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ABSTRACT

T cell engagers represent a novel promising class of cancer-immunotherapies redirecting T cells to tumor
cells and have some promising outcomes in the clinic. These molecules can be associated with a mode-of-
action related risk of cytokine release syndrome (CRS) in patients. CRS is characterized by the rapid release
of pro-inflammatory cytokines such as TNF-q, IFN-y, IL-6 and IL-13 and immune cell activation eliciting
clinical symptoms of fever, hypoxia and hypotension. In this work, we investigated the biological
mechanisms triggering and amplifying cytokine release after treatment with T cell bispecific antibodies
(TCBs) employing an in vitro co-culture assay of human PBMCs or total leukocytes (PBMCs + neutrophils)
and corresponding target antigen-expressing cells with four different TCBs. We identified T cells as the
triggers of the TCB-mediated cytokine cascade and monocytes and neutrophils as downstream amplifier
cells. Furthermore, we assessed the chronology of events by neutralization of T-cell derived cytokines. For
the first time, we demonstrate the contribution of neutrophils to TCB-mediated cytokine release and
confirm these findings by single-cell RNA sequencing of human whole blood incubated with a B-cell
depleting TCB. This work could contribute to the construction of mechanistic models of cytokine release
and definition of more specific molecular and cellular biomarkers of CRS in the context of treatment with
T-cell engagers. In addition, it provides insight for the elaboration of prophylactic mitigation strategies
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that can reduce the occurrence of CRS and increase the therapeutic index of TCBs.

Introduction

T cell bispecific antibodies (TCBs) or T cell engagers are
bispecific antibodies capable of simultaneously binding
a tumor-associated antigen (TAA) and the T cell receptor,
which trigger T cell activation, proliferation, cytokine secretion
and cytotoxicity toward tumor cells." We have previously
described cibisatamab (CEA-TCB) and glofitamab (CD20-
TCB) which harbor a 2+1 format with one binder for the
CD3e chain of the T cell receptor and two binders for the
CEA or CD20 antigen.> * Their Fc region has been engineered
with a P329G LALA mutation, preventing FcyR signaling with-
out affecting functional binding to FcRn maintaining an IgG-
like half-life.>”” TCBs represent an accessible “off the shelf’
alternative to Chimeric Antigen Receptor (CAR) T cells to
eliminate tumors.*”"

One of the major on-target safety liabilities associated with
the use of TCBs is cytokine release, which can be excessive and
initiate a cytokine release syndrome (CRS) early after
treatment.'®'*'> CRS is characterized by the clinical symptoms
such as fever, hypotension and respiratory insufficiency, which
are associated with a release of pro-inflammatory cytokines
such as IL-6, IL-1f and TNF-a.'®"" Clinicians have agreed on
an ASTCT (American Society for Transplantation and Cellular

Therapy) consensus to diagnose CRS severity at the patient's
bedside and recommend treatment for syndrome
management.'®'” Current approaches to manage CRS rely on
glucocorticoids but also inhibition of IL-6R with tocilizumab,
and blocking IL-6 with siltuximab are applied.'®** If the
symptoms do not resolve, patients receive supportive care to
stabilize blood pressure and oxygen saturation (e.g. adminis-
tration of vasopressors or oxygen). Dose-escalating regimens
are also used to prevent the risk of high grade CRS for T cell
engagers entering the clinic.”” Nevertheless, CRS still remains
the dose-limiting toxicity associated with T-cell engaging
therapies. This highlights the importance of better understand-
ing the biological mechanisms and biomarkers involved in CRS
in order to develop prophylactic treatments or build models
that guide step-up dosing schedules.”* Therefore, we investi-
gated the key cellular and molecular “triggers” and “amplifiers”
involved in the cascade of TCB-mediated cytokine release.

To dissect in further detail the sequence of events in this
cytokine release cascade, we used an in vitro T-cell dependent
cellular cytotoxicity model (“TDCC”). In this system, periph-
eral blood mononuclear cells (PBMCs), monocyte-depleted
PBMCs or total blood leukocytes (PBMCs and neutrophils)
as effector cells were co-cultured with target cells expressing

CONTACT Gabrielle Leclercq @ gabrielle.leclercq@roche.com @ Wagistrasse 10 Schlieren, Zurich 8952, Switzerland.

@ Supplemental data for this article can be accessed on the publisher's website
© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0003-0576-0546
http://orcid.org/0000-0002-4168-060X
http://orcid.org/0000-0002-6820-2712
http://orcid.org/0000-0001-8206-2771
http://orcid.org/0000-0001-7594-7280
https://doi.org/10.1080/2162402X.2022.2039432
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2022.2039432&domain=pdf&date_stamp=2022-02-14

20394322 (&) G.LECLERCQET AL.

tumor-associated antigens (TAAs) in the presence of a TCB.
We used four different 2+1 format TCBs directed to solid
tumor surface antigens (CEA, FolR1, Tyrpl) or an hematolo-
gical tumor antigen, CD20. To clearly assess the role of neu-
trophils in cytokine release, we used a transcriptomic analysis
by single-cell RNA sequencing of human whole blood treated
with CD20-TCB.

In line with the findings of Li et al. and Godbersen-Palmer
et al., we identified T cells as the trigger of the cytokine release
induced by T cell engagers and monocytes as amplifier cells
producing TNFa, IL-6 and IL-1B.>>*° Furthermore, our study
highlights for the first time the contribution of neutrophils to
TCB-mediated cytokine release. Finally, our results also pro-
vide additional evidence that TCB-mediated cytokine release
can be counteracted by treatment intervention targeted against
T cell-derived cytokines, to mitigate CRS.

Material and methods
Antibodies

The 2 + 1 T cell bispecific antibodies are IgG1l-based with
bivalent binding entities to a target antigen and monovalent
binding to the CD3e chain of the T cell receptor. They have
a silent Fc region engineered with a P329G LALA mutation,
which prevents binding to the FcyR. DP47-TCB used as
a control has the same IgG1-based format but bears two non-
binding active binders in place of the target antigen binders.
DP47-TCB, Tyrpl-TCB, CEA-TCB, FolR-TCB and CD20-
TCB were produced internally. The commercial compounds
adalimumab and tocilizumab were used to block TNF-a and
IL-6, respectively. The anti-IFN-y blocking antibody was pur-
chased from BioXcell (BE0245).

Cell lines

CHO cells were engineered to stably express the Tyrp1, FolR or
CEA antigen on the cell surface under Puromycin selection.
CHO cells were cultured as adherent cells in T flasks (TTP),
harvested with Trypsin (Gibco) and passaged twice per week at
a density of 20 000 cells/cm® in DMEM/F12 medium (Gibco)
containing 10% FBS (Gibco) and supplemented with 6 ug/mL
Puromycin.

MKN45- and NucLight Red (NLR)-labeled MKN45 cells are
human gastric cancer cell lines used as target cells in TDCC
assays with CEA-TCB (DMSZ). MKN45 cells are adherent
cells, harvested with Trypsin (Gibco) and passaged twice per
week at a density of 60 000 cell/cm? in RPMI Glutamax (Gibco)
containing 10% FBS (Gibco).

PBMCs isolation

Human fresh blood was collected from anonymous healthy
volunteers through the Roche internal employee donation pro-
gram. Buffy coats were collected from anonymous healthy
volunteers through the Ziirich blood donation center, in accor-
dance with the declaration of Helsinki. PBMCs were isolated
from fresh whole blood or buftfy coat by density gradient
centrifugation. A 20-25 mL of fresh blood or diluted buffy

coat (1:2, PBS) was layered on 15 mL of Ficoll (Stemcell) in
50 mL tubes. Tubes were centrifuged at 2000 rpm for 30 min at
RT without braking. The PBMC layer was removed, washed in
PBS and centrifuged 3 times for 5 min at 1700 rpm, 1400 rpm
and 1100 rpm (RT) to remove the remaining Ficoll. The
PBMCs were washed again and centrifuged at 800 rpm (RT)
for 10 min to remove remaining platelets. The PBMCs were
counted using a Beckmann Coulter cell counter and diluted in
medium to the targeted cell concentration.

Monocyte depletion

Monocyte-depleted PBMCs were isolated from fresh whole
blood using RosetteSep’ ™ human monocyte depletion cocktail
(Stemcell). Fresh blood was first incubated with an antibody
cocktail (50 uL/mL of blood sample, 20 min, RT) which targets
monocytic surface markers and crosslinks them together with
red blood cells (RBC). Monocytes sediment together with
RBCs at the bottom of the tube after density gradient centri-
fugation. The monocyte-depleted PBMC fraction was collected
and the cells were washed 4 times as described above to remove
any remaining Ficoll and platelets.

Isolation of total leukocytes

Total leukocytes were isolated from fresh whole blood by
magnetic removal of RBCs using the EasySep™™ RBC depletion
kit (Stemcell). Fresh whole blood was diluted 1:2 in PBS with
6 mM EDTA. 10 mL diluted fresh whole blood was incubated
together with beads targeting RBCs (50 pL/mL of undiluted
blood volume) in a 14 mL polystyrene tube (BD) using
a magnetic tube holder (EasyEights™, Stemcell) for 5 min at
RT. The cell suspension was carefully pipetted out and poured
into a new 14 mL polystyrene tube. RBC magnetic isolation
was then repeated three times (5 min, RT). The clear yellowish
cell suspension was then collected and placed for 5 min in the
magnetic tube holder to remove the remaining magnetic beads,
washed with PBS twice by centrifugation at 800 rpm, for
10 min (RT) to remove the platelets. The total leukocytes
were counted using a Beckmann Coulter cell counter and
diluted in medium to reach the same lymphocyte concentra-
tion as in the PBMC preparation.

In vitro T cell dependent cellular cytotoxicity assays

One day before the assay, the target cells (MKN45 or trans-
fected CHO cells) were plated in flat-bottomed 96-well plates
(TPP) at a concentration of 25000 cells/well in 100 pL of
culture medium. On day 0, it was replaced with 100 uL of
fresh medium and 50 puL of a stock solution containing
6.0 x 10° lymphocytes/mL was placed in each well (300 000
lymphocytes/well, effector cells: target cells (E:T) = 10:1). For
each antibody, a series of eight dilutions (1:10) was prepared
and 50 pL was transferred to each well. At the 24 hrs and/or 48
hrs endpoints, the plates were centrifuged and supernatants
were collected to measure LDH release (75 pL, RT) and cyto-
kines (75 uL, stored at —80°C). The effector cells were washed
twice in 100 pL PBS (1500 rpm, 5 min, RT) and stained for flow
cytometry analysis.



In vitro TDCC assays in IncuCyte

For TDCC assays with 5000 adherent NLR-labeled
MKN45 cells/well, the assay medium was replaced with
fresh medium (100 puL/well) and 50 000 effector cells/well
(50 pL) were transferred to obtain a final E:T ratio of
approximatively 10:1. The antibody solutions (50 pL)
were then added to initiate killing. The assay plates were
covered with lids, and placed in the incubator or IncuCyte
at 37°C, 5% CO2 (1 scan every 3 hrs, zoom 10x, phase and
red, 400 ms acquisition time).

Cytokine analysis

Cytokines were analyzed in the TDCC assay supernatants
(stored at —80°C) using the Luminex technology with
a human8Plex Assay kit (Biorad) and additional IL-1f
and MCP-1 beads. Pre-diluted supernatants were incu-
bated with beads for 1 hr and then centrifuged at
800 rpm. The plate was washed with wash buffer and
detection antibodies were added for 1 hr before centrifu-
gation at 800 rpm. The plate was washed again and strep-
tavidin was added for 1 hr before centrifugation at
800 rpm. After another washing, samples were re-
suspended in assay buffer before being measured by fluor-
escence reading using a Luminex plate reader from Biorad.
Data were analyzed using the Biorad Bio-Plex Software.

Intracellular cytokine staining

After 4-6 hrs of TCB stimulation, 20 uL of medium con-
taining 1/150 (final dilution: 1/1500) Brefeldin
A (Golgiplug, BD) and 1/100 (final dilution: 1/1000)
Monensin A (Golgistop, BD) were added in each well to
block cytokine secretion for 12-14 hrs. The PBMCs were
collected, and washed twice in PBS by centrifugation at
1500 rpm for 5 min (RT). 1/50 Fc-blocker solution (True
Monocyte Staining, Biolegend) was added and incubated
for 20 min at RT in the dark to prevent nonspecific
staining. The PBMCs were washed in PBS and centrifuged
for 5 min at 1500 rpm (RT) and stained for 30 min at 4°C
in the dark for the following surface markers: CD19 (paci-
fic blue, Biolegend), CD4 (FITC, Biolegend), CD8 (BV605,
Biolegend), CD14 (BV711, Biolegend), CD16 (BUV735,
BD) and live dead (aqua zombie, Biolegend) in PBS. The
PBMCs were fixed with BD Cytofix/Cytoperm (BD) (80
uL/well, 30 min at 4 C). The PBMCs were washed with
PBS, centrifuged and washed again with Perm/Wash buffer
(BD) and incubated in Perm/Wash buffer (30 min, 4°C, no
light). Perm/Wash buffer containing antibodies to IL-6
(PE, Biolegend), IL-1p (Alexa 647, Biolegend), TNF-a
(APC-Cy7, Biolegend) and IFN-y (BUV737, BD) was
added (50 uL/well) and incubated for 30 min at 4°C in
the dark. The PBMCs were washed with Perm/Wash bufter
and with FACS buffer and re-suspended in 100 pL FACS
buffer. Data acquisition was performed using a BD
Fortessa flow cytometer and the DIVA software.
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Target cell killing - LDH release

CytoTox-Glo™ (Promega) cytotoxicity assay was used to mea-
sure LDH release as a reporter of target cell killing. A 75 pL of
supernatants was collected in a 96-well white plate and 25 uL of
CytoTox-Glo reagents was added in each well. The plate was
agitated for 15 minutes, 600 rpm, RT and luminescence was
measured using a Perkin Elmer plate reader. Relative
Luminescence Units (RLU) were then reported against the
TCB concentration.

Flow cytometry analysis

After stimulation, PBMCs, monocyte-depleted PBMCs or total
leukocytes were washed twice in PBS before centrifugation at
1500 rpm for 5 min (RT) and stained for the following surface
markers: CD45 (Alexa fluor 700, Biolegend) CD4 (FITC,
Biolegend), CD8 (BV605, Biolegend), CD25 (BUV395, BD),
CD69 (APC-Cy7, Biolegend) and live dead (aqua zombie,
Biolegend) for 30 min at 4°C in FACS buffer. The staining of
TNFR1 and TNFR2 on T cells and monocytes was conducted
using the following antibodies: CD4 (FITC, Biolegend), CD8
(BV605, Biolegend), CD14 (BV711, Biolegend), CD16
(BUV735, BD), CD120a (APC, Biolegend), CD120b (PE,
Biolegend). Antibodies to CD16 (BUV395, BD), CD11b (Pe-
Cy7, Biolegend) and CD62L (APC-Cy7, Biolegend) were used
to analyze the phenotype of neutrophils. After staining, the
cells were washed twice in FACS buffer and re-suspended in
100 pL/well FACS buffer for analysis. Acquisition was per-
formed using a BD Fortessa coupled to an HTS platform.

Data analysis

Flow cytometry data were analyzed using Flowjo V10.
Cytokine data were analyzed using the Bio-Plex software
from Biorad. GraphPad Prism 8 was used to generate the
graphs and for statistical analysis. ECs, values were determined
using nonlinear regression curves, variable slope fit (four para-
meters) and least-square fit. For dose-titration curves, areas
under the curves were calculated and used for statistical com-
parison. Data are shown as means with SD or SEM or as
individual curves. The statistical tests used are indicated in
the figure legends for each experiment.

Single cell RNA sequencing of whole blood

Whole blood from four donors was treated with 0.2 pg/mL
CD20-TCB, or incubated in the absence of CD20-TCB. At
baseline (before addition of TCB) and assay endpoints (2, 4,
6, and 20 hrs), blood was collected for total leukocyte isolation
using EasySep'™ red blood cell depletion reagent (Stemcell).
Briefly, cells were counted and processed for single-cell RNA
sequencing using the BD Rhapsody platform. To load several
samples on a single BD Rhapsody cartridge, sample cells were
labeled with sample tags (BD Human Single-Cell Multiplexing
Kit) following the manufacturer’s protocol prior to pooling.
Briefly, 1 x 10° cells from each sample were re-suspended in
180 pL FBS Stain Buffer (BD, PharMingen) and sample tags
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were added to the respective samples and incubated for 20 min
at RT. After incubation, two successive washes were performed
by addition of 2 mL stain buffer and centrifugation for 5 min at
300 g. Cells were then re-suspended in 620 puL cold BD Sample
Buffer, stained with 3.1 pL of both 2 mM Calcein AM (Thermo
Fisher Scientific) and 0.3 mM Draq7 (BD Biosciences) and
finally counted on the BD Rhapsody scanner. Samples were
then diluted and/or pooled equally in 650 uL cold BD Sample
Buffer. The BD Rhapsody cartridges were then loaded with up
to 40 000-50 000 cells. Single cells were isolated using Single-
Cell Capture and ¢cDNA Synthesis with the BD Rhapsody
Express Single-Cell Analysis System according to the manufac-
turer’s recommendations (BD Biosciences). cDNA libraries
were prepared using the Whole Transcriptome Analysis
Amplification Kit following the BD Rhapsody System mRNA
Whole Transcriptome Analysis (WTA) and Sample Tag
Library Preparation Protocol (BD Biosciences).

Indexed WTA and sample tag libraries were quantified and
quality controlled on the Qubit Fluorometer using the Qubit
dsDNA HS Assay, and on the Agilent 2100 Bioanalyzer system
using the Agilent High Sensitivity DNA Kit. Sequencing was
performed on a Novaseq 6000 (Illumina) in paired-end mode
(64-8-58) with Novaseq6000 S2 v1 or Novaseq6000 SP v1.5
reagent kits (100 cycles).

Single cell RNA sequencing data analysis

Sequencing data was processed using the BD Rhapsody
Analysis pipeline (v 1.0 https://www.bd.com/documents/
guides/user-guides/GMX_BD-Rhapsody-genomics-
informatics UG_EN.pdf) on the Seven Bridges Genomics plat-
form. Briefly, read pairs with low sequencing quality are first
removed and the cell label and UMI identified for further
quality check and filtering. Valid reads are then mapped to
the human reference genome (GRCh38-PhiX-gencodev29)
using the aligner Bowtie2 v2.2.9, and reads with the same cell
label, same UMI sequence and same gene are collapsed into
a single raw molecule while undergoing further error correc-
tion and quality checks. Cell labels are filtered with a multi-step
algorithm to distinguish those associated with putative cells
from those associated with noise. After determining the puta-
tive cells, each cell is assigned to the sample of origin through
the sample tag (only for cartridges with multiplex loading).
Finally, the single-cell gene expression matrices are generated
and a metrics summary is provided.

After pre-processing with BD’s pipeline, the count matrices
and metadata of each sample were aggregated into a single data
object and loaded into the besca v2.3 pipeline for the single-cell
RNA sequencing analysis.>” First, we filtered low-quality cells
with less than 200 genes, less than 500 counts or more than
30% of mitochondrial reads. This permissive filtering was used
in order to preserve the neutrophils. We further excluded
potential multiplets (cells with more than 5,000 genes or
20,000 counts), and genes expressed in less than 30 cells.
Normalization, log-transformed UMI counts per 10,000 reads
[log(CP10K+1)], was applied before downstream analysis.
After normalization, technical variance was removed by regres-
sing out the effects of total UMI counts and percentage of
mitochondrial reads, and gene expression was scaled. The

2,507 most variable genes (having a minimum mean expres-
sion of 0.0125, a maximum mean expression of 3 and
a minimum dispersion of 0.5) were used for principal compo-
nent analysis (PCA). Finally, the first 50 PCs were used as input
for calculating the 10 nearest neighbors and the neighborhood
graph was then embedded into the two-dimensional space
using the UMAP algorithm.”® Cell clustering was performed
using the Leiden algorithm at a resolution of 2.*

Cell-type annotation was performed using the Sig-annot
semi-automated besca module, which is a signature-based
hierarchical cell annotation method.”® To identify neutrophils,
this signature was used: ELANE, MPO, PRTN3, CTSG, AZU1
and FCGR3B. FCGR3B was the most expressed gene and highly
specific, together with negative expression of other lineage
markers such as CD3D or CD79A. Finally, neutrophils were
selected in order to generate further visualizations, such as the
expression level of selected cytokines across conditions, by
using a custom script with mainly besca and scanpy functions.

Results

T cell activation and target cell killing are associated with
cytokine release upon first TCB stimulation

In an in vitro TDCC assay using PBMCs as effector cells,
treatment with CEA-TCB resulted in a rapid dose-dependent
T cell activation, as indicated by CD69 and CD25 upregulation
on CD4" and CD8" T cells after 24 hrs, concomitant with the
killing of MKN45 tumor cells [Figure 1(a,b)]. The negative
control DP47-TCB bearing two non-binding active domains
in place of the CEA binder did not produce these effects,
revealing dependence on target engagement. Subsequently,
IL-2, IFN-y, TNF-a, IL-6, IL-1P and IL-8 were detected in the
supernatants of the CEA-TCB TDCC assays [Figure 1(c)].

As these cytokines are elevated in the serum of patients
treated with TCBs and developing CRS, the TDCC assay sys-
tem appears as a relevant assay system for mechanistic studies
of TCB-mediated cytokine release.'” ECs, values for T cell
activation measured by expression of CD25 on CD4" and
CD8" T cells, for target cell killing and for cytokine release
were calculated for CEA-TCB as well as for two other TCBs,
Tyrpl- and FolR-TCB [Figure 1(d)]. FolR-TCB, which is the
most potent of these TCBs, had the lowest ECs for these three
parameters followed by Tyrpl-TCB and finally CEA-TCB
[Figure 1(d)]. For all three TCBs, the ECs, values indicate
that target cell killing is a more sensitive parameter than
T cell activation and cytokine release, suggesting that there
are dose windows at which TCBs induce killing while not
triggering cytokine release [Figure 1(d)]. This observation is
also used for a MABEL starting dose selection.”

To model a repeated TCB treatment, PBMCs harvested 4 d
after a first stimulation were re-stimulated with CEA-TCB in
the presence of fresh NLR-labeled MKN45 tumor cells. The
real-time tumor cell killing was followed by Incucyte. After
the second stimulation, the kinetics of tumor cell killing
remained the same as after the first stimulation [Figure 1(e)].
However, IFN-y, IL-2, IL-10, TNF-a, and IL-6 levels detected
4 d after the second stimulation were significantly lower than
4 d after the first one, reflecting clinical experience with step-up
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Figure 1. Cytokine release is associated with TCB-induced T cell activation and cytotoxicity upon first stimulation. PBMCs were stimulated with CEA-TCB in
a TDCC assay using MKN45 target cells (E:T = 10:1) for 48 hrs. DP47-TCB was used as a negative control. (a) CD69 and CD25 expression on CD4* and CD8"
T cells was measured by flow cytometry. Cells from technical duplicates were pooled for analysis. Means of n = 3 donors £SD. (b) Killing of MKN45 target
cells was measured by LDH release. Means of n = 3 donors + SD. (c) The supernatants from technical duplicates were pooled and cytokine levels were
measured by Luminex for 1 donor. (d) ECso values for CD25 induction on CD4* and CD8" T cells, LDH release and cytokine release in TDCC assays with
FolR-TCB (CHOK1SV target cells), Tyrp1-TCB (CHOK1SV-Tyrp1 target cells), CEA-TCB (CHOK1SV-CEACAMS target cells), individual data and means of n
donors = SD (24 hrs). (e) Real time killing of NLR-labeled MKN45 tumor cells by 10 nM CEA-TCB during first and second stimulation (Incucyte). (f)
Comparison of cytokine release, 96 hrs after first and second stimulation with 10 nM CEA-TCB. Supernatants from technical replicates were pooled and
cytokine levels were analyzed by Luminex. (e,f). Data are shown for 1 donor out of 3 tested.
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fractionated dosing32 [Figure 1(f)]. This data shows that CEA-
TCB-induced cytokine release is decoupled from T cell cyto-
toxicity upon re-stimulation, as previously reported for other
CD3 bispecific antibodies.*”

The in vitro TDCC assay system allows modeling TCB-
mediated cytokine release early after T cell stimulation, upon
initiation of target cell killing and is an appropriate tool to
recapitulate the sequence of events and to identify key cellular
and molecular players involved in TCB-mediated cytokine
release.

T cells contribute to TNF-a and IFN-y but not to IL-6 release

Since T cells are directly targeted by TCBs through CD3
engagement and TNF-a, IFN-y and IL-6 are detected after
TCB stimulation, we used intracellular cytokine staining and
flow cytometry to determine whether these cytokines were
produced by CD4" and CD8" T cells. When PBMCs were
treated with 100 nM CEA-TCB, 24.9% of CD4" cells and
18.9% of CD8" cells were TNF-a positive after 20 hrs of
incubation. Only 0.4% and 0.7% of CD4" and CD8" T cells,
respectively, were TNF-a positive with the DP47-TCB negative
control [Figure 2(a)]. With CEA-, FolR- and Tyrp1-TCB, TNEF-
a production by CD4" and CD8" T cells was dose-dependent
[Figure 2(c), Supp. Fig 1A, B, C, G].

Interferon-y production by T cells was also detectable after
stimulation with CEA-TCB [Figure 2(b)]. Among CD4" and
CD8" T cells, 3.8% and 8.8%, respectively, were IFN-y-positive
20 hrs after stimulation with 100 nM CEA-TCB. With DP47-
TCB, respectively, only 0.5% and 0.5% scored positive. The
production of IFN-y by CD8" and CD4" T cells was also TCB
dose-dependent for all three TCBs tested [Figure 2(d), supp.
Fig 1D, E, G].

The elevated levels of IL-6 in the supernatants of TDCC
assays after TCB treatment suggested that T cells might con-
tribute to its release. However, as found using intracellular
immunostaining and flow cytometry, CD4" and CD8" T cells
failed to produce IL-6 after stimulation with 100 nM CEA-TCB
[supp. Fig 1F].

Last, we also looked whether NK cells might contribute to
cytokine release in the TDCC assay. Using intra-cellular cyto-
kine staining, we could not detect any increase in IFN-y, TNF-
a, or IL-6 production following stimulation with 100 nM
Tyrp1-TCB [supp. Fig 2A-B].

Altogether, these data demonstrate that on-target TCB
activity triggers the dose-dependent release of TNF-a and
IFN-y but not of IL-6 by activated CD4" and CD8" T-cells.

Monocytes contribute to TNF-a production together with
T cells and are the main mediators of IL-6 and IL-1f3
release

In the same assay, we set the gating on CD14"CD16~ classical
monocytes to evaluate their contribution to cytokine produc-
tion. When PBMCs were treated for 20 hrs with 100 nM CEA-
TCB, 6.0% of CD14"CD16- monocytes were double positive
for IL-6 and TNF-a, 3.9% for IL-1B and TNF-a and 26.5% for
IL-1P and IL-6 [Figure 3(a)]. In comparison, these percentages
were considerably lower (2.4%, 1.5% and 10.9%, respectively)

when the cells were treated with 100 nM of the negative control
DP47-TCB [Figure 3(a)]. This indicates that CD14"CD16~
classical monocytes can simultaneously produce at least two
of the three pro-inflammatory cytokines (IL-13, TNF-a and IL-
6) in response to TCB stimulation. For CEA-, Tyrp1- and FolR-
TCB, this concomitant production of IL-1p, IL-6 and/or TNF-
a by monocytes was TCB dose dependent [Figure 3(b), supp.
Fig 3A-C]. For CEA-TCB, a higher background production of
IL-1B, IL-6 and TNF-a by monocytes was observed in control
conditions (in the absence of TCB or with DP47-TCB). We
found that the interaction of monocytes with the MKN45 cell
line triggered a baseline production of IL-1P, IL-6 and to
a lower extent of TNF-a [Figure 3(b,f)].

To verify to which extent monocytes contribute to the
release of IL-6, IL-1p and TNF-a, we set-up a TDCC assay
comparing PBMCs with monocyte-depleted PBMCs from the
same donor (effector cells: target cell = 10:1) [Figure 3(c)].
Following stimulation with CEA-TCB, T cell activation profiles
and tumor cell killing did not significantly differ neither in the
presence or absence of monocytes in effector cells [Figure 3(d,
e)]. In contrast, no IL-1p and drastically reduced IL-6 levels
were released when the PBMCs were depleted of monocytes
[Figure 3(f), supp. Fig 4A]. This result indicates that monocytes
are the main producers of IL-1p and IL-6.

TNF-a release was still detected when monocyte-depleted
PBMCs were used as effector cells stimulated with CEA-TCB,
but its levels remained lower than when PBMCs were used
[Figure 3(f)]. This shows that monocytes contributed to TNF-a
release, together with CD4" and CD8" T cells [Figure 2(a,b)] as
previously found by Li et al. and Godbersen-Palmer et al.>>*°
In contrast, the levels of IFN-y and IL-2 were not significantly
impacted by the absence of monocytes in effector cells [Supp.
Fig 4B].

Altogether, these results highlight that monocytes get indir-
ectly activated after on-target activation of T cells and subse-
quently release IL-1p and IL-6, in addition to contributing to
TNF-a production together with CD4" and CD8" T cells.

The release of IL-6 and IL-1B is dependent on TNF-a but
not IFN-y release

To verify if the production of monocyte-derived cytokines was
dependent on TNF-a and IFN-y produced by T cells after stimu-
lation with TCB, we blocked each of the cytokines using 5 ug/mL
anti-IFN-y or anti-TNF-a (adalimumab) in TDCC assays with
CEA-, Tyrpl- and FolR-TCB. The blockade of TNF-a but not of
IFN-y resulted in a decrease of IFN-y, IL-2, IL-6 and IL-1f
indicating that these T-cell or monocyte-derived cytokines are
dependent on TNF-a release [Figure 4(a), supp. Fig 5A, B, C].
The blockade of IFN-y or TNF-a did not impair TCB-mediated
T cell activation and tumor cell killing, as shown by the expres-
sion of CD25 and CD69 on CD4+ and CD8+ T cells as well as the
LDH release measured in the supernatants of these TDCC assays,
respectively [Figure 4(b,c), supp. Fig 5D]. This indicates that these
cytokines do not influence TCB-mediated killing. Interestingly,
the expression of the TNF-a receptor CD120b (TNFR2) but not
CD120a (TNFR1) was upregulated on CD4+ and CD8+ T cells
and downregulated on CD14+ monocytes upon treatment with
CEA-TCB [Figure 4(d)]. These results show that monocytes are
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Figure 2. CD4+ and CD8+ T cells produce TNF-a and IFN-y but not IL-6 upon TCB treatment. (a,b) PBMCs were stimulated with CEA-TCB or DP47-TCB (negative control)
in a TDCC assay using MKN45 target cells (E:T = 10:1). Golgistop and Golgiplug were added to block cytokine secretion after 6 hrs and intra-cellular staining was
performed 20 hrs after stimulation with TCB. Flow cytometry plots of TNF-a (a) and IFN-y (b) positive cells gated among CD4* and CD8™ T cells after stimulation with
100 nM CEA- or DP47-TCB for 1 donor. (c,d) PBMCs were stimulated with escalating concentrations of CEA-TCB, Tyrp1-TCB, FolR-TCB or DP47-TCB (negative control) in
TDCC assays using MKN45, CHOK1SV-Tyrp1 or CHOK1SV-FolR target cells respectively (E:T = 10:1). Intracellular staining of TNF-a (c) and IFN-y (d) in CD4* and CD8*
T cells, means of 2 technical replicates + SEM. Data shown are from 1 individual donor and from independent experiment For CEA-TCB, PBMCs from n = 3 donors were
tested.

activated by T cell-derived TNF-a, amplifying the release of TNF-  blockade, as indicated by the cytokine levels measured in a TDCC
a and mediating the production IL-6 and IL-1B. To note, the assay using Tyrpl-TCB in combination with anti-IL-6R
release of IFN-y, TNF-q, IL-6 and IL-1{3 was not affected by IL-6R  (actemra) [supp. Fig 6A, B].



20394328 (&) G.LECLERCQET AL.

-o- Tyrp1-TCB -e- CEA-TCB
-=- DP47-TCB -#- FoIR-TCB

a. b e noTCB
T4 8 + 519 40+
3 3 +
. £ L4 hA
5 5 Z 6- z = 304
10° 3 IL-6+TNF-a+ 10°7 IL-1B+TNF-a+ 101 PP g = T .
6.0% 3.9% oAy + x5l @
4 4 p « 4 Q@ - '
103 10°d . 4 0 - 20
= 5 - = = 2 =
w w 3 - 3 X = ] %
- =z 107 4 107 L4y 3 < 104
£ = = T2 L 2 10
: a s
0 [=] o
S S ey 10-%1040-10-210-110°1010? 10-1010-104101100101102 10-510-40-10-210-110°101102
0o 10 1 100 10 CEA-TCB [nM] CEA-TCB [nM] CEA-TCB [nM]
IL-6 IL-1p IL-6 34 + 2.5- 49
+
3 o &
5 Z 207 = 3]
£ o g ;&
‘*é & 1.59 L. )
[» B A A = 24
s = 101 2
5 5 T 1 X +
10°1 IL-6+TNF-a+ 1073 IL-1B+TNF-a+ 10”9 IL-1B+IL-6+ 3 + < 4
2.4% 1.5% - 3 0.5 a ]
4 4 4 o 3
10 o [=] [§]
¥ ¥ = —————— © 00—+ e
IE IE 103 3 10710-¥10-510-410-310-210-110° 10710¥10-°10410310210 10° 1071010-°10-410-310-210- 10°
= = . FoIR-TCB [nM] FoIR-TCB [nM] FoIR-TCB [nM]
B > + 87 15+
3 3 &
w ° w ° A
= 6 T Z 6 —
= —tr— £ 104
+ ( 3¢ & r T & ¢
© ( =3 [ A 3 P
) 44 [ R & | % | B | —
. | o | = \ t
2 [ = 4 2 ‘ >4
X | 3 ? 35 |
iy | < 2 i = i
=) o ) 3 | Q |
O F—F—wFas—aS-a 8 2 L o = o 8 b
T T T T T T T o T T T T T T 1 o T T T T T T T
10-10-40-40210-110°101102 10%1010-410210-110°1010? 10-410410-410210-110°101102
Tyrp1-TCB [nM] Tyrp1-TCB [nM] Tyrp1-TCB [nM]
C. d.
T cell dependent cellular cytotoxicity assay
ns
PBMCsw/o  2+1TCB PBMCs 2+1 TCB - 08 — - 20 ns - 08 ns - 25 ns
monocyte BOD § g [ é [ § - |—=
©<§,@ ®§§§®© s06 =151 4 Q06 » 2 L
©@© ©¥ < < ° © =3
oge 3 3 5 g
> 7 0.4 7 1.0 7 0.4 T
= == g g g g10
Target cells = = = =
Target cells Vs. s 0.2 s 0.5 g 0.2 |s S 05
7 7 : : : :
w w w w
0.0 0.0 0 T T 0. + 1
& & & & & & & &
Collect supernatant for multiplex cytokine analysis (\o“<~ °o$ Qod Qo“* <\o“‘v oo"¢ Qo"* (\o"‘ik
b ; & € & & & & €
Assess contribution of monocytes to cytokine release x g x x x B
e. f. IL-1p IL-6 TNF-a
8000+ 25000 80000+
- o
o 8x105 1000 Ns (p=0.25) 60004 20000 j' 60000
o | 1 2 = 15000 =
= £ E £
%1064 . =, 40004 = . =, 400004
§A 6x10 500 2 2 10000 2
o> s s 2000 e 20000
S 4x10% S 6004 .
— f —a—a—a—=8
§ > Q == — T ——
= 2x1064 8 4004 10-410-310-210-1 10° 10" 102 10410310210 10° 10" 102 10410310210 10° 10" 102
(=] w CEA-TCB [nM] CEA-TCB [nM] CEA-TCB [nM]
=
© 0§= 200+ []
) |$1 IL-1p IL-6 TNF-a
-2x106 . r — — 0 - 8000 * 25000 * 150000+ *
10-510-410-310-210-1 10° 10 102 + - Siid0
CEA-TCB [nM] 6000
100000
] = 15000 ]
e PBMCs %4000 % %
o 2 10000 a
m  PBMCs w/o monocyte 50000+
2000 5000
0 0 o
Monocytes  + - + - + -

Figure 3. Monocytes produce IL-18 and IL-6 and contribute to TNF-a release upon TCB treatment. PBMCs were stimulated with CEA-TCB, Tyrp1-TCB, FolR-TCB or DP47-
TCB (negative control) in a TDCC assay using MKN45, CHOK1SV-Tyrp1 or CHOK1SV-FolR target cells respectively (E:T = 10:1). Golgistop and Golgiplug were added at 6
hrs to block cytokine secretion and intracellular staining was performed 20 hrs after stimulation with TCB. (a). Representative flow cytometry plots of IL-6+ TNF-a+, IL-1(
+TNF-a+, IL-1B+IL-6+ populations among CD14+ monocytes after treatment with 100 nM CEA- or DP47-TCB. (b) Intracellular staining of IL-1B, TNF-a and IL-6 in CD14™
monocytes after treatment with escalating concentrations of CEA-TCB, FolR-TCB, Tyrp1-TCB and DP47-TCB. The black dots represent the cytokine levels in absence of
TCB (no TCB). Means of 2 technical replicates + SEM. Data shown are from 1 individual donor and independent experiments. For each TCB, PBMCs from n = 3 donors
were tested. (c) PBMCs or monocyte-depleted PBMCs from the same donor were stimulated with CEA-TCB or DP47-TCB (negative control) in a TDCC assay using MKN45
tumor cells (E:T = 10:1). (d) The expression of CD69 and CD25 expression on CD4* and CD8" T cells upon treatment with CEA-TCB was measured by flow cytometry after
24 hrs. ECsq values, means of n = 3 donors + SD with ns = non-significant by Wilcoxon t test. (e) The killing of MKN45 tumor cells was measured by LDH release. The
dose-response plots show data for 1 donor representative of 3 and the bar plots show the ECs values for n = 3 donors, mean + SD with ns = non-significant by Wilcoxon
t test. (f) Cytokine levels were measured in the supernatants by Luminex (24 hrs). The dose-response plots show data for 1 donor representative of 5 and the bar plots
show the means of n = 5 donors + SD for 10 nM CEA-TCB with *p < 0.05 by Wilcoxon t test.
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Figure 4. The release of IL-6 and IL-1pB is dependent on TNF-a but not IFN-y release. PBMCs were stimulated with CEA-TCB in a TDCC assay using CHOK1SV-CEACAM5
target cells with CEA-TCB in the presence or absence of 5 pg/mL anti-TNF-a (Adalimumab) or anti-IFN-y. (a) After 24 hrs, the culture supernatant from technical
duplicates were pooled and the levels of IFN-y, IL-2, TNF-q, IL-1f and IL-6 were measured by Luminex. The dose-response plots show data for 1 donor representative of 3

and the bar plots show values for n = 3 donors treated with 10 nM CEA-TCB with

* p < 0.05 by Friedman test. (b). The killing of CHOK1SV-CEACAM5 target cells was

measured by LDH release (t = 24 hrs). Means of n = 3 donors +SEM. (c) The expression of CD69 and CD25 on CD4* and CD8* T cells 24 hrs after treatment with CEA-TCB
was measured by flow cytometry. Means of n = 3 donors +SEM. (d) Flow cytometry histogram plots showing the modulation of TNFR1 (CD120a) and TNFR2 (CD120b)
(TNF-a receptors) on CD14* monocytes, CD4* and CD8™ T cells after 24 hrs in TDCC assays with 100 nM CEA-TCB or in the absence TCB.

The use of neutralizing anti-cytokine antibodies confirmed
the chronology of the events triggering TCB-mediated cytokine
release as well as the dependence of IFN-y, IL-2, IL-6 and IL-1§
on the early release of TNF-a by T cells.

Neutrophils are activated following TCB treatment and
contribute to the release of IL-13

Since neutrophils are the most abundant leukocyte population
in blood, we aimed to assess their potential contribution to
TCB-mediated cytokine release. For this purpose, we first con-
ducted in vitro TDCC assays using total leukocytes (PBMCs

and neutrophils) as effector cells co-cultured with CHOK1-
Tyrpl or CHOKI1-FolR target cells and Tyrp1-TCB or FolR-
TCB, respectively (effector cells: target cell = 10 lymphocytes: 1
target cell) [Figure 5(a)]. The expression of surface markers
CD11b, CD62L and CD16 was measured by flow cytometry on
neutrophils gated based on their FSC/SSC profile to assess the
effect of TCB treatment on their phenotype. Both Tyrpl-TCB
and FolR-TCB induced an upregulation of CD11b, which was
associated with a downregulation of CD62L and CD16. There
was no change in phenotype observed with the negative control
DP47-TCB or in the absence of TCB [Figure 5(b), supp.
Fig 7A]. CD11b upregulation as well as CD62L and CD16
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Figure 5. Neutrophils are activated following TCB treatment and contribute to IL-1f release. (a) PBMCs and total leukocytes (PBMCs + neutrophils) isolated
from whole blood from one donor were stimulated with Tyrp1-TCB in a TDCC assay using CHOK1SV-Tyrp1 target cells (E:T = 10:1). (b) Flow cytometry
histogram plots representing the expression of CD11b (6 hrs), CD62L (6 hrs) and CD16 (48 hrs) on neutrophils before or after incubation with Tyrp1- or
DP47-TCB for 1 donor. (c) The killing of CHOK1SV-Tyrp1 target cells was measured by LDH release in the presence or absence of neutrophils (24 hrs). (d)
The expression of CD69 and CD25 on CD4* and CD8* T cells upon treatment with CEA-TCB was measured by flow cytometry in the presence or absence of
neutrophils (24 hrs). (c,d) The dose-response plots show data for 1 donor representative of 6 or 7 and the bar plots show the means of ECs, values + SD
for n = 6 or 7 donors.* p < 0.05 by Wilcoxon t test. (e) The levels of IL-1B, IL-6 and TNF-a were measured by Luminex at assay endpoint in the presence
and absence of neutrophils (24 hrs) in pooled technical duplicates. The dose-response plots show data for 1 donor representative of 7 and the bar plots
show the means of n = 7 donors treated with 10 nM Tyrp1-TCB with * p < 0.05 by Wilcoxon t test.



downregulation was also observed on the surface of neutro-
phils in whole blood treated with CD20-TCB [supp. Fig 8A].
This change in phenotype shows that neutrophils are activated
following TCB stimulation.

In TDCC assays comparing PBMCs and total leukocytes as
effector cells in the same experimental conditions, T cell acti-
vation and target cell killing remained unchanged [Figure 5(c,
d) and supp. Fig 7B, C]. However, based on results from seven
blood donors, IL-1p but not IL-6 or TNF-a levels were sig-
nificantly higher when neutrophils were present in the effector
cells, suggesting that they contribute to IL-1p release together
with monocytes [Figure 5(e), supp. Fig 7D, 8B].

ScRNAseq of whole blood treated with CD20-TCB reveals
the contribution of neutrophils to TCB-mediated cytokine
release

To confirm these findings, we conducted single-cell RNA
sequencing of whole blood using the BD Rhapsody platform
at baseline and 2 hrs, 4 hrs, 6 hrs and 20 hrs after treatment
with 0.2 pg/mL CD20-TCB [Figure 6(a), supp. Fig 8].
Neutrophil populations were identified based on the ELANE,
MPO, PRTN3 CTSG, AZUI and FCGR3B gene signature
together with negative expression of lineage markers such as
CD3D or CD79A. Of note, FCGR3B was the main gene
expressed among those identified in the neutrophil gene sig-
nature and had high specificity. Additionally, the proportions
of neutrophils were matching those measured by flow cytome-
try in the corresponding samples [supp. Fig 9A-C]. As shown
in the UMAP plot, they clustered differently after 4 hrs, 6 hrs or
20 hrs stimulation with CD20-TCB, indicating a change in
their phenotype [Figure 6(b)]. As a control, neutrophil popula-
tions from untreated samples incubated for 2 hrs, 6 hrs and 20
hrs overlapped with baseline samples, confirming that the
observed change in phenotype was due to treatment with
CD20-TCB [Figure 6(b)].

In line with our above findings, the IL-1p (IL1B) but not
the IL-6 (IL6) gene was expressed in neutrophil populations
after stimulation with CD20-TCB, as indicated by the UMAP
plots [Figure 6(c)]. Only sparse expression of the TNF-a
(TNF) gene was observed. Interestingly, the gene encoding
the IL-8 receptor (CXCR2) was expressed at baseline and
rapidly downregulated upon CD20-TCB treatment [Figure 6
(d)]. The IL-8 gene (CXCL8) was induced early after TCB
treatment, suggesting that neutrophil-derived IL-8 might act
in an autocrine fashion. Additionally, we verified whether
transcripts for IL-10 (IL10), MCP-1 (CCL2), MIP-1f
(CCL4), IP-10 (CXCL10), described as molecular players in
the biology of TCB-mediated CRS, were induced in neutro-
phils. Among them, IL-8 (CXCL8) and MIP-1p (CCL4) were
upregulated upon treatment with CD20-TCB, indicating that
neutrophils may broadly contribute to TCB-mediated cyto-
kine release [Figure 6(c,d)]. The IL-32 (IL32R) gene was also
identified among the top 40 genes induced in neutrophils
after CD20-TCB stimulation. In the kinetics of events, IL-1f
(IL1B) and MCP-1 (CCL2) transcripts were upregulated
already 2 hrs after treatment with CD20-TCB and peaked at
4 hrs, while IL-32 (IL32), IL-8 (CXCL8) and MIP-1p (CCL4)
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were mainly upregulated at later timepoints [Figure 6(d),
supp. Fig 10A-B]. These data demonstrate the rapid onset of
cytokine release by neutrophils.

The TNF receptor genes (TNFRSF1A and TNFRSF1B) and
IFN receptor genes (IFNGR1 and IFNGR2) were also found
expressed on neutrophils at baseline and after treatment, sug-
gesting that IFN-y or TNF-a released by T cells and monocytes
may signal in neutrophils [Figure 6(e)]. To verify this hypoth-
esis, we blocked either or both of these cytokines using 5 ug/mL
anti-IFN-y or anti-TNF-a (adalimumab) in a whole blood
assay with CD20-TCB. The blockade of TNF-a, and to
a lower extent of IFN-y, inhibited the downregulation of
CD16 in one of three donors and of CD62L in all three donors
tested, suggesting that both cytokines may contribute to neu-
trophil activation [Figure 6(f)].

Overall, these results confirm the early contribution of neu-
trophils to IL-1f release at the transcriptional level and show
that activated neutrophils broadly contribute to the cytokine
release cascade following TCB treatment, notably through the
additional release of CCL2, MIP-1f, IL-8 and IL-32.

Discussion

On-target activation of T cells is associated with a release of
cytokines that can potentially result in a cytokine release syn-
drome, one of the major safety liabilities intrinsic to the mode-
of-action of T cell engagers. The in vitro TDCC assay system
allows to recapitulate TCB-induced cytokine release and to
identify the contribution of the immune cell populations pre-
sent among the effector cells. Early after activation with a TCB,
CD4" and CD8" T cells release IFN-y and TNF-a, but not IL-6.
T cell-derived cytokines further activate T cells and other
immune cells present in PBMCs. Among them, monocytes
were identified as the main producers of IL-13 and IL-6 and
found to contribute to TNF-a release together with CD4" and
CD8" T cells. This was clearly shown by intracellular cytokine
immunostaining and the comparison of cytokine levels in
supernatants from TDCC assays using either monocyte-
depleted PBMCs or total PBMCs as effector cells. Our data
with TCBs confirm the findings of Li J. et al. and Godbersen-
Palmer C. et al., who highlighted the contribution of myeloid
cells to IL-6, IL-1B and TNF-a production in vitro and in vivo
early after treatment with T cell engagers.*>*°

Subsequently, we focused on the role of neutrophils in the
cytokine release induced by T cell engagers, which had not yet
been reported. Neutrophils show an activated phenotype in
TDCC assays using total leukocytes as effector cells, or in
whole blood treated with CD20-TCB. This suggested that
they might well contribute to TCB-induced cytokine release.
We first showed that neutrophils released IL-1p, by comparing
IL-1f levels in culture supernatants from TDCC assays using
either total leukocytes or PBMCs as effector cells. This result
was confirmed by single-cell RNA sequencing of whole blood
treated with CD20-TCB. Additionally, genes of other cytokines
such as IL-8 (CXCLS8), IL-32 (IL32), MIP-1p (CCL4) were
found rapidly upregulated in neutrophils upon treatment
with CD20-TCB, indicating a broader contribution of neutro-
phils to TCB-mediated cytokine release. Along with the upre-
gulation of these cytokine genes, we also observed that the IL-
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CD20-TCB in whole blood, measured by flow cytometry. The histogram plots show data from 3 different blood donors.



8R genes were downregulated upon treatment with CD20-
TCB, denoting that IL-8 might act there in an autocrine fash-
ion. T-cell derived TNF-a and IFN-y may as well stimulate
neutrophils, as the gene coding for their receptors was
expressed in neutrophil clusters identified in whole blood
treated with CD20-TCB.

Although they represent a large proportion of white blood
cells, the contribution of neutrophils to TCB-mediated cytokine
release may be underestimated both in in vitro functional assays
using PBMC:s as effector cells and in vivo mouse models where the
proportion of neutrophils does not translate to the human
amounts. Our comparison of cytokine levels in TDCC using
either PBMCs or total leukocytes shows significantly higher levels
of IL-1f production when total leukocytes are used. Therefore,
neutrophils are likely to contribute to the release of IL-1p and
other cytokines induced in the serum of patients treated with
T cell engagers. However, it may be difficult to assess the relative
contribution of neutrophils versus monocytes to the levels found
in the serum of patients, as monocytes also produce some of these
cytokines. Interestingly, neutrophils were found infiltrating tissues
expressing the targeted tumor-associated antigens in cynomolgus
monkeys and in mice (A.M. Giusti, unpublished results) following
TCB treatment. This suggests that neutrophils also directly con-
tribute to tissue inflammation.

In the clinic, not every patient treated with a T-cell
engager experienced CRS.>** In a phase I trial with glo-
fitamab, CRS occurred in 86 of 171 (50.3%) B-cell lym-
phoma patients (grade 3 or 4: 3.5%).>> In our in vitro
TDCC assay, while cytokine release was consistent across
donors, there was a strong variability in the absolute levels
of cytokines observed. This observation goes in line with
the recent work from Ye et al.,” describing donor varia-
bility with respect to cytokine release in a humanized
mouse model after stimulation with compounds known
to be associated with CRS in the clinic. In addition to
patient’s genetic polymorphism, factors independent of
cytokine release by immune cells including tumor burden
and endothelial cell activation have been reported to cor-
relate with the risk of CRS after treatment with T cell
engaging therapies.’* >

Presently, CRS is managed in the clinic with the use of
glucocorticoids and anti-IL-6R (tocilizumab) or anti-IL-6
(siltuximab) antibodies.'® As demonstrated, IL-6 is
released by myeloid cells downstream of the TCB-
induced cytokine cascade, stimulated by TNF-a. Current
therapeutic antibodies blocking the IL-6 pathway may
mitigate IL-6-derived toxicities such as endothelial cell
activation, which eventually can lead to vascular leakage,
but may not affect the levels of other cytokines implicated
in CRS.” The use of anti-IL-1Ra (anakinra) antibody has
been proposed for the mitigation of CAR-T cell-induced
CRS and neurotoxicity.”** With IL-1p produced by mye-
loid cells and neutrophils, downstream of TCB-induced
T cell activation, the specific neutralization of IL-1Ra
would likely mitigate IL-1P-driven toxicities but not
strongly reduce the overall cytokine release.

It is confirmed that TCB-mediated cytokine release is
first initiated by T cell-derived cytokines, as a result of on-
target TCB activity. This highlights that prophylactic
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intervention at the T cell level could more broadly reduce
the cytokine cascade. As shown by Li J. et al., and by our
in vitro results, TNF-a blockade could reduce both IL-6
and IL-1f release by monocytes without impacting TCB-
induced T cell cytotoxicity.>® Interestingly, etanercept and
adalimumab were shown to counteract CRS in patients
failing to respond to IL-6/IL-6R blockade.’

Our results indicate that IFN-y is mainly released by
T cells upon treatment with TCB. They also suggest that
IFN-y blockade may not efliciently reduce the release of
other cytokines implicated in CRS. However, our model
systems may not fully capture its potential effects since
macrophages are lacking. As IFN-y is known to activate
macrophages, its blockade could reduce the release of
macrophage-derived IL-6 and IL-1B s upon treatment
with T cell engaging therapies.*”** The neutralization of
IFN-y with emapalumab is indicated for the management
of hemophagocytic lymphohistiocytosis (HLH)/macro-
phage activation syndrome (MAS) symptoms, which are
closely related to CRS in patients treated with CAR-T
cells.'"*? Nevertheless, IFN-y blockade was also shown to
alter the recruitment of circulating T cells to the tumor
site, suggesting that it might have a deleterious effect on
anti-tumor efficacy, thus making it a less favorable pro-
phylactic approach for the mitigation of CRS for T cell
engagers targeting solid tumors.**

Step-up dosing of T cell engagers is also widely used to
prevent the occurrence of CRS. As shown by others and in
the present study, upon re-administration, peaks of
inflammatory cytokines are attenuated while tumor cell
killing remains effective.”>*> However, despite the use of
IL-6/IL-6R neutralizing antibodies, glucocorticoids and
step-up dosing, the risk of CRS still remains a major dose-
limiting toxicity associated with the treatment of T cell
engagers, highlighting that CRS mitigation by pre-
treatment may open the way for clinical schedules that
require less intense monitoring and get faster to the effi-
cacious dose. Beside TNF-a blockade, promising T-cell
targeted approaches for the mitigation of CRS include
the use of kinase inhibitors targeting signaling pathways
downstream of TCR stimulation*®™*®

Our data on the mechanisms of TCB-induced cytokine
release also provide insight to develop re-stimulation
TDCC in vitro models that may help guide escalation
factor, and time intervals for step-up dosing schedules.
Further investigations are required with respect to under-
standing biological mechanisms that counter balance cyto-
kine release. Additionally, our work highlights the key
cytokines upregulated intrinsically by the mode-of-action
of TCBs, and may contribute to the selection of more
specific clinical biomarker panels reflecting the cytokine
release by monocytes and neutrophils, which are the major
source of cytokines such as IL-1B, IP-10 or MIP-1p.
Finally, exploring the phenotypes of neutrophils and
monocytes and their propensities to produce high levels
of pro-inflammatory cytokines could be beneficial for the
identification of potential personalized biomarkers, which
may predict whether a patient is at risk for CRS after
treatment with T cell engaging therapies.
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