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Abstract

Recent advances in cancer immunotherapy, particularly the success of immune checkpoint inhibitors, have reignited inter-
est in targeted monoclonal antibodies for immunotherapy. Antibody therapies aim to minimize on-target, off-tumor toxicity
by targeting antigens overexpressed on tumor cells but not on healthy cells. Despite considerable efforts, some therapeutic
antibodies have been linked to dose-limiting side effects. Our hypothesis suggests that the efficacy of IgG leads to a lower
target expression threshold for tumor cell killing, contributing to these side effects. Earlier, therapeutic IgG antibodies were
reformatted into the IgA isotype. Unlike IgG, which primarily engages Fc gamma receptors (FcyR) to induce antibody-
dependent cellular cytotoxicity (ADCC) by NK cells and antibody-dependent cellular phagocytosis (ADCP) by monocytes/
macrophages, IgA antibodies activate neutrophils through the Fc alpha receptor I (CD89, FcaRI). In previous studies, it
appeared that IgA may require a higher target expression threshold for effective killing, and we aimed to investigate this
in our current study. Moreover, we investigated how blocking the myeloid checkpoint CD47/SIRPa axis affect the target
expression threshold. Using a tetracycline-inducible expression system, we regulated target expression in different cell lines.
Our findings from ADCC assays indicate that [gA-mediated PMN ADCC requires a higher antigen expression level than
IgG-mediated PBMC ADCC. Furthermore, blocking CD47 enhanced IgA-mediated ADCC, lowering the antigen threshold.
Validated in two in vivo models, our results show that IgA significantly reduces tumor growth in high-antigen-expressing
tumors without affecting low-antigen-expressing healthy tissues. This suggests IgA-based immunotherapy could potentially
minimize on-target, off-tumor side effects, improving treatment efficacy and patient safety.
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PMN  Human polymorphonuclear leukocytes
PBMC Peripheral blood mononuclear cells
RBC Red blood cell

RPMI  Roswell Park Memorial Institute

rtTA Reverse transcriptional activator

s.C. Subcutaneous
TAA Targeting tumor-associated antigens

Introduction

Immunotherapy using IgG monoclonal antibodies (mAbs)
and immune checkpoint inhibitors has emerged as an impor-
tant approach in the current cancer treatment regimen. The
mechanisms of action of IgG antibodies include Fab-medi-
ated, Fc-mediated, or a combination of both interactions.
For instance, through Fab-mediated binding, antibodies
can effectively disrupt the interaction between the receptor
and its natural ligand, resulting in the impairment of down-
stream signaling pathways [1, 2]. Moreover, IgG antibodies
can activate various Fc-mediated effector functions includ-
ing the initiation of the complement-dependent cytotoxicity
(CDC) pathway through engagement with the C1q bind-
ing site. Additionally, IgG antibodies can activate immune
responses by engaging with Fc gamma receptors (FcyRs),
thereby inducing ADCC and ADCP [3-5].

NK cell-mediated ADCC involves the release of gran-
zymes and perforins, and is induced by the interaction
between the antibody's Fc domain and FcyRIIla, important
for tumor cell elimination [4, 6-8]. Alternatively, neutrophils
are another immune cell subset capable of inducing ADCC,
through engagement of another FcyR, namely FcyRIIA [9].
However, neutrophils also express an inhibitory receptor,
FcyRIIB, and a non-signaling receptor, FcyRIIIB. These
two receptors outcompete IgG binding to FcyRIIA and,
consequently, neutrophil-mediated ADCC is not efficiently
induced by IgG. As a result, ADCC and ADCP by myeloid
cells are predominantly dependent on monocytes/mac-
rophages rather than neutrophils [9].

Despite the promising therapeutic benefits of [gG mAbs,
side effects are common. These side effects can be severe,
necessitating treatment modification or discontinuation,
negatively impacting patients' quality of life [10, 11].
Side effects caused by targeting tumor-associated antigens
(TAAs) expressed on healthy tissues, known as on-target,
off-tumor side effects, are especially concerning. These have
been observed with commonly used monoclonal antibodies
such as cetuximab, trastuzumab and rituximab. Cetuximab,
an anti-epithelial growth factor receptor (EGFR) antibody,
has been linked to skin toxicity, resulting in mild to severe
rashes and eczema symptoms, due to EGFR expression on
keratinocytes [11-14]. Whereas trastuzumab, an antibody
directed against the human epithelial receptor 2 (HER2),
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is often used in the treatment of HER2-positive breast can-
cer patients. However, treatment has been associated with
cardiotoxicity, which has been linked to HER2 expression
in cardiomyocytes [15-17]. Cardiotoxic effects have been
observed when trastuzumab was combined with chemo-
therapeutic agents known to cause cardiac stress. Addition-
ally, patients with pre-existing cardiac conditions are more
vulnerable to trastuzumab-induced cardiotoxicity, making it
an unsuitable treatment approach for this patient population
[18]. In the context of hematological tumors, Rituximab,
used in the treatment of non-Hodgkin's lymphoma, has been
shown to deplete healthy B cells. This poses a concern for
some pediatric and adult patients, as it can occasionally lead
to immunoglobulin insufficiency, making them more suscep-
tible to infections [19, 20].

TAAs are generally characterized by higher expression
levels on tumor cells compared to healthy tissues [21]. Oth-
ers have demonstrated attempts to precisely target high anti-
gen expression levels, with success in avoiding side effects
associated with unintentional targeting of healthy tissue
[22]. For example, there have been no reports of skin toxic-
ity from nimotuzumab, an EGFR antibody that selectively
binds bivalently, thus only cells with high EGFR expression
levels [23]. Hence, a viable approach to mitigate on-target,
off-tumor side effects is to direct antibodies toward cells
with high antigen expression levels. Existing literature sug-
gests that there is a threshold for IgG-mediated targeting
[24], and this threshold is relatively low, possibly failing to
distinguish between tumor cells with high antigen expres-
sion and healthy cells with low antigen expression [25-27].
In contrast, antibodies of a different isotype, IgA antibod-
ies, were reported to require higher expression levels to effi-
ciently kill the target cell [26, 28], suggesting that IgA are
less likely to cause on-target, off-tumor side effects.

Therapeutic IgA antibodies have recently been explored
as an alternative to conventional IgG-based immunothera-
pies [29-32]. IgA antibodies have demonstrated compara-
ble Fab-binding characteristics as their IgG counterparts.
Moreover, IgA can activate Fc-dependent effector functions,
such as ADCC and ADCP, albeit by interacting with other
immune cells and Fc receptors [28, 33-35]. The primary
receptor for IgA is FcaRI (CD89), which is predominantly
expressed on neutrophils, eosinophils, monocytes, and mac-
rophages [36, 37]. As previously mentioned, neutrophils are
not efficiently activated by IgG antibodies. In comparison,
IgA binding to FcaRI robustly induces neutrophil-mediated
ADCC against tumor cells [28, 38—40]. IgA therapy as can-
cer therapy holds promise as a strategy to reduce on-target,
off-tumor side effects.

IgA predominantly activates neutrophils as the pri-
mary subset of effector cells, yet their activity is also
regulated by myeloid checkpoints, among other regula-
tory mechanisms. To avoid immune surveillance, tumor
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cells overexpress myeloid checkpoint molecules. The
CD47/SIRPa axis is one of such interactions between
tumor cells and neutrophils [9, 41-44]. Combining IgA
immunotherapy with CD47 blockade has been shown to
improve IgA-mediated neutrophil cytotoxicity [31, 45,
46]. However, the effect of the CD47/SIRPa axis on the
antigen expression threshold required for effective IgA
therapy has yet to be investigated.

We hypothesized that IgA may require higher antigen
expression levels than IgG for the induction of effective
ADCC, and may potentially be influenced by the myeloid
checkpoint axis CD47/SIRPa. To address this possibil-
ity, we used doxycycline-inducible cell lines expressing
HER?2 or EpCAM to investigate how antigen expression
levels influence ADCC mediated by both IgG and IgA
antibodies. In addition, we assessed the role of the CD47/
SIRPa axis in IgA-induced neutrophil cytotoxicity.

Materials and methods
Antibodies

Trastuzumab (Herceptin, an anti-HER2 IgG1 antibody)
was purchased from the University Utrecht pharmacy.
IgA3.0 trastuzumab was generated by Wuxi Biologics
through the expression in CHO-K1 cells, followed by
affinity purification. The CD47 blocking protein (SIRPa
fusion protein) was created as an engineered human
SIRPa D1 domain fused to IgG1 L234A/L235A/P329G
(LALAPG), demonstrating high affinity for both mouse
and human CD47, as previously described [47]. The
SIRPa fusion protein, IgG1 human engineered ING-1
(heING1, anti-EpCAM), IgA3.0 heING1 and mCD20 abs
were all produced and affinity purified in-house using
the previously described method [48]. In brief, antibodies
were produced via transient transfection of ExpiCHO-
S cells (Thermo Fisher Scientific). Subsequently, the
antibody-containing supernatant was subjected to affin-
ity chromatography. IgG antibodies were purified using
a HiTrap® Protein A column (Cytiva) connected to an
AKTA liquid chromatography system (Cytiva); whereas,
IgA3.0 antibodies were purified using a HiTrap® Kap-
paSelect column (Cytiva). The IgA3.0 eluate was further
purified using size exclusion chromatography; whereas,
the IgG eluate was dialyzed against PBS overnight. Puri-
fied antibodies were filtered through a 0.22 pm filter, and
their concentrations were determined by measuring UV
absorbance at 280 nm, using the corresponding extinction
coefficient (€280). Hereafter, all IgA antibodies are of the
IgA3.0 isotype unless stated otherwise.

Cell culture

Cell lines were obtained from American Type Culture Col-
lection (ATCC) and cultured at 37 °C in a humidified incu-
bator containing 5% CO, unless stated otherwise. SK-BR-3,
BCL-1, A431-luc2 and A431-luc2-HER2 cells were cultured
in Roswell Park Memorial Institute (RPMI, Thermo Fisher
Scientific) supplemented with 10% heat-inactivated fetal calf
serum (FCS) and 100 U/mL penicillin—streptomycin (Pen/
Strep, Gibco, life technologies), hereafter called complete
RPMI medium. A431-luc2 cells were generated by lentivi-
ral transduction with a luciferase-GFP construct, and A431-
luc2-HER?2 was additionally retrovirally transduced with
HER?2. A431-luc2-HER?2 cells were cultured with complete
RPMI medium under 0.5 pg/mL puromycin (Sigma) selec-
tion. MDA-MB-175, MDA-MB-453 and MDA-MB-468
were cultured in Leibovitz's L-15 (Thermo Fisher Scien-
tific) supplemented with 10% FCS and 100 U/mL Pen/Strep
without CO, exchange. Cells were not cultured beyond 20
passages and were regularly tested for mycoplasma contami-
nation using a Mycoalert mycoplasma detection kit (Lonza).

Generation of tetracycline (Tet) inducible cell lines

Tet-inducible cell lines were generated by lentiviral trans-
duction, using the pINDUCER20 plasmid kindly gifted by
Hugo Snippert. The plasmid containing either HER2 or
EpCAM genes was introduced into HEK293T and HeLa
cells, respectively. The pINDUCER?20 plasmid incorporates
the target gene under the regulation of a doxycycline (dox)-
inducible promoter based on the bacterial Tet-on system.
This system enables gene expression upon exposure to dox
in a concentration-dependent manner. Subsequently, cells
were sorted and subcloned to establish stable cell lines with
consistent and homogenous induction profiles. Clones were
screened by inducing cells for 24-h with titrated dox concen-
trations, and induction was confirmed through flow cytom-
etry analysis. HeLa cells with inducible EpCAM expres-
sion (HeLa-EpCAM) and HEK293T cells with inducible
HER2 expression (HEK293T-HER?2) were cultured in RPMI
(Thermo Fisher Scientific) supplemented with 10% Tet
System Approved FBS (Takara), 100 U/mL Pen/Strep, and
0.3 pg/mL or 0.75 pg/mL puromycin, respectively. MDA-
MB-231 cells with inducible HER2 expression (MDA-MB-
231-HER?2) were maintained in RPMI (Thermo Fisher Sci-
entific) supplemented with 10% Tet System Approved FBS
(Takara) and 100 U/mL Pen/Strep.

Flow cytometry
Surface protein expression was analyzed with flow cytom-

etry. A total of 1x 10° cells were stained with antibody
(Table 1) in FACS buffer (PBS, 0.01% bovine serum
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Table 1 Antibodies for flow cytometry

Target Fluorophore Clone Manufacturer

CD47 Pacific blue CC2C6 Biolegend, 323,127
CD47 Unconjugated CC2C6 Biolegend, 323,102
HER2 Alexa fluor 647 24D2 Biolegend, 324,412
HER2 Unconjugated H2Mab-77 Biolegend, 399,402
EpCAM PE 9C4 Biolegend, 324,205
EpCAM Unconjugated 9C4 Biolegend, 324,201
mCD20 APC SA275A11 Biolegend, 150,411

albumin, 0.01% sodium azide) for 45 min on ice. To deter-
mine the absolute molecules per cell we performed a
QIFIKIT (Agilent/Dako) analysis. Assay was performed
according to manufacturer’s instructions. Cells were stained
with a saturating concentration of 10 ug/mL unconjugated
mouse [gG monoclonal antibody directed against HER2 or
EpCAM (Table 1) Measurements were performed on BD
FACS Canto II.

ADCC assays

S1Cr release ADCC assays were carried out as previously
described [49]. When applicable, the expression of the tar-
get antigen was induced in Tet-inducible cell lines one day
prior to the ADCC assay. To induce target antigen expres-
sion, cells were treated with doxycycline at concentrations of
0-1 pg/mL in a three-fold dilution series, and incubated for
24-h. Target cells were labeled with 100 pCi chromium-51
(PerkinElmer) per million cells for at least 2 h at 37 °C and
5% CO,. After labeling, the cells were washed three times
with medium. For certain experiments, cells were either pre-
treated with 10 pg/mL of SIRP« fusion protein for 30 min at
room temperature, or the SIRPa fusion protein was directly
added to the co-culture at a final concentration of 10 pg/
mL, aiming to block CD47. Human polymorphonuclear
leukocytes (PMNs) and peripheral blood mononuclear cells
(PBMCs) were isolated from peripheral blood from healthy
donors at the UMC Utrecht using Ficoll density gradient
centrifugation. After collecting the PBMC layer, the remain-
ing pellet was subjected to erythrocyte lysis using red blood
cell (RBC) Lysis Buffer (Biolegend) and PMNs were col-
lected. PMNs and PBMCs were then co-cultured with the
labeled target cells at effector-to-target (E:T) ratios of 40:1
and 100:1, respectively. Antibodies were added at the speci-
fied concentrations for each experiment. After a 4-h incuba-
tion at 37 °C and 5% CO,, plates were centrifuged, and the
supernatant was transferred to a lumaplate (PerkinElmer) for
measurement on a beta-gamma counter to quantify radioac-
tive scintillation (in cpm) (PerkinElmer). Specific lysis was
calculated using the formula: ((Experimental cpm—basal
cpm)/(maximal cpm—basal cpm)) x 100. Maximal cpm was
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determined by treating target cells with 5% Triton X-100
(Sigma-Aldrich); while, basal cpm was determined by chro-
mium release of target cells in the absence of antibodies and
effector cells.

Mice

All mice were bred and maintained at Janvier Labs in Paris,
France. After being transported to University of Utrecht's
Central Laboratory Animal Research Facility for the experi-
ment, mice were acclimatized for at least one week prior to
the start of the experiment. Mice were housed in a tempera-
ture-controlled environment with a 12:12 h light—dark cycle
with access to food and water ad libitum.

A431 long i.p. xenograft model

Female human FcaRI (CD89) transgenic (Tg) mice were
used in the experiment, which were previously generated at
UMC Utrecht and backcrossed on a SCID (CB-17/Icr-Prk-
descid/scid/Rj) background [50]. Female transgene-negative
(non-Tg) littermates were used in both the solvent control
(PBS) and the IgG treatment groups. Because these treat-
ment groups do not receive IgA, the presence of CD89 is
not required. Importantly, there are no differences in tumor
outgrowth between CD89 Tg mice and non-Tg littermates,
allowing for combined use in the same experiment [51].
All mice ranged in age from 8 to 26 weeks at the time of
the experiment. Both the treatment and the analysis were
double-blind.

For the A431-luc2 model, a total of 1x 10° A431-luc2
cells were injected intraperitoneally (i.p.) on day 0. On
days 3 and 7, PEG-G-CSF (20 g) was subcutaneously (s.c.)
injected. The tumors were measured using bioluminescence
imaging (BLI) after 4 days, and the treatment groups were
randomized based on tumor size, with treatment beginning
on day 5. Mice were treated i.p. with either 2 mg/kg IgG
HER?2 (trastuzumab) once per week or 2 mg/kg IgA HER2
three times per week till the end of the experiment. Because
IgA has a shorter half-life than IgG, it was administered
more frequently to match IgG serum levels [52]. Addition-
ally, CD47 was blocked in combination with IgA treatment.
On day 5, 14, 24 and 33, an amount of 30 mg/kg SIRPa
fusion protein was injected intraperitoneally. As a solvent
control, mice received PBS. A total of 10 mice were used for
each treatment group. Tumor growth was monitored twice a
week using BLI. Mice were sacrificed by cervical disloca-
tion upon reaching humane endpoint.

For the A431-luc2-HER2 model, 1 X 10° A431-luc2-
HER?2 cells were injected i.p. on day 0. On day 6, 20 ug of
PEG-G-CSF was administered s.c., followed by a BLI meas-
urement. Subsequently, treatment groups were randomized
based on tumor size, and treatment (i.p.) started on day 7.
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IgG HER?2 received 10 pg on days 7 and 14; while, IgA
HER?2 received 10 pg daily for 10 days. The vehicle control
group received PBS on days 7 and 14. BLI measurements
were performed twice a week to monitor tumor outgrowth.
Mice were euthanized by cervical dislocation upon reaching
the humane endpoint.

mCD20 B cell depletion assay

CD89 Tg mice backcrossed on a Balb/c background were
given a single intravenous (i.v.) injection of either PBS,
5 mg/kg murine IgG2a ADCC +mCD20 (modified mouse
IgG with enhanced ADCC capacity (afucosylated) [53])
or IgA-Alb8 mCD20 (with improved half-life, patent
US20170210789A1). 9 mice were included per group. B
cell depletion was determined at different time points in
blood, liver, spleen, lymph nodes and bone marrow by flow
cytometry analysis (Supplementary Table 1).

BCL-1 i.v. syngeneic mouse model

A BCL-1 lymphoma mouse model was established using
female CD89 Tg Balb/c mice. On day 0, 5x 10° BCL-1-
luc2 cells were injected i.v. along with a dose of PEG-G-
CSF (20 ug, s.c.). On day 7, another dose of PEG-G-CSF
was administered. Treatment with PBS, 6 mg/kg IgG2a
ADCC+mCD20 or 6 mg/kg IgA-Alb8 mCD20 started at
day 3. IgA was given on days 3,5,7,10,12 and 14; while,
IgG was given on days 3 and 10. The dosing regimen for
each antibody was adjusted to ensure similar serum levels
[48]. BLI was performed twice a week to monitor tumor
growth. Both the treatment and the analysis were double-
blind. Mice were sacrificed by cervical dislocation upon
reaching humane endpoint.

Ethical approval

This study involves human participants and was approved by
UMC Utrecht 07—-125. Participants gave informed consent to
participate in the study before taking part. All animal experi-
ments followed international guidelines and were approved
by the national Central Authority for Scientific Procedures
on Animals (CCD) and the local experimental animal wel-
fare organization (AVD115002016410).

Data processing and statistical analyses

Flow cytometry data were analyzed using FlowJo soft-
ware (TreeStar). Statistical analyses were performed using
GraphPad Prism 9.3.0 (GraphPad Software Inc.). Specific
statistical tests performed for each experiment are indicated
in the corresponding figure legends. Data are presented as
mean =+ standard deviation (SD) or standard error of mean

(SEM) and a p value of less than 0.05 was considered statis-
tically significant. Graphs and figures were generated using
the software, Adobe Illustrator and Biorender. Imaging data
were analyzed using Imaris (Bitplane).

Data availability

The data generated in this study are available upon request
from the corresponding author.

Results

HER2 expression levels influence IgG
and IgA-mediated ADCC capacity in breast cancer
cell lines.

HER2 expression levels are important in determining
the course of immunotherapy treatment for breast can-
cer patients. The HER?2 classification of breast tumors is
determined through immunohistochemistry staining (IHC),
which uses a scale ranging from 0 to 3+. Only a score of
3 +is considered HER2-positive, leading to treatment with
trastuzumab (hereafter [gG HER?2). We selected four cell
lines, each of which corresponded to one of the four HER2
scores. Specifically, SK-BR-3 (3 +) is classified as HER2-
positive; while, MDA-MB-453 (2 +) expresses lower HER2
levels, falling within the borderline positive range. MDA-
MB-175 (1+) and MDA-MB-468 (0+) are both categorized
as HER2-negative.

We translated these IHC scores into absolute numbers
of molecules expressed on the cell surface per cell using
QIFIKIT analysis (Error! Reference source not found.A).
Subsequently, we investigated how these expression levels
correlated with the ADCC capacity elicited by IgG HER2
and IgA HER?2 antibodies. All four cell lines were tested in
a 4-h >1Cr release assay using PBMCs as effector cells to
induce IgG-mediated killing and PMNs for IgA-mediated
killing (Fig. 1B). In a previous study, we tested the ADCC
capacity of IgG using PMNs and IgA using PBMCs [49].
However, we observed no to limited killing under these con-
ditions. Therefore, in this study we tested IgA with PMNs
and IgG with PBMCs to better reflect the primary effector
mechanisms of each isotype. As expected, both HER2-neg-
ative cell lines, MDA-MB-468 (0) and MDA-MB-175 (1 +),
remained resistant to killing. Moreover, both IgG HER?2 and
IgA HER?2 induced killing of SK-BR-3 (3 +) cells. Addition-
ally, we observed comparable lysis with [gG HER?2 against
SK-BR-3 (3+) and MDA-MB-453 (2+) at 10 pg/mL. In
contrast, IgA HER?2 did not significantly induce any kill-
ing against MDA-MB-453, suggesting that the IgA-induced
ADCC capacity is less efficient at lower expression levels
(Fig. 1A, B).
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Fig. 1 Influence of HER2 and CDA47 expression levels on IgG and
IgA-mediated ADCC capacity in breast cancer cell lines. A HER2
expression levels depicted as number of molecules per cell on breast
cancer cell lines: MDA-MB-468, MDA-MB-175, MDA-MB-453,
and SK-BR-3. Expression levels were quantified by QIFIKIT
using 10 pg/mL mlIgGl anti-human HER2 antibody. Data shown
as mean+SD from three independent experiments. B PBMC- and
PMN-mediated ADCC of the breast cancer cell lines, using IgG1
HER2 and IgA HER2, respectively. Significance was determined
as compared to MDA-MB-468. Assay was performed in technical
triplicates and repeated independently with three donors. Specific
lysis is shown as mean+SEM for one representative experiment.
ns>0.05, ***p<0.001, by two-way ANOVA followed by Tukey’s
multiple comparisons test. C CD47 expression levels depicted as
number of molecules per cell on MDA-MB-468, MDA-MB-175,

Blocking the CD47/SIRPa axis enhances
IgA-mediated ADCC capacity in breast cancer cell
lines

Checkpoint molecules are often overexpressed on tumor
cells as a mechanism to hamper immune responses against
the tumor and thus avoid immune surveillance. The CD47/
SIRPa axis is one of such checkpoints that affects mye-
loid cells and, as a result impair PMN-mediated lysis by
IgA antibodies. We investigated whether CD47 expres-
sion could account for the observed difference between
IgG and IgA against MDA-MB-453. We quantified the
CD47 expression levels on our panel of breast cancer cell
lines using QIFIKIT analysis. Surprisingly, MDA-MB-453
expressed lower CD47 levels when compared to the other
cell lines (Fig. 1C). Despite the lower CD47 expression
level, CD47 blockade improved IgA-mediated lysis by
PMN:s to lysis levels comparable to IgG PBMC-mediated
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MDA-MB-453, and SK-BR-3. Expression levels were quantified by
QIFIKIT using 10 pg/mL mlIgG1 anti-human CD47 antibody. Data
shown as mean=+ SD from three independent experiments. D ADCC
assay against breast cancer cell lines mediated by IgG1 HER2, IgA
HER?2 and IgA HER2 in combination with CD47 blockade. CD47
was pre-blocked using SIRPa fusion protein at 10 pg/mL. In all
ADCC assays, PBMCs were used as effector cells in [gG ADCCs
(E:T ratio 100:1); while, PMNs (E:T ratio 40:1) were used for IgA
ADCCs. Antibody concentrations ranged between 0 and 10 pg/mL.
Assay was performed in technical replicates (n=3) and repeated with
three independent donors in separate assays. Specific lysis is shown
as mean+SEM for one representative experiment from one donor.
ns>0.05, **p<0.01, ***p <0.001, by two-way ANOVA followed by
Tukey’s multiple comparisons test

ADCC (Fig. 1D). Moreover, combining IgA HER2 and
CD47 blockade improved ADCC against SK-BR-3, though
the improvement was less considerable than when MDA-
MB-453 was targeted. The combination of IgG HER2 and
CDA47 blockade showed no significant differences when
compared to IgG HER2 alone (Supplemental Fig. 1),
most likely due to the lack of SIRPa expression on the
NK cells, the main effector cell population in the PBMC
fraction used in this assay. IgG not only induced ADCC
at lower expression levels, but is also more effective at
lower antibody concentrations. Furthermore, the combi-
nation strategy was ineffective in inducing killing of the
two HER2-negative cell lines, MDA-MB-468 and MDA-
MB-175 (Fig. 1D). This observation supports the notion
that CD47 blockade can only improve IgA-mediated kill-
ing when a lower limit of antigen is available for IgA tar-
geting to be effective.
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Dox-inducible HEK293T-HER2 cells to assess
antibody-mediated cytotoxicity.

While previous data indicate that cell surface expression levels
can indeed impact antibody-mediated cytotoxicity, it remains
difficult to draw solid conclusions due to the inherent pheno-
typic differences between breast cancer cell lines. To avoid
these phenotypical variations, we used a tetracycline-inducible
system that allowed us to precisely control antigen expression
levels on the cell surface of a single cell line. We introduced
HER?2 into HEK293T cells under the control of a Tet-On
inducible promoter to examine the effect of HER2 expression
levels on antibody-mediated cytotoxicity. In the presence of
doxycycline (dox), the reverse transcriptional activator (rtTA)
binds to the promoter, allowing HER2 transcription (Fig. 2A).

We tested dox concentrations ranging from 0 to 27 pg/
mL and incubation times of 18 and 24-h, whereafter the
induced HER?2 expression was measured by flow cytometry
(Supplementary Fig. 2A and B). The HER?2 expression level
peaked at 1 ug/mL doxycycline. Importantly, we observed
a decrease in cell viability above this concentration (data
not shown). Moreover, a 24-h incubation period resulted in
the utmost induction of HER2 expression. As a result, we
proceeded with experiments using a dox concentration range
of 0 to 1 ug/mL and a 24-h incubation period. Induced HER2
expression was quantified using QIFIKIT and the expression
levels were correlated with the antibody-mediated cytotoxic-
ity measured in a >'Cr release ADCC assay (Fig. 2B).

Following transduction, two clones were selected:
HEK293T-HER2-Low, with minimal basal expression
and a maximum induction of 1x 10° HER2 molecules per
cell, and HEK293T-HER2-High, with HER2 expression
levels ranging from 2 to 5 x 10° HER2 molecules per cell
(Fig. 2C). IgG HER?2 induced PBMC-mediated killing of
HEK293T-HER2-Low cells at a HER2 expression level of
9.5 10°, peaking at around 20% lysis when the HER2 mol-
ecules per cell reached approximately 7.6 x 10* (Fig. 2C).
Contrary, IgA HER?2 induced PMN-mediated killing in
HEK293T-HER2-Low cells, but only achieved a modest
10% lysis. Interestingly, increasing the antigen expression
level (HEK293T-HER2-High) had no effect of IgG-medi-
ated killing. However, once the HER2 molecules per cell
exceeded 2.1 x 10°, IgA-induced killing increased rapidly,
reaching lysis of around 20%, which was comparable to IgG-
mediated killing. These results suggest that IgA antibodies
might require a higher level of antigen expression to effi-
ciently induce ADCC.

The antigen level threshold of IgA is influenced
by the CD47-SIRPa axis.

To validate these findings, we introduced HER2 expres-
sion into another cell line, MDA-MB-231. We isolated two

clones, MDA-MB-231-HER2-Low with inducible HER2
expression levels ranging from negligible to 3.2 x 10°
molecules per cell and MDA-MB-231-HER2-High with
levels ranging from 4 x 103 to 6.7 x 10° molecules per cell
(Fig. 2D).

Remarkedly, at the lowest HER2 expression level
(2.8 x 10%, IgG induced a PBMC-mediated lysis of
30%, which remained constant as HER2 expression lev-
els increased. In contrast, [gA-mediated PMN lysis only
occurred at HER2 expression levels exceeding 3 x 10°
molecules per cell, and it only marginally increased to 7%.
Since the CD47 expression level on MDA-MB-231 cells
is relatively high (Supplementary Fig. 3) and we were not
able to further improve the IgA-mediated lysis by increasing
the antigen expression level, we combined IgA with CD47
blockade. Lysis was enhanced from 3 x 10> HER2 molecules
per cell onwards and it reached similar levels as that of IgG-
mediated lysis at 5.7 x 10> molecules per cell. In line with
our earlier observations, CD47 blockade did not enhance
IgG-mediated lysis. Overall, these data are consistent with
the results earlier, indicating that IgA-mediated lysis by
PMNss is more restricted at lower antigen expression levels,
which could potentially be related to the CD47 expression
on the tumor cells.

A higher antigen level threshold for IgA
is also observed with EpCAM.

We next investigated whether these findings would hold
true for other antigens. Using the same Tet-on system, we
transduced EpCAM into HeLa cells. A similar procedure
was used to select low and high expressing clones (HeLa-
EpCAM-Low and HeLa-EpCAM-High). Dox concentrations
ranging from O to 1 ug/mL induced EpCAM expression on
both clones. EpCAM expression in HeLa-EpCAM-low was
induced from 5x 103 up to 1.5 10°> molecules per cell;
whereas, the expression in HeLa-EpCAM-high ranged
from 2% 10° to 8 x 10° EpCAM molecules (Fig. 3). Subse-
quently, we conducted ADCC assays against these induced
cells using the IgG heING1 antibody (anti-EpCAM) or its
IgA counterpart.

Our findings have revealed a potential antigen level
threshold, which appears to apply to both IgG and IgA
antibodies. However, IgA antibodies seems to require
higher expression levels to effectively induce ADCC. IgG-
mediatedlysis remained low with only 5% lysis observed
at very low expression levels. A gradual increase in lysis
was only observed when the antigen expression level
reached approximately 5.8 X 10° EpCAM molecules per
cell, ultimately reaching a plateau at 10-15% lysis at
6 x 10* molecules per cell, which remained constant at
higher expression levels. In contrast, IgA-mediated killing
remained ineffective at lower antigen levels, only slowly
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increased when the expression level exceeded 2.4 x 10°
molecules per cell. Interestingly, at around 4.9 X 10°> mol-
ecules per cell, IgA-mediated lysis reached levels compa-
rable to [gG-mediated killing. As antigen expression levels
increased, IgA-mediated lysis outperformed IgG-mediated
lysis. Despite HeLa cells expressing CD47, combining
IgA with CD47 blockade did not enhance specific lysis,
in contrast to IgG combined with CD47 blockade, which
did improve lysis at higher antigen levels (Supplementary
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Fig. 3, Fig. 3). Further analysis indicated that the enhance-
ment was not related to the IgG mAb (data not shown). It
appears that the ADCC capacity was already elevated in
the antibody negative control, suggesting an interaction
between the PBMCs and the elevated expression levels.
This observation, specific to this cell line, implies that
intrinsic anti-tumor signals may have activated the NK
cells or monocytes. Since this effect was only observed in
this particular cell line, we did not investigate it further.
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«Fig.2 ADCC capacity related to dox-inducible HER2 expression in
HEK293T-HER2 and MDA-MB-231-HER?2 cells. A Schematic rep-
resentation of the Tet-On inducible system. A ubiquitin C promoter
(UbC) controls the expression of rtTA (reverse tetracycline transac-
tivator) and puromycin resistance (PuroR). In the presence of doxy-
cycline (dox), rtTA undergoes conformational changes and binds to
TRE2 (tetracycline response element 2), leading to the translation of
the target gene. B Overview of the experimental setup: Cells are cul-
tured with varying dox concentrations for 24-h, resulting in titrated
levels of antigen expression. These cells are subsequently tested in
ADCC experiments, with concurrent quantification of antigen levels
using QIFIKIT. Antigen expression levels are correlated to antibody-
mediated killing. The graphs presented here are illustrative and do not
represent actual data. C IgG and IgA-mediated ADCC assays against
two HEK293T-HER?2 clones with low and high HER2 expression lev-
els. The ADCC assays for both clones were performed using effector
cells from a single donor and repeated across three different donors
(biological triplicates). One representative assay of each clone is
shown. D ADCC assay against MDA-MB-231-HER2 (low and high
expression) cells, using IgG HER2, IgA HER2, and IgA HER2 in
combination with CD47 blockade. Effector cells were isolated from a
healthy donor. For MDA-MB-231-HER?2 with low expression, assays
were performed in technical triplicates and independently repeated
with 2 donors; while, those with high expression were done in tech-
nical triplicates and independently repeated with 3 donors. A rep-
resentative graph for each clone is shown. In all ADCC assays, dox
in concentration indicated in the graphs were used to induce HER2
expression. HER2 levels were quantified with 10 pg/mL HER?2 anti-
body in a QIFIKIT assay. Lysis was assessed in a >!Cr release assay
using PBMCs (E:T 100:1) for IgG-mediated and PMNs (40:1) for
IgA-mediated cytotoxicity. Cytotoxicity was evaluated with 10 pg/mL
antibody, with optional CD47 blocking by 10 pg/mL SIRPa fusion
protein. The mean+SEM of specific lysis is shown. Statistical sig-
nificance as compared to IgA HER2: ns>0.05, *p <0.05, **p <0.01,
*#%p <0.001, determined by two-way ANOVA followed by Tukey’s
multiple comparisons test. Illustrations were created using Biorender

Expression level dependency of IgA in a preclinical
mouse model.

Subsequently, we aimed to investigate whether the antigen
expression level dependency observed in vitro could also be
observed in a preclinical mouse model. To explore this, we
used modified A431 cells: A431-luc2 cells and A431-luc2-
HER?2 cells, with the latter having higher HER2 expression
levels, similar to that of SK-BR-3 cells (Fig. 4A). In a >!Cr
release ADCC assay, the HER2 expression on A431-luc2
cells was too low to be susceptible to IgA HER2-mediated
lysis; whereas, IgG HER2 induced specific lysis of 20%
(Fig. 4B). The addition of CD47 blockade to IgA HER2
merely improved the lysis of A431-luc2, failing to match the
levels achieved by IgG-mediated killing. In contrast, A431-
luc2-HER?2 could be effectively lysed by both IgG and IgA
antibodies. In addition, CD47 blockade further enhanced
the specific lysis of A431-luc2-HER2 cells, resulting in a
70% lysis rate.

To address the antigen level dependency in a mouse
model, we injected 1 x 10° A431-luc? cells intraperitoneally
into SCID mice. Mice received treatment starting from day

5, with either 2 mg/kg IgG HER?2 once a week or 2 mg/kg
IgA HER?2 three times a week. PBS was administered as
solvent control in the control treatment group. Growth was
monitored twice a week using bioluminescence imaging of
the luc2-positive cells (Fig. 4C). IgG treatment efficiently
impaired tumor growth; while, IgA treatment failed to
decrease the tumor burden and showed a similar outgrowth
as the solvent control. These outcomes are likely due to the
low HER2 expression on the tumor cells, and in line with
our previous observations in vitro. Remarkably, despite the
modest improvement observed with CD47 blockade in vitro,
treatment with 2 mg/kg IgA HER?2 three times a week and
an additional 30 mg/kg SIRPa fusion protein on days 5, 14,
24, and 33 impeded tumor growth to a similar extent as IgG
therapy. Importantly, in an earlier mouse experiment that
included different tumor cells, the use of CD47 blockade as a
single agent did not impact tumor growth (Data not shown).
Subsequently, in a similar mouse experiment using A431-
luc2-HER?2 cells, with high HER2 expression levels, both
IgG HER2 and IgA HER?2 therapies reduced the tumor bur-
den, consistent with our in vitro assay results (Fig. 4D). Col-
lectively, our results indicate that both the expression level
and the presence of CD47 on tumor cells play an important
role in IgA-mediated cytotoxicity.

IgA selectively targets lymphoma cells
without affecting endogenous B cells

We considered that the absence of IgA-mediated cytotox-
icity in cells expressing lower antigen levels may present
an important clinical advantage. Healthy cells often express
similar antigens as those commonly targeted on tumors,
albeit usually at significantly lower expression levels, as
seen with rituximab (IgG CD20). To evaluate the antigen
threshold hypothesis, we used the murine B cell lymphoma
cell line BCL-1, which expresses high levels of mCD20
(Fig. 5A). Utilizing a tumor mouse model with BCL-1 cells
allowed us to test our antibodies in an environment, where
mCD?20 is expressed on both endogenous B cells and tumor
cells. Notably, the mCD20 expression level on BCL-1 is sig-
nificantly higher than that on the endogenous cells (Fig. 5A).
This observation suggests that IgA therapy could serve as a
potential strategy to avoid on-target, off-tumor side effects.
To test this hypothesis, we administered a single dose of
either PBS, murine afucosylated IgG2a mCD20 or human
IgA-Alb8 mCD20 to CD89 Tg Balb/c mice. Both isotypes
consist of the same mCD20 clone, ensuring comparable
target specificity. To compare the most effective IgG iso-
type with IgA, we included the afucosylated murine IgG2a
variant, which is adapted to enhance ADCC. Additionally,
we used the IgA-AlbS8 variant, which, while not enhancing
ADCC, features an improved half-life due to albumin-bind-
ing modifications that address the typically short half-life of
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Fig.3 Antibody-mediated ADCC capacity on dox-inducible HeLa-
EpCAM cells. EpCAM expression was induced using doxycycline
concentrations ranging from 0 to 1 pug/mL and quantified through
QIFIKIT with a primary EpCAM antibody concentration of 10 ug/
mL. ADCC assays utilized PBMCs (E:T 100:1) for IgG and PMNs
(40:1) for IgA, with antibody concentrations of 10 ug/mL. CD47 was

IgA. Subsequently, B cell depletion was evaluated using flow
cytometry (Fig. 5B). Blood, spleen, liver, bone marrow and
lymph nodes were collected at multiple time points up to day
7. Intriguingly, injecting IgG antibody led to rapid depletion
of B cells, with a noticeable effect as early as day 1, evident
in both blood and the organs. Within just 2 days, virtually
all endogenous B cells in the blood were depleted. Only B
cells in the bone marrow remained largely unaffected. In
contrast, IgA treatment did not deplete B cells and showed
no significant impact throughout the 7-day period.
Following this, a murine lymphoma mouse model was
established using BCL-1-luc?2 cells to test the anti-tumoral
effects of the mCD20 antibodies. Mice were intravenously
injected with 5 X 10° BCL-1-luc2 cells, whereafter treat-
ment with either PBS, murine afucosylated [gG2a mCD20
or human IgA-Alb8 mCD20started at day 3. Subsequently,
the tumor growth was monitored using BLI measurements
performed twice a week (Fig. 5C). Interestingly, while IgA
treatment did not deplete the endogenous B cells, it proved
to be highly effective in suppressing tumor growth in BCL-1
tumor-bearing mice (Fig. 5D, E). In comparison, IgG, which
efficiently depleted endogenous B cells, failed to inhibit
tumor growth in these mice. Our findings highlight the effec-
tiveness of IgA in suppressing tumor growth without affect-
ing healthy B cells, a significant advantage over IgG which
depleted healthy B cells and failed in tumor cell targeting.

Discussion

Our study demonstrated that IgA antibodies require a
higher threshold of antigen expression compared to IgG to
effectively induce ADCC. Using a panel of breast cancer
cells with varying HER2 expression levels, we observed
an increase in the ADCC capacity elicited by both IgG and
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blocked using 10 pug/mL SIRPa fusion protein. Effector cells were
freshly isolated from a healthy donor. Experiment was repeated in
at least three different clones. Significance is shown as compared to
IgA-mediated lysis. Specific lysis is shown as mean +SEM. ns>0.05,
*##%p <0.001, by two-way ANOVA followed by Tukey’s multiple
comparisons test

IgA antibodies as the HER2 expression level increased.
This was further supported using dox-inducible cell line-
based experiments. Interestingly, the onset of effective
tumor lysis occurred at lower expression levels for IgG
when compared to IgA antibodies. Our findings are in line
with previous literature, in which studies reported that low
expression levels of CD20 and EGFR were sufficient to
induce ADCC by NK, monocytes or PBMC effector cells
using IgG mAbs [25-27]. Moreover, previous research
with IgA antibodies reported that specific lysis of tumor
target cells occurred only when antigen expression was
high [26, 28].

Using our dox-inducible cell lines we have identified a
threshold of approximately 2—3 x 10° HER2 or EpCAM
molecules per cell to instigate IgA-mediated ADCC by
neutrophils. In contrast, the IgG threshold appears to be
approximately 10 times lower. Moreover, in our A431 xeno-
graft mouse model, we observed an anti-tumoral response
with IgG therapy but not with IgA therapy against the low
HER2-expressing A431-luc2 tumor; while, both IgG and
IgA therapies were effective against the high HER2-express-
ing A431-luc2-HER?2 tumor and suppressed tumor growth.
The difference in antigen sensitivity between IgG and IgA
may be explained by the distinct mechanisms of action of
their respective effector immune cells. NK cells, the pri-
mary effector cells in PBMC-mediated ADCC, eliminate
tumor cells by releasing cytotoxic granules filled with per-
forin and granzymes [54]. In contrast, neutrophils employ
trogocytosis, a process in which small bites of the tumor
cell membrane are engulfed, leading to a specific type of
necrotic death known as trogoptosis [55]. Therefore, the
observed differences might not be inherent to the antibody
isotype, but rather to the effector cells engaged. This dis-
tinction could be strategically used in the clinic, allowing
us to use IgA against ubiquitously expressed targets while
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Fig.4 Anti-tumoral effect of IgG HER2 and IgA HER2 in A431-luc2
tumor-bearing mice. A HER2 expression levels of A431-luc2 and
A431-luc2-HER?2 in comparison with SK-BR-3, measured via flow
cytometry. The mean +SD of geometric MFI is presented. *p <0.05,
*#%p<(0.001, determined using one-way ANOVA with Bonfer-
roni’s multiple comparisons test. B IgG HER2 and IgA HER?2 lysis
against A431-luc2 and A431-luc2-HER?2 cells were evaluated using
PBMCs (E:T 100:1) for IgG and PMNs (40:1) for IgA. Antibody con-
centrations ranged from 0 to 10 ug/mL. CD47 was pre-blocked with
10 pg/mL SIRPa fusion protein. The assay was performed in tech-
nical triplicates using effector cells from a single healthy donor and
was repeated three times with independent donors (biological tripli-
cates).Individual values and the mean+SEM of specific lysis from
one representative experiment are presented. ns>0.05, *p<0.05
##%p <(0.001, as determined by two-way ANOVA followed by Tuk-

minimizing damage to healthy tissues, which usually express
lower antigen levels.

For example, healthy breast tissue expresses approxi-
mately 2x 10* HER2 molecules per cell [56, 57]. At this
level of antigen expression, IgG antibodies have been shown
to induce cytotoxicity as demonstrated with HEK293T-
HER2, MDA-MB-231-HER2 and HeLa-EpCAM cells.
Modest HER2 expression is also observed in other healthy
tissues, including the gastrointestinal tract, respiratory and
reproductive systems, as well as the heart and skeletal mus-
cles. According to data from the Human Protein Atlas, these
tissues express a medium level of HER2 expression, similar
to that in breast tissue [58], which may also be suscepti-
ble to targeting by IgG HER2 antibodies. This is clinically
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ey’s multiple comparisons test. C Bioluminescence imaging (BLI)
measurements depicting the tumor growth of A431-luc2 tumor in
(CD89 Tg) SCID mice. Detailed treatment regimen is outlined in
the methods section. Tumor sizes are presented as mean+SEM.
*p<0.05, *¥p<0.01, ***p<0.001, as determined by two-way
ANOVA followed by Tukey’s multiple comparisons test. D Tumor
outgrowth of A431-luc2-HER2 tumors in (CD89 Tg) SCID mice
assessed through BLI. The detailed treatment regimen is provided
in the methods section. BLI measurements are shown as BLI signal
intensity, measured in photons per second (e/-s), and are displayed
as the mean+SEM. Statistical significance (ns>0.05, **¥p <0.001)
was determined using two-way ANOVA followed by Tukey’s multi-
ple comparisons test. For both in vivo experiments, CD89 Tg SCID
mice were used in the groups receiving IgA; while, wild-type SCID
mice were used for the other groups

relevant, especially considering that trastuzumab-induced
cardiotoxicity has been well-documented when the mAb
is used in combination with specific chemotherapeutic
drugs [15-17, 59]. Next-generation therapies like the anti-
body—-drug conjugate T-DXd have shown remarkable effi-
cacy in breast cancer, leading to its accelerated approval
for HER2-positive metastatic cases. Interestingly, T-DXd
has significantly enhanced survival rates for patients with
HER2-low tumors, addressing a previously difficult to treat
population. Nevertheless, T-DXd treatment is associated
with drug-related interstitial lung disease or pneumonitis,
which demands close monitoring, potential dosage modifica-
tion, or glucocorticoid intervention [60]. These challenges
highlight the continued need for safer and more effective
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Fig.5 IgA-mediated selective targeting of lymphoma cells while pre-
serving endogenous B cells A The mCD20 expression level of BCL-
1-luc2 cells was compared to endogenous B cells in Balb/c mice,
measured via flow cytometry. B The depletion of endogenous B cells
was monitored following a single dose of either PBS, 5 mg/kg murine
afucosylated IgG2a mCD20, or 5 mg/kg human IgA-Alb8 mCD20 in
CD89 Tg Balb/c mice for up to 7 days. The percentage of B cells,
compared to the PBS vehicle control, was measured in blood, spleen,
liver, bone marrow, and lymph nodes, and the results are presented as
mean=+SD. C A schematic overview of the syngeneic BCL-1 lym-
phoma model in CD89 Tg Balb/c mice. In brief, a total of 5x10°
BCL-1-luc2 cells and a dose of PEG-G-CSF were injected on day 0,

treatments. Moreover, EpCAM, being a highly expressed
antigen in adenocarcinomas, is a desirable target. However,
a vast majority of healthy tissues also express EpCAM,
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followed by another PEG-G-CSF dose on day 7. Treatment with PBS,
6 mg/kg murine afucosylated IgG2a mCD20, or 6 mg/kg human IgA-
Alb8 mCD20 began on day 3. IgA was administered on days 3, 5,
7, 10, 12, and 14; while, IgG was given on days 3 and 10. The dos-
age frequency differs because of the isotype's different half-lives. This
dosing regimen is optimized to maintain similar serum titers. Tumor
growth was monitored by bioluminescence imaging twice a week. D
Representative BLI images of the different treatment groups on day
3, 14 and 28. E BCL-1 tumor outgrowth is depicted as a percentage
increase in BLI signal from day 3. The percentages are presented as
mean+SEM. **p<0.01, determined by two-way ANOVA followed
by Tukey’s multiple comparisons test

particularly in the gastrointestinal tract [61]. High-affinity
EpCAM-targeting antibodies, such as ING-1 and 3622W94,
have shown dose-limiting side effects, including pancreatitis
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[62]. Similarly, Solitomab, a bispecific T-cell engager tar-
geting EpCAM, led to dose-limiting side effects in 95%
of participating patients in a phase 1 study [63]. Another
example of on-target, off-tumor side effects is the hypogam-
maglobulinemia observed in pediatric non-Hodgkin's lym-
phoma patients receiving rituximab. These children experi-
ence long-term B cell depletion, impairing memory B cell
development, which often leads to an increased susceptibil-
ity to infections [19, 20]. This makes achieving a therapeu-
tic effect more difficult, as reducing the antibody's affinity
can decrease toxicity but often results in limited therapeutic
efficacy. Due to the significantly higher antigen expression
threshold of IgA compared to IgG, healthy tissues are likely
to be unaffected by IgA-mediated targeting. This hypothesis
is supported by our B cell depletion assay and BCL-1 lym-
phoma mouse model, where we observed that IgG depleted
endogenous murine B cells, except those derived from the
bone marrow, while IgA did not deplete any of the endog-
enous B cells. B cells in the bone marrow compartment
could have been spared by IgG due to higher expression of
inhibitory FcyRs in the bone marrow niche [64]. Moreover,
IgA likely did not deplete bone marrow-derived B cells due
to low mCD20 expression and the lower expression levels of
FcaRI (CD89) on bone marrow-resident granulocytes [65,
66]. Remarkedly, IgA, while sparing healthy B cells, dem-
onstrated a superior anti-tumor response against the BCL-1
tumor, which expresses mCD20 at a level three times higher
than endogenous B cells. To our surprise, IgG did not show
any anti-tumor response at all. While afucosylated IgG
antibodies show enhanced ADCC capacity in patients, this
may not translate to mouse models due to differences in Fcy
receptor interactions [53]. Although the IgG results in the
BCL-1 model did not meet our expectations, we think the
overall message remains clear: IgA did not affect healthy
circulating B cells but demonstrated a significant anti-tumor
response in mice.

Our findings support the idea that the difference in
response between IgG and IgA is partly due to the over-
expression of CD47 on tumor cells, which suppresses
IgA-mediated neutrophil activation. In some experiments,
inhibiting CD47 increased cytotoxicity to levels compara-
ble to IgG-mediated lysis. However, this is not consistently
observed across all tested cell lines, and the enhancement is
often most noticeable when combined with medium to high
target antigen expression levels. In some instances, IgG was
able to effectively induce PBMC-mediated lysis at lower
expression levels; whereas, the addition of CD47 block-
ade to IgA did not result in lysis rates comparable to those
achieved by IgG. Moreover, we observed an increase in
IgG-mediated lysis upon CD47 inhibition in HeLa-EpCAM
cells, which was observed in the absence of antibody. This
suggests the presence of an alternate pro-phagocytic sig-
nal, but since this was only observed in one cell line, we

did not investigate further. Additionally, it is important to
consider the level of CD47 expression, as it varies among
different tumors. Moreover, it is possible that a high anti-
gen expression level is less influenced by checkpoint mol-
ecules, such as the CD47/SIRPa axis, as we observed that
the fold change enhancement is less pronounced at higher
target expression levels. Consequently, the ratio of antigen
expression to CD47 expression should be further explored.
In summary, IgA cytotoxicity is more dependent on antigen
expression level compared to IgG, and myeloid checkpoints
like the CD47/SIRPa axis may contribute to this threshold
of antigen expression. Therefore, IgA therapy would not be
recommended for cases with significant antigen loss caused
by mechanisms such as antigen shaving post-IgG therapy
[67]. However, when antigen expression levels are marginal,
the addition of CD47 blockade to IgA therapy could be con-
sidered to enhance its efficacy.

Several strategies have been proposed to mitigate on-tar-
get, off-tumor side effects. For example, using an antibody
with a pH-sensitive linker, allowing it to bind specifically to
tumor antigens in the acidic tumor microenvironment [68].
In another approach, anti-CD47 antibodies were pre-bound
to vesicles containing a specific number of CD47 molecules.
The antibody is only released from the vesicle at sites where
CD47 expression levels are high enough to compete with the
bound CD47 molecules on the vesicle, which are typically
within the tumor [22]. While promising, this approach is
intricate and involves a lengthy vesicle manufacturing pro-
cess. In contrast, IgA antibodies provide a more straight-
forward solution. The IgA therapeutic has been extensively
characterized and can be readily tailored to target various
antigens. Moreover, the engineered IgA3.0 antibody has
been optimized for production and purification, making it
ready for clinical translation and therapeutic use [52].

In conclusion, our study highlights the importance of
antigen expression thresholds in targeted immunotherapy,
with IgA requiring a higher threshold compared to IgG.
Therefore, IgA holds the potential to reduce on-target off-
tumor side effects, which are sometimes associated with IgG
therapy. These advancements could potentially improve cur-
rent immunotherapeutic approaches, fostering further devel-
opment in the field.
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