BCY13631 BCY8116 BCY11506 

(nb), 

BCY12144 

(nb) + AF488  

1:2 N-(acid-PEG3)-

N-bis(PEG3-

azide) 

N-terminus/ 

dLys4(PYA) 

BCY15416 - BCY8928 X 2 

+ AF488 

0:2 N-(amine-

PEG2)-N-

bis(PEG3-

azide) 

NA/ dLys4(PYA) 

1Format refers to the ratio of tumor antigen binders to immune receptor binders in final TICA 
2Refers to point of attachment of linker to tumor antigen binder and immune receptor binder, 

respectively 

nb= non-binder 
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