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Figure S1. Structure of RUBY™ bsAb and binding of RUBY™ bsAb to their various antigen
targets as measured by ELISA. (A) Chain 1 consists of the IgG heavy chain (dark green and grey), a
short polypeptide linker and the light chain of the additional Fab fragment (light turquoise), chain 2 is
a light chain (light green) that binds to the VH and CH1 domains of the IgG part and chain 3 is a short
heavy chain (dark turquoise) that binds to the light chain appended to the IgG. (B) Dual ELISA
showing simultaneous binding of CD40xEpCAM RUBY™ bsAb to its respective antigen targets.
ELISA plates were coated with human CD40, bsAb was added followed by detection using
biotinylated EpCAM. (C) Dual ELISA showing simultaneous binding of CD40xCEA RUBY™ bsAb
to its respective antigen targets. ELISA plates were coated with human CEACAM5, bsAb was added
followed by detection using biotinylated CD40. (D) Mono ELISA showing binding of GFPxEpCAM
control RUBY™ bsAb to human EpCAM. ELISA plates were coated with human EpCAM, bsAb was
added followed by detection using goat anti human-kappa light chain-HRP. (E) Mono ELISA showing
binding of cynoCEAxCD40 RUBY™ bsAb to human CD40. ELISA plates were coated with human
CD40 followed by addition of cynoCEAxCD40 RUBY™ bsAb and detection using goat anti
human-kappa light chain-HRP. (F). Mono ELISA showing binding of cynoCEAxCD40 RUBY™
bsAb to human CEACAM5. ELISA plates were coated with human CEA followed by addition of
cynoCEAxCD40 RUBY™ bsAb and detection using goat anti human-kappa light chain-HRP. In
summary, Bispecific antibodies were successfully generated in the RUBY™format and the generated
bsAbs displayed good binding to their respective antigen targets as illustrated by the ELISA binding
evaluations.
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LLOQ = 37.5 pg/mL

Figure S8. Data from NHP study. A) B cell activation of the cynoCEAxCD40 RUBY™ on
cynomolgus and human B cells in the presence of CEA transfected cells (macaque CEA,
NP_001040590.1). Primary cynomolgus B cells were cultured with titrated antibodies in the presence
CEA expressed on CHO cells. After 2 days, expression of CD86 on B cells was analyzed by FACS.
The graphs show pooled data from two cynomolgus and four human donors. The data demonstrate
that CEAxCD40 bsAbs in the RUBY™ format induce upregulation of CD86 on cynomolgus and
human B cells to a similar degree. The CEA-conditional activation of CD40 on cynomolgus B cells
and human B cells is similar to what is observed with the human CEAxCD40 bsAb in RUBY ™ used
for the in vitro assays (See Figure 1 in manuscript). The cynoCEAxCD40 bsAb binds with similar
affinity to human and cynomolgus monkey CEA (hCEA vs cCEA, right panel). In B) and C) key data
from the toxicology assessment in cynomolgus monkey is presented. The cynoCEAxCD40 bispecific
antibody was administered once weekly via intravenous infusion for 2 weeks to cynomolgus monkeys
at two different dose levels (10 mg/kg and 37.5 mg/kg). One female and one male were evaluated at
each dose level. B) Data on L-aspartate aminotransferase (ASAT) and L-alanine aminotransferase
(ALAT) and C) levels of IL-6 and TNFalpha over time. In addition, plasma levels for the following
cytokines were measured by a bead-based multiplex immunoassay: IL-2, IL-6, IL-8, IL-10, MCP-1,
IFN-γ and TNF-α. The conclusion from the study was that there were no findings associated with
cyoCEAxCD40 bsAb at the evaluated dose levels.
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Supplementary Table 1: Antibodies used for flow cytometry.
Antigen Fluorophore Clone Company

Human targets
CD19 PECy7 SJ25C1 BD Biosciences
CD86 APC 2331 BD Biosciences
CD1a FITC HI149 BD Biosciences
CD14 PE MφP9 BD Biosciences

HLA-DR PerCPCy5.5 G46-6 BD Biosciences
HLA-DR BV711 G46-6 BD Biosciences

CD45 APCH7 2D1 BD Biosciences
CD11c BV510 B-ly6 BD Biosciences
XCR1 PE S15046E BioLegend
CD1C BV786 L161 BioLegend
CD14 FITC TÜK4 Invitrogen
CD19 PerCP Cy5.5 HIB19 BD Biosciences
CD20 PerCP Cy5.5 2H7 BD Biosciences
CD86 BV605 IT2.2 BioLegend
CD40 PE-Cy7 5C3 BD Biosciences

CEA (CD66e) APC REA876 Miltenyi Biotec
CEA (CD66abce) PE B1.1/CD66 BD Biosciences

EpCAM APC EBA-1 BD Biosciences
Murine targets

CD11b FITC M1/70 BD Biosciences
CD19 FITC 1D3 BD Biosciences

MHC II (I-A/I-E) FITC 2G9 BD Biosciences
MHC II (I-A/I-E) BV421 M5/114.15.2 BioLegend

CD3 PE 145-2C11 BD Biosciences
CD3 PECy7 145-2C11 BD Biosciences
CD4 PECy7 RM4-5 BD Biosciences
CD4 BV510 RM4-5 BD Biosciences
CD8b BV510 H35-17.2 BD Biosciences
CD8a PerCPCy5.5 53-6.7 BD Biosciences
NK1.1 FITC PK136 Invitrogen
NK1.1 BV421 PK136 BioLegend
Ter119 FITC TER-119 BioLegend
CD11c PE HL3 BD Biosciences

CD45R/B220 PerCPCy5.5 RA3-6B2 BD Biosciences
Ly6G FITC 1A8 BD Biosciences
CD45 BV510 30-F11 BD Biosciences
CD45 PE 30-F11 BD Biosciences
CD64 PECy7 X54-5/7.1 BioLegend
CD86 PerCPCy5.5 GL-1 BioLegend
CD19 APC 1D3/CD19 BioLegend
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Supplementary Table 2 Receptor quantification

Cell line Celltype CEA/cell
LOVO Human 5,500
HT29 Human 11,300
LS174T Human 51,500
MKN45 human 353,000
MC38-CEA1 Mouse (transfected) 300,000
MB49-CEA Mouse (transfected) 219,000
CHO-CEA Human (transfected) 125,000

Cell line Celltype EpCAM/cell
BxPC3 Human 260,000
JAR Human 2,200,000
MCF7 Human 1,500,000
JEG3 human 2,400,000
MB49-EpCA
M

Mouse (transfected) 230,000

CHO-EpCAM Human (transfected) 350,000

The receptor density was determined using a receptor density kit (Quantum Simply Cellular,
anti-human IgG) according to manufacturer’s instructions.

Supplementary Table 3 Summary of 1:1 kinetic profiles of CD40xCEA and
CD40xEpCAM RUBY™ bsAbs

bsAb ID
CD40 affinity TAA affinity

KD (M) kon (1/Ms) koff (1/s) KD (M) kon (1/Ms) koff (1/s)
CD40xCEA #1 9.7E-08 4.5E+05 4.4E-02 1.8E-08 2.4E+05 4.3E-03
CD40xCEA #2 9.7E-08 4.5E+05 4.4E-02 2.1E-09 2.4E+05 4.2E-04
CD40xEpCAM
#1 1.9E-06 1.1E+05 2.1E-01 4.8E-07 2.0E+04 1.0E-02
CD40xEpCAM
#2 9.7E-08 4.5E+05 4.4E-02 4.8E-07 2.0E+04 1.0E-02

CD40xCEA #1 and CD40xEpCAM #1 are used within the manuscript in all experiments except in
supplementary Fig 10.
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Material and methods
Generation and binding evaluation of RUBY™ bispecific antibodies

Bispecific antibodies targeting CD40xEpCAM (anti-CD40 x anti-EpCAM), CD40xCEA (anti-CD40 x
anti-CEA), cynoCEA x CD40 (anti-cynoCEA x anti-CD40) and the control GFPxEpCAM (anti-GFP
x anti-EpCAM) bsAbs were generated in the RUBY™ format. The CD40 targeting domains of
RUBY™ CD40xEpCAM was isolated from Alligator’s proprietary antibody libraries. The EpCAM
binding domain MT110 (seq 63 patent US 8076459 B2) was used for EpCAM bsabs. The CD40
binding domains of the CD40xCEA and cynoCEAxCD40 bsAbs were generated using FIND
technology [1].￼ The CEA binding domain was isolated from the Alligator’s proprietary antibody
libraries whereas the cynomolgus CEA binding domain of cynoCEAxCD40 originates from the
human/cynomolgus cross reactive antibody MAb2 (WO 2014/079886 A1). The GFP binding domain
of the isotype control was isolated from Alligator’s proprietary antibody libraries. RUBY™ bsAb
were transiently expressed in Expi293 (Life technologies, US) cells following the manufacturer’s
instructions except for adding transfection enhancers 1 and 2 to cell cultures on the same day of
transfection. The cells were transfected with three different vectors encoding separately for each of the
three polypeptides chains shown in Figure S1 A. Protein A MabSelectSure columns (GE Healthcare,
US) connected to the NGC Medium-Pressure Chromatography System (BioRad, US) were used to
purify RUBY bsAbs from supernatants.

Generation of the RUBY™ bsAbs was followed by ELISA studies to assess binding of the produced
bsAbs to their respective antigens as shown in Figure S1 B, C, D, E and F. For the CD40xEpCAM
and CD40xCEA bsAbs, a dual ELISA was performed. Plates were coated with 0.5 μg/mL human
CEACAM5 (4128-CM, R&D Systems) or human CD40 (1493-CD, R&D Systems), in PBS over
night at 4°C. After washing in PBS/0.05% Tween 20 (PBST), the plates were blocked with PBS/2%
BSA for at least 30 minutes at room temperature before being washed again. CD40xEpCAM and
CD40xCEA bsAbs serially diluted in PBS/0.5% BSA were then added and allowed to bind for at least
1 hour at room temperature. After washing, plates were incubated with 0.5 μg/mL biotinylated CD40
(504-030, Ancell) or EpCAM (10694 H02H-B, SinoBiological) for at least 1 hour at room
temperature. Dual complexed bsAb with respective antigens were detected with HRP-labelled
streptavidin (21126, Pierce) followed by addition of substrate SuperSignal Pico Luminescent (Thermo
Fischer Scientific, US) and luminescence signal measurement using Fluostar Optima (BMG Labtech,
Germany). Furthermore, a mono ELISA was performed for the GFPxEpCAM control bsAb. Plates
were coated with 0.5 μg/mL human EpCAM in PBS over night at 4°C. After washing in PBS/0.05%
Tween 20 (PBST), the plates were blocked with PBS/2% BSA for at least 30 minutes at room
temperature, washed again before adding GFPxEpCAM bsAb serially diluted in PBS/0.5% BSA and
incubating for at least 1 hour at room temperature to allow binding. This was followed by washing
and incubation with goat anti human-kappa light chain-HRP (diluted 1:5000) for at least 1 hour at
room temperature. The final wash was followed by addition of substrate SuperSignal Pico
Luminescent (Thermo Fischer Scientific, US) and luminescence signal measurement using Fluostar
Optima (BMG Labtech, Germany). A similar mono ELISA set up was utilized to evaluate
cynoCEAxCD40 bsAb binding to either human CEACAM5 or human CD40.

Affinity measurements
Kinetic measurements were performed in the Octet RED96 platform with bispecific antibodies
captured to anti human IgG Fc Capture (AHC) or FAB2G Biosensor tips (Sartorius). Monomeric
human CD40-His-Avi tag (Acro Biosystems), monomeric human CEACAM5-His (R&D Systems) or
monomeric human EpCAM-His (R&D Systems) were ½ serially diluted in 1x kinetic buffer
(Sartorius) starting at 500nM or 100nM. Binding kinetics was studied in 1x kinetic buffer where
association was allowed for 100 to 300 sec followed by dissociation for 100 to 3600 sec. Sensor tips
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were regenerated with 10mM Glycine pH 1.7. Data generated were referenced by subtracting blank or
parallel buffer blank, the baseline was aligned to the y-axis, inter-step correction by alignment against
dissociation was performed and the data was smoothed by Savitzky-Golay filter in the data analysis
software (v9.0.0.14). The processed data was fitted using a 1:1 Langmuir binding model.

Immunohistochemistry assessment of CEA expression and human IgG in MC38-CEA
tumors
Human CD40 transgenic mice were inoculated with MC38-hCEA tumor cells (MC-38-CEA-2,
Kerafast) s.c. and were administered with 100 µg anti-CD40 antibody or a molar equivalent dose (167
µg) CD40xCEA bsAb or Isotype bsAb i.p. on days 10 and 13. On day 14, tumors were dissected and
frozen using liquid nitrogen. 8 mm cryosections were prepared, fixed in acetone and stained with
hematoxylin and either rabbit anti-human IgG antibody (Jackson ImmunoResearch) for assessment of
human antibody presence, or FITC conjugated mouse anti-CEA non-commercial antibody (obtained
from MicroMorph) for assessment of CEA expression. Human IgG staining was detected using
anti-rabbit Bright Vision HRP (Immunologic), while CEA staining was detected using secondary
rabbit anti-FITC (Bio-Rad) followed by anti-rabbit Bright Vision HRP (Immunologic). Sections were
mounted and analyzed in a Leica DMRX-e microscope and representative images taken.

Expansion of OVA-specific T cells in tumor-draining lymph nodes
Human CD40 transgenic mice were inoculated with 0.25 x 106 MB49-EpCAM-OVA cells on day 0.
On day 17, the mice were adoptively transferred with OT-1 T cells isolated as described above,
followed by treatment with PBS, CD40xEpCAM bsAb or anti-CD40 mAb on day 18. On day 19,
mice were treated with FTY720 (Cayman Chemical) i.p. to prevent egress of T cell from lymph
nodes. On day 21, tumor-draining lymph nodes were collected, passed through 70 µm cell strainers to
generate single cell suspensions, and the presence of OT-1 T cells was analyzed by flow cytometry
using a FACSVerse (BD Biosciences). In total, 4 experiments were performed.

Evaluation of a cynoCEAxCD40 RUBY™ bsAb in cynomolgus monkey
In vitro assessment
A cynomolgus/human CEA cross reactive cynoCEAxCD40 bsAb was generated in the RUBY™
format (see supplementary material section 1). The agonistic effect of cynoCEAxCD40 RUBY™ was
assessed both in a human and cynomolgus B cell assay. Briefly, B cells were isolated from either
cynomolgus or human peripheral blood mononuclear cells by MACS according to the manufacturer’s
protocol (Miltenyi Biotec). Macaque and human CEACAM5 transfected CHO cells were UV
irradiated and seeded in tissue culture treated 96 well flat bottom plates (Eppendorf). B cells were
cocultured with CHO cells in the presence of 10 ng/ml IL-4 (Gibco) and titrated concentrations of
CD40-CEA bispecific antibody. After 2 days, B cells were harvested and expression level of the
activation marker CD86 was analyzed by FACS.

Toxicology assessment in cynomolgus monkey
The cynoCEAxCD40 RUBY™ bispecific antibody was administered once weekly via intravenous
infusion for 2 weeks to cynomolgus monkeys at two different dose levels (10 mg/kg and 37.5 mg/kg).
One female and one male were evaluated at each dose level. All animals were submitted for necropsy
on Day 11 (Terminal Euthanasia). Animals were subjected to a complete necropsy examination, which
included evaluation of the carcass and musculoskeletal system; all external surfaces and orifices;
cranial cavity and external surfaces of the brain; and thoracic, abdominal, and pelvic cavities with
their associated organs and tissues. Plasma levels for the following cytokines were measured by a
bead-based multiplex immunoassay: IL-2, IL-6, IL-8, IL-10, MCP-1, IFN-γ and TNF-α.
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