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Myeloid and dendritic cells
enhance therapeutics-induced
cytokine release syndrome
features in humanized
BRGSF-HIS preclinical model

Gaélle H. Martin™, Alexis Gonon®, Perrine Martin-Jeantet’,
Florence Renart-Depontieu’, Zuzana BiesovaZ,

Anokhi Cifuentes?, Arnab Mukherjee?, Thomas Thisted?,
Astrid Doerner?, Dean O. Campbell®, Ludovic Bourré?,
Edward H. van der Horst?, Amélie Rezza' and Kader Thiam™

tgenOway, Lyon, France, 2Sensei Biotherapeutics Inc., Boston, MA, United States, *Crown Bioscience
Inc., San Diego, CA, United States

Objectives: Despite their efficacy, some immunotherapies have been shown to
induce immune-related adverse events, including the potentially life-threatening
cytokine release syndrome (CRS), calling for reliable and translational preclinical
models to predict potential safety issues and investigate their rescue. Here, we
tested the reliability of humanized BRGSF mice for the assessment of
therapeutics-induced CRS features in preclinical settings.

Methods: BRGSF mice reconstituted with human umbilical cord blood CD34"
cells (BRGSF-CBC) were injected with anti-CD3 antibody (OKT3), anti-CD3/
CD19 bispecific T-cell engager Blinatumomab, or VISTA-targeting antibody.
Human myeloid and dendritic cells’ contribution was investigated in hFIlt3L-
boosted BRGSF-CBC mice. OKT3 treatment was also tested in human PBMC-
reconstituted BRGSF mice (BRGSF-PBMC). Cytokine release, immune cell
distribution, and clinical signs were followed.

Results: OKT3 injection in BRGSF-CBC mice induced hallmark features of CRS,
specifically inflammatory cytokines release, modifications of immune cell
distribution and activation, body weight loss, and temperature drop. hFlt3L-
boosted BRGSF-CBC mice displayed enhanced CRS features, revealing a
significant role of myeloid and dendritic cells in this process. Clinical CRS-
managing treatment Infliximab efficiently attenuated OKT3-induced toxicity.
Comparison of OKT3 treatment’s effect on BRGSF-CBC and BRGSF-PBMC
mice showed broadened CRS features in BRGSF-CBC mice. CRS-associated
features were also observed in hFlt3L-boosted BRGSF-CBC mice upon
treatment with other T-cell or myeloid-targeting compounds.
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Conclusions: These data show that BRGSF-CBC mice represent a relevant model
for the preclinical assessment of CRS and CRS-managing therapies. They also
confirm a significant role of myeloid and dendritic cells in CRS development and
exhibit the versatility of this model for therapeutics-induced safety assessment.

KEYWORDS

humanized preclinical models, cytokine release syndrome, myeloid cells, BRGSF mice,
safety assessment, immunotherapy

Introduction

Predicting the potential toxicity of therapeutics is of utmost
importance in drug discovery. Indeed, some compounds can induce
side-effects ranging from organ-specific toxicity to a systemic
inflammatory response known as cytokine release syndrome
(CRS), characterized by a massive release of cytokines (or
cytokine storm) that can lead to multiorgan failure. First
described as an adverse effect of the anti-T-cell antibody OKT3
(1), an immunosuppressive treatment for solid organ
transplantation, CRS has since been reported after treatment with
several antibody-based therapies, such as anti-CD20 Rituximab (2)
or anti-PD-1 Nivolumab (3). In addition, it represents the most
frequent adverse effect associated with T-cell engaging therapies,
including bispecific antibodies and CAR-T cells (4). Modelling CRS
in preclinical settings represents a critical challenge, especially with
the recent and rapid development of novel therapeutics in
immuno-oncology.

Different preclinical models can be used to assess CRS (5), with
arguably the most appropriate being immunodeficient mice
reconstituted with a human immune system (HIS) (6). These HIS
mice can be obtained from reconstitution with human adult
peripheral blood mononuclear cells (PBMC) or human umbilical
cord blood CD34" cells (CBC). Importantly, the features of CRS and
timing of its induction is suggested to be compound-dependent (4),
adding a level of complexity to its preclinical assessment. Indeed,
preclinical models are often tested for CRS assessment following
OKTS3 treatment, inducing cytokine release as early as 2h and T cell
depletion starting 6h post injection, but these features could differ
and appear at different time points upon treatment with a different
compound. Moreover, PBMC-HIS mice were previously shown to
be responsive to CRS-inducing OKT3 treatment, whereas CBC-HIS
mice appeared not or less responsive (7).

In order to investigate CRS-like traits triggered by different
classes of biologics, and assess the potential contribution of myeloid
and dendritic cells in this process, we use here BRGSF mice
reconstituted with CBC (thereafter called BRGSF-CBC). BRGSF-
CBC mice show systematic and persistent presence of plasmacytoid
dendritic cells (pDCs), conventional dendritic cells (¢cDCs),
monocytes/macrophages, and neutrophils, and their myeloid and
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dendritic compartments can be boosted by hFIt3L treatment (8). In
this boosted model, monocytes/macrophages, pDCs, and cDCs’
absolute and relative numbers are increased in the bone marrow
and spleen, but also systemically. Importantly, these mice are
invalidated for mouse Flk2 (9) which prevents mouse immune
cells to respond to hFIt3L treatment, as it is known to cross-react
with mouse Flk2. The impact of hFIt3L treatment on immune cell
distribution is thus due solely to its binding to human Flk2,
expressed by human mature dendritic cells and progenitors, and
can act through direct boost of human dendritic cells proliferation
and/or human myeloid/dendritic progenitors’ differentiation into
myeloid and dendritic cells (10-12). We tested this model’s
response to known CRS-inducing compounds treatment, and the
involvement of myeloid and dendritic cells in this process. We show
that, upon OKT3 treatment, BRGSF-CBC mice exhibited a serum
cytokines profile, clinical signs and immune cell distribution
associated with CRS, and that boosting myeloid and dendritic
cells enhanced these features. We also show that OKT3-induced
CRS in BRGSF-CBC mice could be attenuated by anti-TNF-o
(Infliximab) treatment (4). When compared to PBMC-
reconstituted BRGSF mice (thereafter called BRGSF-PBMC),
OKTS3 treatment in BRGSF-CBC mice induced a broader range of
CRS features, namely a wider spectrum of myeloid-associated
cytokines and depletion of ¢DCs. Finally, we further determined
that BRGSF-CBC mice developed CRS-like traits upon injection of
Blinatumomab, a bispecific T-cell engager targeting CD3 and CD19
(13), or myeloid-targeting anti-hVISTA (V-domain Ig Suppressor
of T-cell Activation) antibody JNJ (14), both known to induce CRS
in patients (15, 16). Taken together, these data show that myeloid
and dendritic cells enhance CRS-features in BRGSF-CBC mice.
They also demonstrate that these mice represent a valuable model
for the assessment of therapeutics-induced CRS, and potential CRS
management treatments in preclinical settings.

Methods
Human samples

Human umbilical cord blood CD34" progenitor cells (CBC;
purity >90%) isolated by positive immunomagnetic selection were
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purchased from Lonza (USA) and CTI Biotech (France). PBMC
from healthy donors were purchased from EFS (France).

Animals

BRGSF mice (BALB/c Rag2™!™?* IL2Ry.,™'“8" SIRPaNOP
Flk2'™™) were used in this study (genOway, Lyon, France). Mice
humanized for the immune system (HIS) were produced following
a standardized procedure (17). For BRGSF-CBC mice, newborn
females were transplanted intra-hepatically with 7x10* viable
human CBC, 24h after full body irradiation conditioning (2.8 Gy;
X-ray source). Twelve weeks post-injection, humanization rate and
main immune cell proportions were evaluated by flow cytometry in
100pL of peripheral blood, obtained via facial or retro-orbital vein
puncture. Flow cytometry analysis of blood cells was performed
after leucocyte purification on a Ficoll based gradient (Eurobio
Scientific, CMSMSLO01-01), and in presence of counting beads. For
BRGSF-PBMC mice, 10’ viable human PBMC were injected
intravenously in 12-weeks old BRGSF females. Animals above
30% of humanization (percentage of human CD45" cells in total
number of human and mouse CD45" cells) were included in the
experiments. For all experiments, mice were randomized within
groups according to donor and humanization rate. Complete
immune profiling of mice enrolled in experiments, as well as
randomized groups, are provided in Supplementary Tables 1-5
and Supplementary Figures 1A-C. Animals were housed in
ventilated cages with EOPS sanitary status (19-23°C, 30-70%
humidity, 12-hour night/day cycle), and provided with ad libitum
access to sterile water and autoclaved feed (SAFE®). The
experiments involving the use of human cells for the generation
of humanized mice were approved by an ethical committee
(VetAgro Sup n°018) and validated by the French Ministry of
Education and Research (APAFIS#30015). All other animal
experimental procedures were ethically approved by the ethical
committee VetAgro Sup n°018, validated by the French Ministry of
Education and Research (APAFiS #38721) and performed in line
with relevant guidelines and regulations including the EU Directive
2010/63/EU, the related French décret n° 2013-118, and the 3Rs
(Refinement, Reduction, Replacement).

Animal treatments

At 21-22 weeks of age, BRGSF-CBC mice received four intra-
peritoneal injections every two to three days (D0, D2, D4 and D7) of
10 pg (in 150 puL of PBS 1X) recombinant human FIt3L
(recombinant Flt-3L-Ig (hum/hum), BioXcell, cat. BE0098). Mice
were injected by intravenous route with anti-CD3 monoclonal
antibody (Orthoclone OKT3®; InVivoMADb, BioXcell, BX-BE0O1-
2; 2 mg/kg), Blinatumomab (BLINCYTO® Amgen®; 2 or 5 pg/kg),
JNJ (Onvatilimab; variable region of JNJ-61610588, now CI-8993,
cloned onto human IgGl backbone, obtained from Sensei
Biotherapeutics; 2 or 20 mg/kg), or mIgG2a (Ultra-LEAF "™
Purified Mouse IgG2a, ¥ isotype Ctrl Antibody, Biolegend; 2 mg/
kg). Infliximab (INFLECTRA®, Pfizer; 2 mg/kg) or hIgG1 (Ultra-
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LEAF" Purified Human IgG1 isotype Control Recombinant
Antibody, BioLegend; 2 mg/kg) were injected one-hour prior
OKT3 treatment. Blood was sampled at indicated time points,
mice were sacrificed 24h or 48h post injection, and spleens
were collected.

Clinical monitoring

Body weight and temperature were measured on vigil mice at
indicated time points following randomization and initiation of
treatment. Temperature was monitored using a Bioseb animal
thermometer and a rectal temperature probe for mice.

Blood sampling and serum preparation

For each time point, at least 150 UL of whole blood was sampled
per mouse through the jugular vein under gaseous anesthesia
(isoflurane). Whole blood was kept at room temperature for one
hour to allow coagulation, then centrifuged at 3000g for 10 minutes
at 4°C. Supernatants containing sera were collected into new tubes
and stored at -80°C until processing.

Spleen sampling and preparation

Mice were anesthetized with isoflurane followed by final
sacrifice using cervical dissociation. Spleen were harvested in
FACS Buffer (PBS 1X, 3% FBS, 2mM EDTA) and digested using
spleen dissociation kit and GentleMACS Octo Dissociator with
Heaters (Miltenyi Biotec) per manufacturer’s instructions.
Undigested tissues and debris were removed by filtering the
cellular solution through a 70uM filter in FACS Buffer. Cell
number was evaluated using a Luna-FL™ automated cell counter
(Logos Biosystems).

Flow cytometry

All cells were labeled with antibody cocktails and incubated for
30 min at 4°C in the dark. The antibodies and fluorescent reagents
used in this study are listed in Supplementary Table 6. Cells were
then washed in FACS Buffer before flow cytometry acquisition
(Attune NxT, ThermoFisher). Data analysis was performed using
FlowJo (BD Biosciences) and Prism (GraphPad) softwares. The
gating strategy is shown in Supplementary Figure 2.

Cytokine quantification by Multiplex ELISA

Human IL-6, CCL2 (MCP-1), G-CSF, IFN-a2, CCL5
(RANTES), IL-2, IFN-y, IL-7, IL-IRA, CXCLS8 (IL-8), TNF-0,
CXCL10 (IP-10), CCL3 (MIP-1a), IL-10 were analyzed in serum
using LEGENDPlex' " COVID-19 Cytokine Storm Panel 1
(BioLegend, #741089), following manufacturer’s instructions.
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ALAT, AST and SAA dosages

Frozen serum samples were thawed and Alanine
Aminotransferase (ALAT), Aspartate aminotransferase (AST) and
serum amyloid A (SAA) were measured. Assays were performed by
Iodolab (Lyon, France). ALAT and AST were tested using a
colorimetric assay from Diasys according to manufacturer’s
instructions, and read on a Biomajesty 6010/c analyzer (Diasys).
Quantification ranges for these 2 assays were from 0.6 to 1 200 U/L
for ALAT and 1.2 to 1200 U/L for ASAT. Samples were tested
undiluted. SAA was measured using an ELISA kit from
LifeDiagnostic according to the manufacturer’s protocol and read
using an ELISA Bioteck ELX800 reader. The quantification range
was from 7.8 ng/mL to 2.5 10° ng/mL. Samples were diluted from 1/
100 to 1/5 000.

Statistical analyses

Quantification and statistical analysis were performed using
Excel and GraphPad Prism. The numerical data are presented as
means + SEM. The differences were determined by two-way
ANOVA Multiple comparison and P value < 0.05 was considered
statistically significant (*). **P<0.01, ***P<0.001, ***P<0.0001.

Results

hFlt3L pre-treatment enhances OKT3-
induced cytokine release, body weight
loss, and temperature drop in BRGSF-
CBC mice

To investigate the potential use of BRGSF-CBC mice as a
preclinical model for CRS assessment, and the crucial role of
myeloid and dendritic cells in this process, mice were pre-treated
or not with hFIt3L to boost human myeloid and dendritic
compartments and injected with the known CRS-inducing OKT3
antibody or control isotype (Supplementary Figure 1).

OKTS3 treatment induced the significant release of human pro-
inflammatory cytokines TNF-a, IL-2, and IL-6 (Figure 1A), human
type II interferon, IFN-y (Figure 1B), human regulatory cytokines
IL-1RA and IL-10 (Figure 1C), and human chemokines CCL2,
CXCL10 and CXCL8 (Figure 1D). Interestingly, hFIt3L pre-
treatment increased the OKT3-dependent release of IL-2, CCL2,
and CXCL10 (Figures 1A, D). Serum levels of TNF-o and IL-2,
known markers of T cells activation, peaked 6h post OKT3
treatment, while myeloid and dendritic-associated cytokines IL-6,
IL-10 and CXCL8 were increased in sera at later time points (24h
and 48h). These results are consistent with a primary activation of T
cells by CD3-targeting OKT3 treatment, followed by myeloid and
dendritic cells activation, as recently proposed (18-20). To further
evaluate the potential toxicity of OKT3 treatment in BRGSF-CBC
mice, body weight and temperature were followed. A decrease in
body weight was observed in OKT3-treated mice, and significantly
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enhanced in hFIt3L-boosted BRGSF-CBC mice (Figure 1E). A drop
in temperature was observed at 24h post-OKT3 injection, only in
hFIt3L pre-treated mice (Figure 1F). Additionally, serum amyloid A
(SAA) presence in sera was increased in OKT3-treated mice
(Figure 1G; p=0.07), suggesting acute inflammation. No changes
were observed for Aspartate aminotransferase ASAT and Alanine
aminotransferase ALAT (not shown), known markers of
liver toxicity.

These data show that OKT3 treatment in BRGSF-CBC mice
induces the release of human cytokines, body weight loss, and
temperature drop, all associated with acute inflammation and CRS.
In addition, they suggest that myeloid and dendritic cells, boosted
by hFIt3L pre-treatment, enhance OKT3-induced features.

OKT3's impact on human immune cell
distribution is intensified by hFlt3L boost in
BRGSF-CBC mice

To identify the effect of OKT3 on immune cell distribution,
spleens of all mice were collected 48h post-injection and analyzed
by flow cytometry.

As described in other humanized models and in patients (21),
OKT3 induced T cells’ decrease (Figure 2A; Supplementary
Figure 3A). The absolute number of hCD45" cells was slightly but
significantly decreased upon OKT3 treatment in hFIt3L pre-treated
mice only (Supplementary Figure 3B), but no significant impact was
observed on the humanization rate (Supplementary Figure 3C). No
effect was observed on neutrophils (Figure 2B; Supplementary
Figure 3D) and NK cells percentage (not shown). Interestingly,
pDCs, cDCs and monocytes/macrophages percentages and absolute
numbers were depleted in OKT3-treated mice (Figure 2B;
Supplementary Figure 3D). As expected, hFIt3L treatment alone
increased proportions of ¢cDC and pDC (8) (Figure 2B). Finally,
OKT3’s effect on myeloid and dendritic cells was enhanced, and
only significant, with hFIt3L pre-treatment (Figure 2B;
Supplementary Figure 3D), demonstrating again that OKT3’s
impact on myeloid and dendritic cells is best observed in hFIt3L-
boosted BRGSF-CBC.

CD86, CD80 and HLA-DR markers were analyzed to evaluate
myeloid and dendritic cells’ activation and maturation. In pDCs,
OKT3 treatment induced an increase in CD86" percentage
(Figure 2C), together with upregulated HLA-DR and CD80
expression levels, although not significant for CD80
(Supplementary Figure 3E). Similarly, OKT3-treated mice showed
increased percentages of CD86", CD80", and CD86"/CD80" double
positive cDCs (Figure 2D), while only a non-significant increase of
CD80 expression level was observed (Supplementary Figure 3F).
CD80" and CD86"/CD80" monocytes/macrophages percentages
were significantly increased upon OKT3 treatment (Figure 2E),
accompanied with CD80, CD86 and HLA-DR expression levels
induction (Supplementary Figure 3G), although only significant for
HLA-DR. Finally, percentages of CD86", CD80", and CD86"/
CD80" neutrophils, as well as CD80, CD86, and HLA-DR
expression levels, were increased upon OKT?3 injection (Figure 2F;
Supplementary Figure 3H). For pDCs, cDCs, and neutrophils,
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FIGURE 1

OKT3 treatment induces cytokine release, body weight loss, and temperature drop in BRGSF-CBC mice. Presence of human proinflammatory
cytokines TNF-a, IL-2, and IL-6 (A), Type Il interferon IFN-y (B), regulatory cytokines IL1-RA and IL-10 (C), and chemokines CCL2, CXCL10, and
CXCL8 (D) in mice sera was tested at 6h, 24h, and 48h. Serum cytokine levels are shown as mean (line) and standard error (bars). Human, CCL5,
G-CSF, IFN-a2, IL-7, and CCL3 were not detected in the samples. Body weight (E) and temperature (F) were measured in all mice at 6h, 24h, and
48h post-injection. Serum levels of Serum Amyloid A (SAA) was tested at 48h (G). Individual donors are identified by symbol shapes, as indicated in
Supplementary Table 1. Green and red stars correspond to statistical tests for the indicated group, at one time point compared to TO. Black stars
correspond to statistical differences between hFlt3L treated and non-treated groups.

OKT3-induced activation was enhanced by hFIt3L pre-treatment
(Figures 2C, D, F; Supplementary Figure 3H), demonstrating that
hFIt3L-treated BRGSF-CBC mice display enhanced OKT3’s
induced features. Importantly, and as previously described (8),
hFIt3L injections boosted myeloid and dendritic cells’ percentages
(Figure 2B), and increased the total number of hCD45" cells, with
the strongest effect on dendritic cells (Supplementary Figures 3B,
D), but did not induce major activation of these cells (Figures 2C-F;
Supplementary Figures 3E-H), confirming that myeloid and
dendritic cells activation is due to OKT3 treatment alone. Taken
together, these data show that OKT?3 treatment induces changes in
human immune cell distribution (depletion of T, myeloid and
dendritic cells), and myeloid and dendritic cells’ activation.
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Additionally, increasing the number and percentages of human
myeloid and dendritic cells, through hFIt3L boost, amplifies OKT3-
induced CRS features, suggesting a significant role of these cells in
CRS development.

Infliximab pre-treatment alleviates OKT3-
induced CRS features in hFlt3L-boosted
BRGSF-CBC mice

To test the efficacy of a clinical CRS-managing therapy in this
model, BRGSF-CBC mice were treated with anti-TNF-o. antibody
Infliximab, before receiving OKT3 injections (Supplementary
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OKT3 treatment affects human immune cell distribution in BRGSF-CBC mice. Percentages of B (CD19*) and T (TCRb™) cells (A), pDCs, cDCs,
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double CD80*/CD86" cells in each population. Individual donors are identified by symbol shapes, as indicated in Supplementary Table 1. Gating
strategy is shown in Supplementary Figure 2. P value < 0.05 was considered statistically significant (*). **P<0.01, ***P<0.001, ****P<0.0001.

Figure 4A). Again, OKT3 treatment induced CRS-associated
features, namely increased human cytokine serum levels, immune
cell distribution and activation alteration, and a drop in body
weight. Mice pre-treated with Infliximab showed reduced serum
levels of IL-2, IL-6, IL-1RA, IL-10, CCL2, CXCL10, and CXCLS,
compared to isotype pre-treated mice (Supplementary Figure 4B).
Infliximab pre-treated mice also showed reduced serum levels of
TNF-o and IFN-y, compared to the OKT3 treated group (p<0.01).
Control isotype pre-treatment impacted the release of these two
cytokines. Interestingly, pDCs, cDCs, and monocytes/macrophages
depletion seemed prevented by Infliximab pre-treatment
(Supplementary Figure 4C), while T cells depletion and immune
cells” activation were not impacted (Supplementary Figures 4D, E).
Lastly, OKT3-induced body weight loss was significantly attenuated
by TNEF-o. inhibition (Supplementary Figure 4F). These data show
that anti-TNF-o pre-treatment can hamper or lessen most effects of
OKT3-induced CRS in hFlt3L-boosted BRGSF-CBC mice, thus
providing a relevant preclinical model for CRS-managing
treatments’ assessment.

OKT3-induced CRS features are broadened
in hFlt3L-boosted BRGSF-CBC compared
to BRGSF-PBMC

As OKT?3 treatment was previously shown to induce CRS features
in PBMC-HIS mice, its effect was compared in BRGSF-PBMC and
hFIt3L-boosted BRGSF-CBC mice (Supplementary Figure 5A).
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Interestingly, these models showed specific differences before
OKTS3 injection. BRGSF-PBMC mice’s humanization rate seemed
more variable than BRGSF-CBC’s, with 3 out of 7 PBMC donors
and 1 out of 10 CBC donors giving mice with a humanization rate
<30% (Supplementary Figure 5B). These mice were excluded from
further analysis. Immune cell distribution was significantly different
in these models, as BRGSF-PBMC mice immune system is mostly
constituted of T and B cells, whereas BRGSF-CBC’s shows a lower
percentage of T cells, higher percentage of B cells, and most
importantly, detectable percentages of c¢DCs, monocytes/
macrophages, and NK cells (Supplementary Figure 5C). In
addition, 70% and 3% of T cells in BRGSF-PBMC mice were
effector memory (EM) and naive cells respectively, while 30% of
T cells were naive in BRGSF-CBC mice (Supplementary Figure 5D).
Furthermore, T cells from BRGSF-PBMC mice exhibited high
expression of CD25 and LAG3, confirming a pre-activation/
exhaustion status of T cells in BRGSF-PBMC mice
(Supplementary Figure 5E). Finally, serum levels of IFN-y were
higher in BRGSF-PBMC compared to BRGSF-CBC mice
(Figure 3A, grey vs blue line). These data show that BRGSF-CBC
mice display a more diversified immune system (B and T cells,
myeloid, dendritic, and NK cells), while BRGSF-PBMC mice’s
present mostly activated T and B cells at steady state.

Upon OKT3 treatment, human cytokine serum levels were
increased with significant differences in the two models
(Figure 3A). TNF-o and IL-2 were transiently detected 2h post
OKTS3 treatment in both models, at a significantly higher level in
BRGSF-PBMC sera for TNF-o. IFN-y and IL-10 serum levels were
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(CD45™) were analyzed from all mice spleens, 24h or 48h after OKT3 treatment (D). Individual donors are identified by symbol shapes, as indicated in
Supplementary Table 3. Green and red stars correspond to statistical tests for the indicated group, at one time point compared to TO. Black stars
correspond to statistical differences between groups. P value < 0.05 was considered statistically significant (*). **P<0.01, ***P<0.001, ****P<0.0001.

also increased upon OKT3 treatment, but showed different profiles
with a peak at 6h for BRGSF-PBMC, and a maintained increase
starting at 24h in BRGSF-CBC sera. These data are consistent with a
primary activation of T cells upon anti-CD3 OKT3 treatment.
Interestingly, serum levels of myeloid-associated cytokines IL-6,
IL-1RA, CCL2, and CXCL10 were only increased upon OKT3
treatment in BRGSF-CBC mice, consistent with the presence of
myeloid and dendritic cells in this model. Both models showed a
significant body weight loss upon OKT3 injection (Figure 3B).
Splenocytes analysis revealed a transient variability of the
humanization rate of BRGSF-PBMC mice at 24h, consistent with
a high percentage of OKT3-targeted T cells in these mice, that led to
a lower humanization rate at 24h compared to 48h in this group
(Figure 3C). As previously shown, T cells were depleted in both
models at 24h and 48h (Figure 3D). Interestingly, while T cells
depletion was complete and lasting in BRGSF-CBC mice
(Figure 3D), T cells percentage was significantly higher at 48h
compared to 24h in BRGSF-PBMC mice, suggesting a recovery
from OKT3’s effect on immune cell distribution in this model, most
likely due to the initial higher number of T cells in BRGSF-PBMC vs
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BRGSF-CBC mice. T cells depletion was accompanied by increased
percentages of CD25" and LAG3" T cells, only significant at 24h
(Supplementary Figure 5F), demonstrating that OKT3-induced T
cell depletion is due to their activation and exhaustion, and
suggesting again a transient impact of OKT3 in BRGSF-PBMC
mice. T cell activation data for BRGSF-CBC mice could not be
obtained as T cells were entirely depleted upon OKT3 treatment in
this group at both studied time points. Finally, cDCs were depleted
upon OKT3 injection in BRGSF-CBC mice at 24h and 48h
(Supplementary Figure 5G), with an increased percentage of
CD86" and higher expression level of CD86 in ¢DCs
(Supplementary Figure 5H), confirming the activation of
remaining cDCs in this model. ¢cDCs activation data for BRGSF-
PBMC mice could not be obtained as cDCs are mostly absent in this
model. Taken together, these data show that although both models
are responsive to OKT3 treatment, hFlt3L-boosted BRGSF-CBC
mice display a broader range of CRS features than BRGSF-PBMC,
most likely due to their more varied human immune system. These
data are consistent with our previous observation that myeloid and
dendritic cells enhance OKT3-induced CRS-features.
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hFlt3L-boosted BRGSF-CBC mice show
CRS-associated features upon treatment
with CRS-inducing therapeutic antibodies

As hFIt3L-boosted BRGSF-CBC mice proved more responsive to
OKT3 treatment than BRGSF-PBMC miice, their reliability to predict
CRS was tested with other CRS-inducing compounds.
Blinatumomab, an anti-hCD3/anti-hCD19 bispecific antibody
approved for the treatment of Philadelphia chromosome-negative
B-cell acute lymphoblastic leukemia patients, and known to induce
CRS (15, 22, 23), was tested in hFIt3L-boosted BRGSF-CBC mice
(Supplementary Figure 6A). A significant increase in serum levels of
human TNF-o, IL-6, IFN-y, CCL2, and CXCL10 was observed at
early time points at 5 pg/kg (Supplementary Figure 6B). Serum levels
of IL-2 and IL-10 were also increased, although not significantly.
Interestingly, Blinatumomab treatment induced a decrease in body

10.3389/fimmu.2024.1357716

temperature that was transient at low concentration (2ug/kg), but
sustained and significant at 5 pug/kg (Supplementary Figure 6C).
Last, hFIt3L-boosted BRGSF-CBC mice were injected with a
myeloid-targeting anti-hVISTA antibody, JNJ (Supplementary
Figure 7A), used in a phase I clinical trial run by Janssen in
patients with advanced solid tumors in 2016 and terminated after
the occurrence of CRS-related side effects (16, 24). Interestingly,
JNJ-induced cytokine release was dose-dependent, and included
preferentially monocytes/macrophages secreted human
chemokines such as CCL5, CCL2, CXCL8, and CXCL10
(Figure 4A; Supplementary Figure 7B). TNF-o, IL-1RA, and IL-
10 serum levels were also increased. Splenocytes flow cytometry
analysis showed a depletion of monocytes/macrophages percentage
at 48h (Figure 4B), preceded at 24h by a significant increase in the
percentage of CD86" activated monocytes/macrophages
(Figure 4C). Similarly, cDCs percentage was decreased at 48h
(Figure 4D), while the percentage of activated CD86" ¢DCs was
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FIGURE 4

Anti-VISTA therapeutic antibody JNJ treatment induces cytokine release and myeloid cells depletion in hFlt3L-boosted BRGSF-CBC mice. Cytokine
serum levels (A) were analyzed in all mice upon JNJ treatment at indicated time points. Percentages of monocytes/macrophages in total human
immune cells (B), CD86" activated monocytes/macrophages (C), cDCs in total human immune cells (D), and CD86" activated cDCs (E) were analyzed
from mice spleens at 24h and 48h by flow cytometry. Individual donors are identified by symbol shapes, as indicated in Supplementary Table 5. Purple
stars correspond to statistical tests for the indicated group, at one time point compared to TO. Black stars correspond to statistical differences between
groups. P value < 0.05 was considered statistically significant (*). **P<0.01, ***P<0.001, ****P<0.0001.
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increased at 24h upon high-dose treatment (Figure 4E). These
changes were not observed in pDCs, most likely due to a lower
expression of VISTA on this population (Supplementary
Figures 7C-E). These data show that hFlt3L-boosted BRGSF-CBC
mice are responsive to a variety of known CRS-inducing agents, and
confirm that they represent a good model to test and predict CRS-
like toxicity in preclinical settings, for compounds targeting the
lymphoid, myeloid, or dendritic compartments.

Discussion

Humanized mice are increasingly used to test immunotherapies,
and the pros and cons of these models have been extensively
discussed (25). As the human immune system in PBMC-HIS mice
is composed of mature adult immune cells specific of the donor’s
immune history, it can greatly impact, and bias, immune responses.
In addition, immune cells in this model are mostly constituted of
mature T cells, as observed here in BRGSF-PBMC mice, making
PBMC-HIS mice more prone to develop acute Graft versus Host
Disease (GvHD). CBC-HIS mice do not develop acute GvHD and
their immune system is composed of more naive cells, but the
distribution of immune cells in this model is different from an
adult human immune system, as implanted cells recreate immune
populations in a murine environment. These models are useful for
different applications, but knowing their limitations is essential to
properly design experiments and interpret data (7, 25).

As previously shown, BRGSF-CBC mice display significant
presence of human myeloid and dendritic cells that can be boosted
upon hFIt3L injections (8, 9). Here, BRGSF-CBC mice were used to
test their response to known CRS-inducing compounds. We showed
that hallmark cytokines of CRS such as human IFN-y and TNF-o
were induced upon anti-CD3 antibody OKT3 treatment. This CRS-
inducing treatment also led to T, myeloid, and dendritic cells
depletion, and activation of remnant human myeloid and dendritic
cells. These changes were accompanied with a loss of body weight
and a temperature drop. Interestingly, CBC-reconstituted NSG-HIS
mice were previously described as unresponsive to a 6h-OKT3
treatment (6), although serum levels of IL-2, IL-10, TNF-0, and
IFN-y were significantly increased upon OKT3 injection. Here we
showed that hFIt3L-boosted BRGSF-CBC mice are responsive to this
treatment, with increased cytokine serum levels starting at 6h and T,
myeloid, and dendritic cells depletion. A significant decrease of body
weight and temperature starting at 24h, was also observed,
suggesting that boosted myeloid and dendritic compartments allow
for amplified CRS features upon OKT3 treatment in BRGSF-CBC
mice. Recent studies propose that T-cell engagers-induced CRS
could start with the release of TNF-o. by activated T-cells, which
would then activate myeloid cells and amplify cytokine release (18-
20). This is consistent with our observations in hFIt3L-boosted
BRGSF-CBC where therapeutics-induced release of cytokines by
activated T cells induces myeloid and dendritic cells’ activation,
illustrated by the expression of CD86 and CD80, leading to myeloid
and dendritic cells’ exhaustion and thus depletion at 24h and 48h.

We also demonstrated that anti-TNF-o, Infliximab treatment, a
clinical CRS-managing therapy, lessened OKT3-induced CRS
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features in hFlt3L-boosted BRGSF-CBC mice. Cytokine serum
levels were reduced, myeloid and dendritic cells depletion was
reversed, and body weight loss was attenuated by anti-TNF-o
injection, whereas OKT3-induced T cells depletion, myeloid and
dendritic cells activation, and temperature drop were not prevented.
This is in accordance with the previous observation that TNF-o.
secreted by activated T-cells is responsible for myeloid cells
activation and amplification of CRS features (18-20). These data
thus suggest that BRGSF-CBC mice represent a valuable model for
the assessment of CRS-managing therapies and confirm their
relevance for the study of CRS mechanisms and human myeloid
and dendritic cells contribution.

In addition, we showed that BRGSF-PBMC mice could not
display myeloid and dendritic cells depletion or activation, as they
exhibit very low levels of these cells, and released fewer cytokines than
BRGSF-CBC mice upon OKT3 treatment. These results strongly
support a role for human myeloid and dendritic cells in CRS
development, as hFlt3L-boosted BRGSF-CBC mice developed a
wider range of CRS-like features. As FIk2 is invalidated in BRGSF
mice, hFIt3L cannot directly act on mouse mature and progenitor DC.
Nevertheless, secreted human cytokines may cross-react on bystander
murine myeloid and dendritic cells and thus a contribution of these
cells to the induction of CRS cannot be excluded. Further
investigations need to be performed to decipher the respective roles
of murine and human cells in CRS induction in this model.

Finally, we show that hFIt3L-boosted BRGSF-CBC are responsive
to other known CRS-inducing agents (15, 16), targeting not only T,
but also B, myeloid, and dendritic cells. Indeed, treatment with anti-
CD19/anti-CD3 bispecific antibody Blinatumomab induced the
release of hallmark cytokines of CRS, as well as a temperature
drop. Myeloid-targeting with anti-hVISTA antibody JNJ induced
the release of CRS-associated human cytokines, particularly
monocytes/macrophages secreted and chemo-attractants’
chemokines such as CCL2, CCL5, and CXCL8. Additionally, JNJ
treatment led to a significant activation of monocytes/macrophages
and cDCs, followed by a depletion of these cells” percentages, most
likely due to activation-induced cell death or FcyR-mediated
depletion. Interestingly, CRS features induced by Blinatumomab
and JNJ administration differ from those observed after OKT3
treatment in nature and/or timing, suggesting that different time
points should be tested when assessing CRS with a novel compound
in this model. Importantly, hFlt3L-boosted BRGSF-CBC mice were
used to assess the potential toxicity of a novel conditionally active
anti-VISTA antibody (SNS-101), and showed no significant CRS
features in preclinical settings (manuscript in preparation), as
opposed to the anti-VISTA antibody JNJ used in this study. SNS-
101 is now being evaluated in patients with advanced solid tumors in
a phase I/II clinical trial (26). This thus validate the model’s relevancy
for the preclinical assessment and translatability prediction of
therapeutics-induced cytokine release.

Taken together, these data show that BRGSF-CBC mice exhibit
a functional human immune system including lymphoid, myeloid,
and dendritic compartments, and represent a reliable model to
dissect the contribution of any of these compartments to CRS and
assess CRS-managing therapies. The significant presence of human
myeloid and dendritic cells in these mice enhances CRS-associated
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features and provides increased versatility for relevant testing of
myeloid- or dendritic-targeting compounds.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

Ethical approval was not required for the studies on humans in
accordance with the local legislation and institutional requirements
because only commercially available established cell lines were used.
The animal study was approved by comite ethique VetAgro - Sup n°
18. The study was conducted in accordance with the local legislation

and institutional requirements.

Author contributions

GM: Conceptualization, Data curation, Formal Analysis,
Methodology, Validation, Writing - original draft, Writing -
review & editing. AG: Formal Analysis, Investigation, Writing —
review & editing. PM-J: Conceptualization, Data curation, Formal
Analysis, Methodology, Validation, Writing — review & editing. FR-
D: Conceptualization, Data curation, Formal Analysis,
Methodology, Writing — original draft, Writing - review &
editing. ZB: Methodology, Resources, Writing — review & editing.
AC: Methodology, Resources, Writing - review & editing.
AM: Methodology, Resources, Writing — review & editing. TT:
Methodology, Resources, Writing - review & editing. AD:
Methodology, Resources, Writing - review & editing.
DC: Methodology, Resources, Writing — review & editing. LB:
Methodology, Resources, Writing - review & editing. EvdH:
Methodology, Resources, Writing - review & editing. AR: Data
curation, Formal Analysis, Validation, Visualization, Writing -
original draft, Writing - review & editing. KT: Conceptualization,
Methodology, Supervision, Writing - review & editing.

References

1. Abramowicz D, Schandene L, Goldman M, Crusiaux A, Vereerstraeten P, De
Pauw L, et al. Release of tumor necrosis factor, interleukin-2, and gamma-interferon in
serum after injection of OKT3 monoclonal antibody in kidney transplant recipients.
Transplantation (1989) 47(4):606-8. doi: 10.1097/00007890-198904000-00008

2. Winkler U, Jensen M, Manzke O, Schulz H, Diehl V, Engert A. Cytokine-release
syndrome in patients with B-cell chronic lymphocytic leukemia and high lymphocyte
counts after treatment with an anti-CD20 monoclonal antibody (rituximab, IDEC-
C2B8). Blood (1999) 94(7):2217-24. doi: 10.1182/blood.V94.7.2217.419k02_2217_2224

3. Rotz §J, Leino D, Szabo S, Mangino JL, Turpin BK, Pressey JG. Severe cytokine
release syndrome in a patient receiving PD-1-directed therapy. Pediatr Blood Cancer.
(2017) 64(12). doi: 10.1002/pbc.26642

4. Shimabukuro-Vornhagen A, Godel P, Subklewe M, Stemmler HJ, Schlosser HA,
Schlaak M, et al. Cytokine release syndrome. ] Immunother Cancer. (2018) 6(1):56. doi:
10.1186/s40425-018-0343-9

Frontiers in Immunology

10.3389/fimmu.2024.1357716

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

Acknowledgments

We would like to thank all genOway’s employees who
participated in this study. The author(s) declare financial support
was received for the research, authorship, and/or publication of
this article.

Conflict of interest

Authors GM, AG, PM-], FR-D, AR, and KT were employed by
the company genOway. Authors ZB, AC, AM, TT, and EH were
employed by the company Sensei Biotherapeutics. Authors AD, DC,
and LB were employed by the company Crown Bioscience. The
BRGSF strain is commercialized by genOway. genOway also
provides commercial immuno-oncology services.

The authors declare that this study received funding from
genOway and Sensei Biotherapeutics. The funders had the
following involvement in the study: study design, data collection
and analysis, decision to publish and preparation of the manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1357716/
full#supplementary-material

5. Donnadieu E, Luu M, Alb M, Anliker B, Arcangeli S, Bonini C, et al. Time to
evolve: predicting engineered T cell-associated toxicity with next-generation models. ]
Immunother Cancer (2022) 10(5). doi: 10.1136/jitc-2021-003486

6. Matas-Cespedes A, Brown L, Mahbubani KT, Bareham B, Higgins J, Curran M,
et al. Use of human splenocytes in an innovative humanised mouse model for
prediction of immunotherapy-induced cytokine release syndrome. Clin Transl
Immunol (2020) 9(11):e1202. doi: 10.1002/cti2.1202

7. Curran M, Mairesse M, Matas—Cespedes A, Bareham B, Pe]legrini G, Liaunardy A,
et al. Recent advancements and applications of human immune system mice in
preclinical immuno-oncology. Toxicol Pathol (2020) 48(2):302-16. doi: 10.1177/
0192623319886304

8. Lopez-Lastra S, Masse-Ranson G, Fiquet O, Darche S, Serafini N, Li Y, et al. A
functional DC cross talk promotes human ILC homeostasis in humanized mice. Blood
Adv (2017) 1(10):601-14. doi: 10.1182/bloodadvances.2017004358

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1357716/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1357716/full#supplementary-material
https://doi.org/10.1097/00007890-198904000-00008
https://doi.org/10.1182/blood.V94.7.2217.419k02_2217_2224
https://doi.org/10.1002/pbc.26642
https://doi.org/10.1186/s40425-018-0343-9
https://doi.org/10.1136/jitc-2021-003486
https://doi.org/10.1002/cti2.1202
https://doi.org/10.1177/0192623319886304
https://doi.org/10.1177/0192623319886304
https://doi.org/10.1182/bloodadvances.2017004358
https://doi.org/10.3389/fimmu.2024.1357716
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Martin et al.

9. Li Y, Mention JJ, Court N, Masse-Ranson G, Toubert A, Spits H, et al. A novel
Flt3-deficient HIS mouse model with selective enhancement of human DC
development. Eur J Immunol (2016) 46(5):1291-9. doi: 10.1002/ji.201546132

10. Harada S, Kimura T, Fujiki H, Nakagawa H, Ueda Y, Itoh T, et al. Flt3 ligand
promotes myeloid dendritic cell differentiation of human hematopoietic progenitor
cells: possible application for cancer immunotherapy. Int J Oncol (2007) 30(6):1461-8.
doi: 10.3892/ij0.30.6.1461

11. Kikushige Y, Yoshimoto G, Miyamoto T, Iino T, Mori Y, Iwasaki H, et al.
Human FIt3 is expressed at the hematopoietic stem cell and the granulocyte/
macrophage progenitor stages to maintain cell survival. J Immunol (2008) 180
(11):7358-67. doi: 10.4049/jimmunol.180.11.7358

12. Sitnicka E, Buza-Vidas N, Larsson S, Nygren JM, Liuba K, Jacobsen SE. Human
CD34+ hematopoietic stem cells capable of multilineage engrafting NOD/SCID mice
express flt3: distinct flt3 and c-kit expression and response patterns on mouse and
candidate human hematopoietic stem cells. Blood (2003) 102(3):881-6. doi: 10.1182/
blood-2002-06-1694

13. Bargou R, Leo E, Zugmaier G, Klinger M, Goebeler M, Knop S, et al. Tumor
regression in cancer patients by very low doses of a T cell-engaging antibody. Science
(2008) 321(5891):9747. doi: 10.1126/science.1158545

14. Yuan L, Tatineni J, Mahoney KM, Freeman GJ. VISTA: A mediator of
quiescence and a promising target in cancer immunotherapy. Trends Immunol
(2021) 42(3):209-27. doi: 10.1016/5.it.2020.12.008

15. Teachey DT, Rheingold SR, Maude SL, Zugmaier G, Barrett DM, Seif AE, et al.
Cytokine release syndrome after blinatumomab treatment related to abnormal
macrophage activation and ameliorated with cytokine-directed therapy. Blood (2013)
121(26):5154-7. doi: 10.1182/blood-2013-02-485623

16. Research J, Development L. A Study of Safety, Pharmacokinetics,
Pharmacodynamics of JNJ-61610588 in Participants With Advanced Cancer .
Available at: https://classic.clinicaltrials.gov/show/NCT02671955.

17. Labarthe L, Henriquez S, Lambotte O, Di Santo JP, Le Grand R, Pflumio F, et al.
Frontline Science: Exhaustion and senescence marker profiles on human T cells in

Frontiers in Immunology

11

10.3389/fimmu.2024.1357716

BRGSF-A2 humanized mice resemble those in human samples. ] Leukoc Biol (2020)
107(1):27-42. doi: 10.1002/JLB.5HI1018-410RR

18. LiJ, Piskol R, Ybarra R, Chen YJ, Li J, Slaga D, et al. CD3 bispecific antibody-
induced cytokine release is dispensable for cytotoxic T cell activity. Sci Transl Med
(2019) 11(508). doi: 10.1126/scitranslmed.aax8861

19. Godbersen-Palmer C, Coupet TA, Grada Z, Zhang SC, Sentman CL. Toxicity
induced by a bispecific T cell-redirecting protein is mediated by both T cells and
myeloid cells in immunocompetent mice. J Immunol (2020) 204(11):2973-83. doi:
10.4049/jimmunol.1901401

20. Leclercq G, Steinhoff N, Haegel H, De Marco D, Bacac M, Klein C. Novel
strategies for the mitigation of cytokine release syndrome induced by T cell engaging
therapies with a focus on the use of kinase inhibitors. Oncoimmunology (2022) 11
(1):2083479. doi: 10.1080/2162402X.2022.2083479

21. Wong JT, Eylath AA, Ghobrial I, Colvin RB. The mechanism of anti-CD3
monoclonal antibodies. Mediation of cytolysis by inter-T cell bridging. Transplantation
(1990) 50(4):683-9. doi: 10.1097/00007890-199010000-00030

22. Ojemolon PE, Kalidindi S, Ahlborn TA, Aihie OP, Awoyomi MI. Cytokine
release syndrome following blinatumomab therapy. Cureus (2022) 14(1):e21583. doi:
10.7759/cureus.21583

23. Goebeler ME, Bargou R. Blinatumomab: a CD19/CD3 bispecific T cell engager
(BiTE) with unique anti-tumor efficacy. Leuk Lymphoma. (2016) 57(5):1021-32. doi:
10.3109/10428194.2016.1161185

24. Tagliamento M, Bironzo P, Novello S. New emerging targets in cancer
immunotherapy: the role of VISTA. ESMO Open (2020) 4(Suppl 3):e000683. doi:
10.1136/esmoopen-2020-000683

25. De La Rochere P, Guil-Luna S, Decaudin D, Azar G, Sidhu SS, Piaggio E.
Humanized mice for the study of immuno-oncology. Trends Immunol (2018) 39
(9):748-63. doi: 10.1016/}.it.2018.07.001

26. Sensei Biotherapeutics I, Pharmaceuticals R. A Study of SNS-101 (Anti VISTA)
Monotherapy and in Combination With Cemiplimab in Patients With Advanced Solid
Tumors (2023). Available at: https://classic.clinicaltrials.gov/show/NCT05864144.

frontiersin.org


https://doi.org/10.1002/eji.201546132
https://doi.org/10.3892/ijo.30.6.1461
https://doi.org/10.4049/jimmunol.180.11.7358
https://doi.org/10.1182/blood-2002-06-1694
https://doi.org/10.1182/blood-2002-06-1694
https://doi.org/10.1126/science.1158545
https://doi.org/10.1016/j.it.2020.12.008
https://doi.org/10.1182/blood-2013-02-485623
https://classic.clinicaltrials.gov/show/NCT02671955
https://doi.org/10.1002/JLB.5HI1018-410RR
https://doi.org/10.1126/scitranslmed.aax8861
https://doi.org/10.4049/jimmunol.1901401
https://doi.org/10.1080/2162402X.2022.2083479
https://doi.org/10.1097/00007890-199010000-00030
https://doi.org/10.7759/cureus.21583
https://doi.org/10.3109/10428194.2016.1161185
https://doi.org/10.1136/esmoopen-2020-000683
https://doi.org/10.1016/j.it.2018.07.001
https://classic.clinicaltrials.gov/show/NCT05864144
https://doi.org/10.3389/fimmu.2024.1357716
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Myeloid and dendritic cells enhance therapeutics-induced cytokine release syndrome features in humanized BRGSF-HIS preclinical model
	Introduction
	Methods
	Human samples
	Animals
	Animal treatments
	Clinical monitoring
	Blood sampling and serum preparation
	Spleen sampling and preparation
	Flow cytometry
	Cytokine quantification by Multiplex ELISA
	ALAT, AST and SAA dosages
	Statistical analyses

	Results
	hFlt3L pre-treatment enhances OKT3-induced cytokine release, body weight loss, and temperature drop in BRGSF-CBC mice
	OKT3’s impact on human immune cell distribution is intensified by hFlt3L boost in BRGSF-CBC mice
	Infliximab pre-treatment alleviates OKT3-induced CRS features in hFlt3L-boosted BRGSF-CBC mice
	OKT3-induced CRS features are broadened in hFlt3L-boosted BRGSF-CBC compared to BRGSF-PBMC
	hFlt3L-boosted BRGSF-CBC mice show CRS-associated features upon treatment with CRS-inducing therapeutic antibodies

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


