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The interaction of the Fc region of therapeutic antibodies and antibody-drug conjugates
with Fcg receptors (FcgRs) can lead to unpredictable and severe side effects. Over the last
decades several strategies have been developed to overcome this drawback, including
extensive Fc- and glycoengineering and antibody isotype switching. However, these
approaches result in permanently Fc-silenced antibody derivates which partially or
completely lack antibody-mediated effector functions. Nevertheless, for a majority of
antibody-based drugs, Fc-mediated effector functions, like antibody-dependent cell-
mediated cytotoxicity (ADCC), antibody-dependent cell-mediated phagocytosis (ADCP)
as well as complement-dependent cytotoxicity (CDC), represent the most substantial
modes of action. We argued that a new strategy combining the beneficial properties of Fc-
silencing and controlled activation of effector functions can pave the way to potent
antibody therapeutics, reducing the FcgRs-mediated off-target toxicity. We present a
novel Fc-tamed antibody format, where the FcgR-binding sites of antibodies are blocked
by anti-isotypic masking units, hindering the association of FcgR and complement
component 1 (c1q) to the Fc domain. The masking units were genetically fused to
trastuzumab, including a protease-addressable peptide-liker. Our Fc-tamed antibodies
demonstrated completely abolished interaction to soluble high-affinity Fcg-Receptor I and
c1q. In reporter cell-based ADCC assays, our Fc-tamed antibodies exhibited a 2,700 to
7,100-fold reduction in activation, compared to trastuzumab. Upon demasking by a
tumor-associated protease, the Fc-activated antibodies demonstrated restored FcgR-
binding, c1q-binding and the ability to induce potent ADCC activation. Furthermore, cell
killing assays using donor-derived NK cells were performed to validate the functionality of
the Fc-tamed antibody variants. To our knowledge, this approach represents the first non-
permanently Fc-silenced antibody, which can be re-activated by a tumor-associated
protease, eventually extending the field of novel antibody formats.
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INTRODUCTION

In the last decades monoclonal antibodies (mAbs) became
powerful and promising drug classes, due to their ability to
selectively address cancer-related molecules, infectious cells,
virus particles, immune cells and immune-checkpoint-related
molecules. As a part of the immunoglobulin isotype family, the
immunoglobulin G (IgG) class, particularly the IgG1 subclass
ranks as the most dominant isotype used for therapeutic
applications (1). IgGs can induce cell-mediated (ADCC,
ADCP) and complement-mediated (CDC) effector functions
by interacting with Fcg receptors (FcgRs) on immune cells or
complement components, present in serum. Thereby, the
different IgG subclasses (IgG1, IgG2, IgG3, IgG4) display
unique FcgR and complement component binding profiles (2).
All FcgRs (FcgRI, FcgRIIa, FcgRIIb, FcgRIIc, FcgRIIIa, and
FcgRIIIb) address similar epitope regions, located in the lower
hinge/upper CH2 region of antibody Fc, including the N297-
linked glycan structure (3). While the FcgRI is able to bind to
monomeric IgG with low nanomolar affinity, all other FcgRs
display high nanomolar to low micromolar equilibrium
dissociation constants (KD) and thus, predominantly bind to
immune complexes (3). The affinity of FcgRs and, consequently,
the versatile downstream signaling differ, depending on the
antibody isotype and antibody glycosylation. Additionally,
polymorphisms of FcgRs show an immense influence on the
affinity to different subclasses of IgGs, translating in reduced or
enhanced efficacy of therapeutic antibodies (4, 5). FcgRs are
expressed by the majority of white blood cells, including
monocytes, macrophages, dendritic cells, mast cells, B cells, NK
cells, all comprising a different FcgR expression profile (6–8).
Antibody-dependent cell-mediated phagocytosis, antibody-
dependent cell-mediated cytotoxicity and complement-
dependent cytotoxicity contribute to the most important
modes of action of currently approved antibody therapeutics.
However, several adverse side effects, including uncontrolled
cytokine release, myelosuppression, blood platelet aggregation,
thrombocytopenia and allodynia are linked to unwanted Fc-FcgR
ligation or complement activation (9–11). Multiple strategies for
the prevention of undesired Fc-FcgR interaction have been
developed over the last decades (12, 13). Most approaches
account to the implementation of several point mutations
within the FcgR interaction site or deglycosylation in position
N297, leading to a partial or complete decline of FcgR binding. In
case of an anti-CD3 monoclonal antibody, two amino acid
substitutions (L234A, L235A) resulted in reduction of severe
side effects (14). Furthermore, several studies reported a
correlation of Fc receptor binding-related internalization of
antibodies and antibody-drug conjugates (ADCs) and adverse
side effects (e.g. thrombocytopenia) (10, 15–17). To circumvent
thrombocytopenia upon administration of ADCs several point
mutations can be introduced to minimize FcgR binding (18). A
prominent example is the implementation of three single point
mutations in the Fc part of an anti-HER2 tubulysin (IgG1) ADC
(results from clinical trial phase 1) in order to reduce FcgR-
related side effects (19). Similarly, a single point mutation
(K322A) is known to limit the interaction of C1q to the IgG1
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Fc domain, which resulted in reduced antibody-induced
allodynia in vivo (20). Although several Fc-engineered
antibodies have been approved for clinical use, all approaches
result in permanently silenced and structurally altered Fc
domains. In recent years, research focused on masking the
paratopes of antibodies to ensure the selective activation of
antibody binding properties (21, 22). This technology requires
the generation of a suitable masking unit preventing antibody-
antigen binding either by a steric hindrance or due to a specific
interaction with the antibody paratopes (23). Demasking and
consequently activation of the antibody is typically mediated by
proteases, which are upregulated in malignant tissues and
potentially serve as diagnostic marker molecules (24, 25).
Previous masking strategies resulted in antibody therapeutics
with improved safety, while maintaining anti-disease activity
in clinical trials (26, 27). However, all reported approaches
exclusively addressed the antigen binding fragments
(paratopes) of antibodies, overlooking the interaction sites for
FcgRs and complement components on the Fc part. Inspired by
these studies, we reasoned that a temporarily Fc-masked
antibody combined with selective demasking by a tumor-
associated protease can further extend the benefit of Fc-
silencing technologies. In our concept, the antibody Fc domain
remains inert during circulation and restores effector function
properties upon reaching the malignant tissue, thereby
potentially widening the therapeutic window and improving
the efficacy of the antibody drugs. In this study, we developed
an Fc-tamed antibody format, starting with the generation of an
anti-isotypic masking unit, originating from a chicken-derived
(humanized) single-chain variable fragment (scFv), which
specifically binds the interaction site of FcgRs on the IgG1 Fc.
The final masking unit, comprising the scFv and a matrix
metallopeptidase 9 (MMP-9)-addressable linker was genetically
fused to the C-terminus of the light chain of an anti-Her2
antibody (trastuzumab) (Figure 1A). The resulting Fc-tamed
anti-Her2 antibody demonstrated substantially reduced FcgR-
and c1q-interaction properties. UponMMP-9-mediated cleavage
of the linker and dissociation of the masking unit, the Fc-
activated antibody displayed fully recovered binding to FcgR
and c1q, as well as restored antibody-dependent effector
functions (Figure 1B).
MATERIAL AND METHODS

Chicken Immunization and Yeast
Surface Display
Chicken immunization, the construction of a scFv yeast surface
display library, yeast cell cultivation and scFv-display induction
were performed as described previously (28, 29). Briefly, an adult
chicken was immunized with a Fc-fusion protein. For library
construction, cDNA synthesis of total spleen cell RNA and the
amplification of VH and VL coding genes enabled the transfer
into a YSD vector (pCT) via transformation of yeast cells
(Saccharomyces cerevisiae EBY100). EBY100 cells were
incubated and induced using SD-CAA or SG-CAA, respectively.
August 2021 | Volume 12 | Article 715719
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Fluorescence-Activated Cell Sorting and
Flow-Cytometry
After incubation in (SG-CAA medium, 30°C, 180 rpm) yeast
cells were separated using centrifugation. Cells were washed with
1ml PBS-B (137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8
mM KH2PO4, 0.1% (w/v) BSA, pH 7.4). Detection of scFv
surface presentation, target binding (Fc-binding) and
simultaneous FcgR-binding was enabled using primary and
secondary labeling agents listed in Table S1 (SI Appendix,
Table S1). Staining procedure was performed according to
Table S2 (SI Appendix, Table S2). Conjugation of proteins to
DyLight650 (Thermo Fisher) was performed using 5-fold excess
of NHS-DyLight650. All centrifugation, wash and incubation
steps were performed in PBS-B at 4°C. Cell sorting was
performed using BD Influx cell sorter and the BD FACS
software 1.0.0.650. Yeast cells isolated via FACS were
cultivated in SD-CAA medium or on SD-CAA-agar plates. In
order to evaluate Her2-binding of antibody variants, Her2-
positive SK-BR-3 cells were trypsinized and washed with PBS-
B followed by incubation in 50 µl of antibody solution for 30
minutes (5 × 105 cells/well). Cells were washed two times with
200 µl PBS-B, followed by 30 minutes incubation in 50 µl of
Goat anti-Human Kappa PE (SouthernBiotech) (1:75 diluted
in PBS-B). Finally, cells were washed three times with 200 µl
PBS-B and subsequently analyzed using CytoFLEX V3-B4-R3
Frontiers in Immunology | www.frontiersin.org 3
Flow Cytometer (Beckman Coulter). The mean fluorescence
intensity was plotted against the respective antibody
concentration. Error bars represent standard deviation derived
from experimental duplicates.

Antibody Humanization
The humanization of a chicken-derived scFv was performed as
described previously (30). Briefly, all six CDRs of scFv Fc4 were
grafted onto human germline acceptor VH and VL frameworks
(VH3-25/JH4, VL3-m/JL2). Partial randomization of Vernier
residues was performed. A yeast surface display library with
humanized scFv variants of scFv Fc4 was generated and screened
via FACS for Fc-binding scFvs. The most abundant single clone
was expressed and used for further experiments (Figure S4).

Protein Expression and Purification
Vector reformatting, protein expression and purification of scFvs
was performed as described previously (28). Briefly, scFv coding
genes were reformatted into a pET30 vector using golden gate
cloning and recombinant expression in E. coli T7 Shuffle express
was performed. A 2-step purification using IMAC and
Streptactin purification was performed, followed by buffer
exchange against PBS pH 7.4 (137 mM NaCl, 2.7 mM KCl, 10
mM Na2HPO4, 1.8 mM KH2PO4). Protein expression of TRZ-
hFc4, TRZ-Fc4 and TRZ-ctrl was performed in Expi293F cells.
A

B

FIGURE 1 | Design and mode of action of the Fc-tamed antibodies. (A) Depiction of overlapping FcgR and c1q interaction sites located on the CH2 domain of an
IgG1 antibody (left panel). Molecule design of the Fc-tamed antibodies, comprising two antibody heavy chains (IgG1) and two light chains, C-terminally fused to a
protease-cleavable linker and a FcgR-blocking anti-isotypic masking unit (right panel). (B) Conceptional mode of action of a Fc-tamed anti-Her2 monoclonal antibody.
After administration and during systemic circulation, Fc-tamed antibodies exhibit diminished interaction to FcgR-bearing cells and complement components (c1q) (left
panel). Entering the tumor microenvironment, the Fc-tamed antibodies are activated upon linker proteolysis by tumor-specific proteases (MMP-9) (middle panel). The
active antibody demonstrates recovered ability to induce antibody-mediated effector functions (right panel).
August 2021 | Volume 12 | Article 715719
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Prior, a CMV-controlled expression vector was ordered
(TwistBioscience), exhibiting the light chain coding sequence
of trastuzumab fused to the newly designed 33 amino acid linker
coding sequence (Figure S5) followed by a scFv insertion site and
a C-terminal StrepII tag. ScFv coding genes were inserted using
golden gate cloning. A pTT5-derived CMV-controlled
expression vector coding for the heavy chain of trastuzumab
was used. ExpiFectamine 293 Transfection Kit (Gibco
Biosciences) was used for transient transfection of Expi293F
cells according to manufacturer instructions. After 5 days, cell
culture supernatants were applied to a HiTrap KappaSelect 1-ml
column using an Äkta Pure 25L FPLC system. Buffer exchange
against TBS pH 7.4 (50 mM Tris-HCl, 150 mM NaCl) was
performed using a 5-ml HiTrap Desalting column (GE
Healthcare). Protein purity was confirmed via SDS-PAGE
analysis using 4-15% Mini-PROTEAN protein gels (Biorad).

Cell Lines
SK-BR-3 and Daudi cells were cultivated at 37°C and 5% CO2.
Expi293F cells were cultivated at 37°C and 8% CO2. Prior to
flow-cytometric analysis SK-BR-3 cells were detached using
trypsin and washed with PBS-B. Several days before using
Daudi cells in an ADCC reporter assay, cells were conditioned
using Low IgG Serum (G711A, Promega).

Matrix Metalloproteinase 9
Protein Hydrolysis
Recombinant active human MMP-9 (Sigma Aldrich) was used to
cleave the MMP-9 cleavable light chain linker of TRZ-hFc4 or
TRZ-Fc4. Proteins were dissolved in TBS pH 7.4, ensuring
MMP-9 compatible conditions. 500 µl (0.25 mg/ml) of the
respective antibody variant was mixed with 0.2 µl (1 mg/ml) of
active human MMP-9. Protein hydrolysis was performed at 37°C
for 48 h. Complete linker hydrolysis was confirmed using SEC
and SDS-PAGE under non reducing conditions.

Bio-Layer Interferometry
For affinity determination and epitope binning the Octet RED96
system (ForteBio, Molecular Devices) was used. For epitope
binning of scFv Fc4, anti-human Fab-CH1 Biosensors (Fab2G)
(ForteBio, Molecular Devices) were soaked in PBS pH 7.4 for at
least 10 minutes. Cetuximab (20 µg/ml) was loaded to the sensor
tip followed by a quenching step using Kinetics Buffer (KB)
(ForteBio) diluted 1:10 in PBS pH 7.4. A first association step of
100 nM of scFv Fc4 followed by a second association step using
100 nM His-tagged human Fc gamma RI (CD64) His-tagged
(Acro Biosystems) was performed. For each association step a
negative control (only KB) was conducted. For affinity
determination of scFv Fc4 and scFv hFc4 anti-human Fab-
CH1 Biosensors (Fab2G) (ForteBio, Molecular Devices) were
used to immobilize cetuximab (20 µg/ml). After a quenching step
in KB, an association step using scFv Fc4 with concentrations
ranging from 6.25 to 50 nM was performed followed by a
dissociation step in KB. For affinity determination of scFv hFc4
a similar protocol was performed using scFv hFc4 concentrations
ranging from 25 to 200 nM. Epitope binning of TRZ-scFv fusion
proteins was performed using High Precision Streptavidin (SAX)
Frontiers in Immunology | www.frontiersin.org 4
Biosensors (ForteBio, Molecular Devices). Biotinylated Her2
(Sinobiological) was loaded on sensor tips followed by a
quenching step with 100 ng/ml Biocytin (Thermo Fisher
Scientific) and a second quenching step using KB. A first
association step using 100 nM of the respective TRZ-scFv
fusion protein or trastuzumab (Roche) was followed by a
second association using 100 nM His-tagged human Fc gamma
RI (CD64) (Acro Biosystems). Affinity determination of TRZ-
scFv variants to FcgRI or human complement C1q (Sigma
Aldrich) was performed using anti-human Fab-CH1
Biosensors (Fab2G). Association to different concentrations of
FcgRI (6.25, 12.5, 25, 50 nM) was followed by a dissociation step
in KB. A similar procedure was performed in case of c1q affinity
determination using c1q concentrations ranging from 12.5 to
100 nM (12.5, 25, 50, 100 nM). In order to evaluate, whether the
masking units of TRZ-hFc4 and TRZ-Fc4 interact with other Fc
domains, biotinylated Her2 was loaded onto SAX sensor tips,
followed by a first association step of 100 nM of TRZ-hFc4 or
TRZ-Fc4. After first association, a second association step using
500 nM Cetuximab was performed. All proteins used in BLI
experiments were diluted in Kinetics buffer (KB). Control
samples (only KB) were subtracted prior to analysis. All kinetic
calculations are based on at least 4 different protein
concentrations. Data analysis was performed using ForteBio
data analysis software 9.0. Binding kinetics were determined
using Savitzky-Golay filtering and 1:1 Langmuir modeling.

Size Exclusion Chromatography
Analytical size exclusion chromatography was performed using
the Agilent Technologies 1260 Infinity device and a TSKgel
SuperSW3000 column (Tosoh). 8 µg of protein was injected
with a constant flow rate of 0.35 ml/min using TBS pH 7.4.

Nano Differential Scanning Fluorimetry
Thermal stability of proteins was determined using Prometheus
NT.48 device (NanoTemper Technologies). Briefly, 10 µl of
protein solution (0.25 mg/ml in TBS) was applied to NT.48
Grade High Sensitivity Capillaries (NanoTemper Technologies).
A temperature gradient of 1°C/min was applied. Analysis of
fluorescence signal at 330 nm as well as the following
calculation of thermal stabilities was performed using
PR.ThermControl software.

Antibody-Dependent Cell-Mediated
Cytotoxicity
For ADCC activity determination, Promega ADCC Reporter
Bioassay Kit (G7010) (Promega) was used. Assays were
performed according to manufacturer instructions. A serial
dilution (1:10) of rituximab (Roche) ranging from 6.6 fM to 66
nM was applied to CD20-positive Daudi cells. The same serial
dilution was applied using Rituximab mixed with 10 molar
equivalents of scFv Fc4. Her2 positive SK-BR-3 cells were
seeded in 96-well plates and incubated for 24 h before use.
Serial dilutions (1:10) of Trastuzumab, as well as TRZ-hFc4,
TRZ-Fc4, TRZ-ctrl and MMP-9 treated TRZ-hFc4 and TRZ-Fc4
ranging from 10 fM to 100 nM were prepared. Per well, 10,000
target cells and 150,000 effector cells were co-incubated for 6 h at
August 2021 | Volume 12 | Article 715719
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37°C and 5% CO2. Luminescence intensity was measured and the
fold induction (relative to control sample without any antibody)
was plotted against the antibody concentration. Error bars
represent standard deviations derived from experimental
duplicates. For NK cell based ADCC assays, whole blood
samples of healthy human donors were used to isolate PBMCs
via gradient centrifugation. The ADDC assays were performed
according to Pekar et al. (31). EasySep Human NK isolation Kit
was used to isolate NK cells. NK cells were incubated overnight
in complete medium (AIM V) supplemented with 100 U/ml
recombinant human IL-2 (R&D Systems, Cat: 10453-IL). Target
ce l l s (SK-BR-3 or HCC-1954) were s ta ined wi th
CellTrackerDeep Red Dye (Thermo Fisher Scientific, Cat:
C34565) according to the manufacturer’s protocol. 12,500 NK
cells were mixed with 2,500 target cells and 5 µl of the respective
antibody dilution in a 384-well clear bottom microtiter plate
(total volume of 45 µl/well). Dead cell staining was achieved
using SYTOX Green Dead Cell Stain (Invitrogen) at a final
concentration of 30 nM. Antibody-mediated NK cell
independent cytotoxicity was determined by incubation of
target cells with the highest antibody concentration. Basal
killing was determined incubating NK cells with target cells
without the addition of antibody. For normalization, maximal
cell killing was achieved by incubation with 0.25% Triton X-100.
Cells were incubated at 37°C and 5% CO2. In case of time
Frontiers in Immunology | www.frontiersin.org 5
resolved ADCC assays, every 60 minutes cells were imaged for
using Incucyte Live Cell Analysis System (Sartorius). The ratio of
dead target cells to all target cells was used to determine
antibody-dependent NK cell-mediated killing.
RESULTS

Generation of FcgR-Blocking Anti-Isotypic
Masking Units
For the generation of a suitable masking unit, which specifically
targets the FcgR-binding site of antibodies, we focused on
implementation of anti-isotypic (anti-IgG1) single-chain
variable fragments (scFvs). The FcgR interaction sites located
in the CH2 domain of IgGs are highly conserved in mammals (3),
thus the probability of obtaining specific binders by
immunization of mammalian species (mouse, rabbit, goat etc.)
is considerably low. Nevertheless, previous studies demonstrated
that immunization of chickens can provide access to antibodies
targeting epitopes, which are conserved throughout mammalian
species (32, 33). Hence, we reasoned that chicken immunization
could facilitate the generation of scFvs targeting the FcgR
interaction site on the human IgG1-Fc. Furthermore, chicken-
derived antibodies can easily be humanized using established
technologies (30, 33). An adult egg-laying hen (Gallus gallus
A B

DC

FIGURE 2 | Generation and characterization of a FcgR-blocking anti-isotypic masking unit. (A) Schematic depiction of scFv yeast surface display via scFv-aga2p-
aga1p system. scFv display (c-terminal c-myc tag), antibody (mAb(IgG1)) and simultaneous FcgRI binding was verified using fluorophore-conjugated proteins and
fluorophore-conjugated detection reagents (left panel). Enrichment of Fc-binding scFvs – comparison of the first and third sorting round. Cells, displaying a functional
c-myc tag and demonstrating Fc-binding (G1) were sorted in three consecutive FACS rounds (right panel). (B) Overlay of three consecutive FACS rounds, sorting for
scFv-displaying cells binding to Fc and simultaneous blocking the FcgRI interaction (first round: G1; second round: G2; third round: G3) (left panel). Single clone
analysis of single clones Fc4 and Fc8. Cells located in G4 binding to Fc and simultaneous displaying FcgRI binding. (C) BLI epitope binning. Monoclonal antibody
(cetuximab, IgG1) was loaded onto Fab2G sensor tips. Control sample comprised no scFv during the first association step. Dashed lines represent 60 seconds-
quenching steps using kinetics buffer. (D) ADCC reporter-cell assay using CD20-positive Daudi cells. Rituximab (IgG1) alone or rituximab (IgG1) pre-incubated with
10 molar equivalents scFv Fc4 was used. Error bars represent standard deviation derived from experimental duplicates.
August 2021 | Volume 12 | Article 715719
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domesticus) was immunized with an IgG1 Fc fusion-protein (28).
Using scFv-yeast surface display (Figure 2A) and fluorescence-
activated cell sorting (FACS) we could enrich Fc-binding scFvs
(Figure 2A, G1) within three rounds of sorting (Figures 2A and
S1). Three additional FACS rounds were conducted, gating for
scFv-displaying cells which bind to IgG1 mAbs and
simultaneously block the Fc-FcgRI interaction (34) (Figure 2B,
G1, G2, G3, Figure S2A) enabling the isolation of 3 unique
FcgRI-blocking scFv-displaying yeast clones (Fc1, Fc3, Fc4)
(Figures 2B and S2B, C). Affine binding of a single clone Fc4
to 500 nM IgG1-Fc was verified by flow cytometry, while only
neglectable binding (6.5%) to soluble FcgRI was observed. In
contrast, an FcgRI-non blocking scFv clone, Fc8 displayed
similar binding to IgG1-Fc, compared to Fc4 while 90.8% of
Fc-binding cells demonstrated simultaneous binding to FcgRI
(Figure 2B, G4). scFv Fc4 was heterologously expressed in E. coli,
purified via IMAC (Figure S3A) and its affinity towards the Fc of
a monoclonal antibody (cetuximab) was determined using Bio-
layer interferometry (BLI). The scFv Fc4 exhibits an equilibrium
dissociation constant (KD) of 2.3 nM (Figure S3C). Epitope
binning for verification of FcgRI-blocking was also performed
using BLI. Upon sensor tip loading using a monoclonal IgG1
antibody (cetuximab) and following association of scFv Fc4, no
association of 100 nM soluble FcgRI could be detected, while
cetuximab without prior scFv association demonstrated expected
binding towards FcgRI, confirming specific binding of scFv Fc4
within the interaction site of FcgRs (Figure 2C). To investigate
the blocking of further Fcg receptor family members by scFv Fc4,
a reporter cell-based ADCC assay was performed. The ADCC
reporter cell assay is based on an engineered effector cell line
stably expressing the high-affinity variant of FcgRIIIa (FcgRIIIa
V158). In combination with CD20-positive target cells (Daudi),
anti-CD20 mAb (rituximab) induced potent ADCC activation,
while incubation of the target and effector cells with rituximab
mixed with 10 molar equivalents of scFv Fc4 completely
abolished the reporter gene expression over a wide range of
antibody concentrations (Figure 2D). This indicates that the
scFv Fc4 efficiently blocks the antibody-mediated cell-cell
interaction. scFv humanization of Fc4 was performed using an
established method for the humanization of chicken-derived
antibodies that relies on CDR transfer to a human VH and VL
scaffold with concomitant randomization of Vernier residues
defining the CDR orientation (30). Within two consecutive
rounds of FACS screening for humanized variants with
retained Fc binding, it was possible to select 2 humanized scFv
variants. The most abundant single clone (scFv hFc4) was
selected for further experiments (Figure S4). The protein
sequence of the humanized scFv hFc4 (Fv, including CDRs)
(Figure S4) exhibits a human germline identity of 83.8%, which
is comparable to humanized FDA-approved antibodies (79.7-
85.5%) (30). The humanized scFv hFc4 was produced in E. coli
and successfully purified via IMAC (Figure S3B). Affinity
measurement using cetuximab revealed an equilibrium
dissociation constant of 20.5 nM (Figure S3C), approximately
one order of magnitude less affine than its chicken-
derived progenitor.
Frontiers in Immunology | www.frontiersin.org 6
Design, Generation, and Characterization
of Fc-Tamed Trastuzumab Variants
Next, we investigated, whether the masking unit can be fused to
the therapeutic antibody trastuzumab with a flexible linker
retaining Fc masking ability. Moreover, we designed MMP-9
protease recognition motifs into the linker region for tumor-
specific cleavage of the fusion and release of the masking unit. To
this end, Fc-tamed antibody fusions were generated both with
the chicken-derived Fc4 and the humanized version hFc4
(Figure 1A). These scFvs were fused to the C-terminus of the
antibody light chain via an MMP-9 cleavable linker. Using a
rational design approach, we identified the longest distance
between the C-terminus of the kappa light chain and known
Fc amino acid residues, responsible for FcgR interaction (6.44
nm) (Figure S5) (3). The same distance calculation was
performed for the IgG1 hinge region (Fab to Fc distance) and
the commonly used (Gly4Ser)3 (intra-)scFv linker (RCSB PDB:
1hzh, 5yd3). Then, we calculated the ratios of the spatial distance
(nm) and number of amino acid (aa) residues of the hinge region
and the (intra-)scFv linker (0.20-0.23 nm/aa). Consequently, we
designed a 33 amino acid flexible (G4S)-based linker, comprising
a ratio of 0.20 nm/aa (Figure S5). A tandem protease recognition
site (PLGLA), known to be addressed by MMP-9 was included in
the linker sequence (35). Three different trastuzumab-based
antibody variants were designed, only differing by the
respective scFv (Fc4, hFc4, scFv ctrl [non-Fc binding control
scFv)]. Consequently, all three antibody constructs (TRZ-Fc4,
TRZ-hFc4, TRZ-ctrl) were produced in Expi293F cells and
purified via affinity chromatography. Purity and protein size
was confirmed using non-reducing, as well as reducing SDS-
PAGE analysis (Figures 3B and S6). To further characterize the
antibody variants, we performed size exclusion chromatography
(SEC) (Figure S7). Both antibody variants comprising an Fc-
masking domain (TRZ-hFc4, TRZ-Fc4) displayed excellent
aggregation behavior (2.2% and 2.6% protein aggregates,
respectively) (Figure S7), which was comparable to the
antibody variant fused with the non-Fc binding control scFv
(TRZ-ctrl) (2.7%). We analyzed the thermal stability of the TRZ-
hFc4, TRZ-Fc4 and TRZ-ctrl using nano differential scanning
fluorimetry. All three proteins exhibited similar melting
temperatures (79.7-80.5°C) (Figure S8), which is in the range
of the melting temperature reported for trastuzumab (36). We
used flow cytometry to evaluate the binding characteristics to
Her-2 positive SK-BR-3 cells. Both Fc-tamed antibodies and
trastuzumab demonstrated comparable binding to SK-BR-3 cells
with similar KD values (4.7 – 7.6 nM) indicating that the Fc-
masking units do not influence the binding characteristics of the
fused antibody (Figure 3A and Table S5). In order to activate the
Fc-tamed antibody variants, TRZ-hFc4 and TRZ-Fc4 proteins
were incubated with human MMP-9. Linker proteolysis was
confirmed using SDS-PAGE analysis (Figures 3B and S6), as
well as analytic SEC (Figures 3B and S7). Upon cleavage, both
antibody constructs (TRZ-hFc4, TRZ-Fc4) migrated at the same
position in the SDS-PAGE gel and displayed the same retention
time as trastuzumab during the SEC (Figures 3B and S6, S7),
indicating complete linker cleavage. The cleaved scFvs (scFv
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hFc4, scFv Fc4) migrated corresponding to their respective
molecular weight (SI Appendix, Table S3). Bio-layer
interferometry epitope binning was performed to evaluate,
whether the tamed antibody variants (TRZ-hFc4, TRZ-Fc4)
bind to their antigen (Her2) and simultaneously impair the
binding to FcgRs. Therefore, biotinylated Her2 was
immobilized on BLI biosensors, followed by the association of
the respective antibody variant and subsequent association of
soluble high-affinity FcgRI (100 nM). All antibody constructs
demonstrated binding to immobilized Her2. The tamed antibody
variants TRZ-hFc4 and TRZ-Fc4 showed no binding signal in
presence of 100 nM FcgRI (Figures 3C and S9A), while both,
trastuzumab and TRZ-ctrl showed comparable association to
FcgRI (Figures 3C and S9C). To further evaluate the masking
efficacy, we performed BLI using different concentrations of
soluble FcgRI (0 - 50 nM) (Figure S10). In case of TRZ-hFc4
Frontiers in Immunology | www.frontiersin.org 7
and TRZ-Fc4, we observed a substantially impaired association
of varying concentrations of FcgRI. Upon linker proteolysis of
TRZ-hFc4 and TRZ-Fc4 the concentration-dependent FcgRI
binding was restored (Figures 3D and S10) to a level
comparable to trastuzumab and TRZ-ctrl. Evaluation of the
equilibrium dissociation constants (KD) revealed similar values
for trastuzumab (1.3 nM), TRZ-ctrl (1.4 nM), the MMP-9
cleaved TRZ-hFc4 (1.2 nM) and MMP-9 cleaved TRZ-Fc4 (1.6
nM) (Figure S10). Taking into account that FcgRs and c1q bind
to overlapping interaction sites on the Fc domain, affinity
measurements with human c1q protein were performed. While
TRZ-hFc4 and TRZ-Fc4 showed no detectable binding to
varying concentrations of human c1q (0 - 100 nM),
trastuzumab and TRZ-ctrl displayed a concentration
dependent binding signal (Figure S11). Surprisingly, TRZ-ctrl
showed an impaired c1q-binding when compared with
A B

D

E

C

FIGURE 3 | Characterization of tamed Trastuzumab variants TRZ-Fc4, TRZ-hFc4. (A) Flow-cytometry analysis using Her2-positive SK-BR-3 cells. Antibody binding
was detected using anti-human kappa PE detection antibody. KD (SK-BR-3 cell binding) including 95%-confidence interval analyzed via flow-cytometry. Error bars
represent standard deviation derived by experimental duplicates. (B) Protease cleavage of TRZ-hFc4 by MMP-9 confirmed by SEC and non-reducing SDS-PAGE (4-
15% polyacrylamide). (C) BLI epitope binning. Biotinylated Her2 was loaded onto SAX sensor tips. Two quenching steps (1, 2) were performed, followed by
association of 100 nM trastuzumab or TRZ-hFc4. A subsequent association step was performed using 100 nM FcgRI. A detailed view of the FcgRI association step
(second 780-1080) is shown. All association steps were performed in kinetics buffer. (D) Association and dissociation of 50 nM FcgRI to TRZ-hFc4 and MMP-9
treated TRZ-hFc4. (E) Association and dissociation of 100 nM c1q to TRZ-hFc4 and MMP-9 treated TRZ-hFc4.
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trastuzumab. At the same time, MMP-9 cleaved TRZ-hFc4 and
TRZ-Fc4 demonstrated restored c1q-binding, translating into
low nanomolar KD values (Figures 3E and S11). Furthermore,
we validated, whether the masking domains of TRZ-hFc4 and
TRZ-Fc4 could interact with other Fc domains in close proximity
and at high local concentrations. Therefore, we immobilized
Her2 on BLI biosensors, followed by a first association step using
100 nM TRZ-hFc4 or TRZ-Fc4 and a second association step
using 500 nM cetuximab (Figure S12). No interaction with
competing Fc domains was observable. Based on these results,
we conduced cell-based assays for further characterization.

Fc-Tamed Antibody Construct Reduces
ADCC Activity and Demonstrates
Recovered Antibody Mediated Effector
Functions After Activation by MMP-9
Cleavage
To evaluate, whether our tamed antibody variants are able to
diminish antibody-FcgR-mediated cell-cell interaction, a
reporter-cell based ADCC assays was performed using Her2-
positive SK-BR-3 cells. The ADCC assay was performed in the
presence of MMP-2/MMP-9 inhibi tor ((2R)-2-[(4-
Biphenylylsulfonyl) amino]-3-phenylpropionic acid) since SK-
BR-3 cells express and secrete active humanMMP-9 andMMP-2
(37, 38). TRZ-hFc4 and TRZ-Fc4 showed significantly lower
ADCC induction compared to trastuzumab (Figure 4A). At the
highest tested concentration (100 nM) TRZ-Fc4 and TRZ-hFc4
mediated only 3.9-fold and 12.1-fold induction respectively,
while trastuzumab reached the highest induction level (57.6-
fold) already at a 100-fold lower concentration of 1 nM
(Figure 4A). Comparing the induction level reached by the
highest concentration of TRZ-Fc4 (100 nM) with the
concentration of trastuzumab required for a similar induction
(0.014 nM), we found a 7,100-fold reduction in ADCC
activation. Interestingly, the TRZ-hFc4 variant demonstrated
only a 2,700-fold reduction (required trastuzumab
concentration for similar induction: 0.037 nM), which
corresponds to a 2.6-fold lower ADCC reduction compared
with TRZ-Fc4. We used MMP-9 cleaved TRZ-hFc4 and TRZ-
Frontiers in Immunology | www.frontiersin.org 8
Fc4 to evaluate if the activation of our Fc-tamed antibodies
results in recovered ADCC induction by restored antibody-
mediated cell-cell interaction. The cleaved TRZ-Fc4 and TRZ-
hFc4 demonstrated recovered ability to induce ADCC
(Figure 4B), displaying EC50 values (EC50(TRZ-Fc4) = 2.0 ×
10-2 nM, EC50(TRZ-hFc4) = 2.2 × 10-2 nM) comparable to
trastuzumab (EC50(Trastuzumab) = 3.9 × 10-2 nM) and non-
cleaved TRZ-ctrl (EC50(TRZ-ctrl) = 8.7 × 10-2 nM) (Table S6).
To further validate the functionality of Fc-tamed Trastuzumab
variants, cell killing assays using NK cells derived from healthy
donors were performed (Figure 5). Using SK-BR-3 cells the
tamed trastuzumab variants, Trastuzumab induced maximal
ant ibody-dependent NK cel l -mediated ki l l ing at a
concentration of 0.01 nM (EC50(Trastuzumab) = 2.5 × 10-3

nM). TRZ-Fc4 and TRZ-hFc4 exhibited EC50 values of 1.3 nM
and 0.34 nM, respectively (Figure 5 and Table S7). The MMP-9
cleaved TRZ-hFc4 and TRZ-Fc4 exhibited EC50 values and
maximal tumor ce l l lys i s s imi lar to Tras tuzumab
(Figures 5B, D and Table S7). To evaluate whether the Fc-
tamed Trastuzumab variants exhibit a distinct time-dependent
activation, antibody-mediated cell killing was determined every
60 minutes over a period of 14 hours (Figure 5C). To further
evaluate the functionality of Fc-tamed antibodies, MDA-MB-453
cells, with a moderate Her2-expression profile were incubated
with 100 nM of the respective antibody (Figure S13). Both TRZ-
hFc4 and TRZ-Fc4 demonstrated significantly reduced ADCC
activation, while the MMP-9 cleaved antibodies showed ADCC
activation comparable to Trastuzumab (Figure S13).
DISCUSSION

In order to prevent undesired FcgR binding or complement
fixation of therapeutic antibodies, several successful strategies
were conducted over the past decades, eventually resulting in
fully or partially Fc-silenced antibody therapeutics approved for
clinical use (39). However, all reported approaches contribute to
a permanently altered Fc domain, leading to permanently
impaired antibody-dependent effector functions. In this study,
A B

FIGURE 4 | ADCC reporter cell assay using Her2-positive SK-BR-3 cells. (A) Cells were incubated with a serial dilution of the Fc-tamed antibody variants TRZ-hFc4
or TRZ-Fc4. Trastuzumab served as a positive control. The assay was performed in the presence of MMP-2/MMP-9 inhibitor. (B) Cells were incubated with a serial
dilution of MMP-9 cleaved TRZ-hFc4 and TRZ-Fc4 as well as trastuzumab and TRZ-ctrl. Fold induction: ratio of mean luminescence units (mLU) of the respective
antibody sample and the blank sample (no antibody). Error bars represent the standard deviation derived from experimental duplicates.
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we present a novel antibody format, introducing a masking unit
to prevent antibody binding by FcgR-bearing cells or
complement components. The Fc-tamed antibodies can be
activated by a tumor-specific protease (MMP-9), displaying
recovered ability to interact with complement components and
FcgR-bearing cells. We used yeast surface display in combination
with chicken immunization and multiparameter FACS to
generate two anti-isotypic masking domains (anti-IgG1 scFvs),
originating from the same antibody clone, displaying different
affinities and targeting a FcgR-overlapping epitope. When fused
to the light chain of trastuzumab, both masking units reduced the
antibody-FcgR-mediated cell-cell interaction by a factor of 2,700
(scFv hFc4) to 7,100 (scFv Fc4) during 6 h incubation. These
findings are comparable with recently published data regarding
paratope-masking units (23). When using donor-derived NK
cells, both Fc-tamed antibodies showed significantly impaired
effector functioning (Figure 5). At elevated antibody
concentrations, both Fc-tamed antibodies induced maximal
killing, comparable with Trastuzumab (Figure 5A). After
MMP-9 mediated activation, both antibody variants induced
tumor cell killing comparable to trastuzumab.

The more affine scFv Fc4-based masking unit led to a 2.6-fold
stronger reduction of ADCC reporter cell activation compared
with the scFv hFc4-based masking unit. The masking efficiency
can be directly traced back to the masking domain affinity, since
both masking domains originate from the same antibody clone,
comprising the same CDRs, targeting the same epitope and
exhibiting similar molecule size. Both Fc-tamed trastuzumab
Frontiers in Immunology | www.frontiersin.org 9
variants were produced successfully, demonstrating unaffected
protein characteristics, including aggregation behavior and
thermal stability (Figures S7, S8). Upon protease-mediated
activation, they were able to induce ADCC, comparable to
trastuzumab, indicating that the masking units do not
negatively influence protein folding and glycosylation during
expression (Figures 4B, C). We used a rational design
approach to determine a suitable linker, connecting the anti-
isotypic scFv with the C-terminus of the light chain. Both tamed
antibodies show significant reduction in FcgRI-binding
(Figure S10) and do not tend to multimeric aggregation
(Figure S7). This implicates an appropriate length and
flexibility of the linker sequence, enabling both masking units
to bind the Fc efficiently. However, based on published data (40),
we argue that a library-based approach for linker design could
result in an improved linker structure, potentially enhancing the
masking efficiency even further. We performed Bio-layer
interferometry experiments to analyze the masking efficiency
which revealed that the association of the high-affinity FcgRI
was substantially impaired by both masking domains. However,
we still observed a weak residual binding signal (Figures 3C and
S10). Evaluating the masking efficiency of TRZ-hFc4 and TRZ-
Fc4 regarding c1q association no binding was observed
(Figures 3D and S11). This could be explained by possible
steric hindrance, due to the expanded molecular size of the
hexameric c1q protein (410 to 462 kDa), compared to FcgRI
(50-65 kDa). However, MMP-9 cleaved TRZ-hFc4 and TRZ-Fc4
demonstrated recovered c1q binding. TRZ-ctrl, displayed
A B

DC

FIGURE 5 | NK cell-mediated tumor cell killing. (A) Cells were incubated with a serial dilution of the Fc-tamed antibody variants TRZ-hFc4 or TRZ-Fc4. Trastuzumab
served as a positive control. Trastuzumab N297A served as a negative control. Cells were incubated for 12 hours. (B) Cells were incubated with a serial dilution of
MMP-9 cleaved TRZ-hFc4 and TRZ-Fc4 as well as trastuzumab. Cells were incubated for 12 hours. (C) Cells were incubated with 0.01 nM of the respective
antibody construct. Tumor cell lysis was determined every 60 minutes. Tumor cell lysis was normalized to the basal killing activity. (D) Cells were incubated with 0.01
nM of the respective antibody construct. After 12 hours tumor cell lysis was calculated. One-way ANOVA and Dunnett’s post-hoc multiple comparison testing were
performed for statistical analysis. ns (p>0.05); ***(p<0.001). Basal killing, depicted by dashed lines was determined using NK cells mixed with target cells, without the
addition of antibody construct. Error bars represent the standard deviation derived from experimental duplicates.
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unaffected FcgRI-binding. C1q binding was substantially impaired
(Figure S11). Published data suggests that even small changes in
the Fab-Fc orientation can lead to impaired accessibility by c1q
(2). Additionally, TRZ-ctrl demonstrated a distinct retention time
during analytical SEC (Figure S7), indicating an enlarged
hydrodynamic radius, possibly originating from the non-
binding, exposed scFv fused to the light chain. Recent strategies
regarding paratope masking of antibodies either contribute to
steric hindrance by non-specific masking units or anti-idiotypic
masking units. Our approach contributes to anti-isotypic masking
units (anti-IgG1). The masking scFv demonstrated potent FcgR-
blocking properties using cetuximab (Figure 2C), rituximab
(Figure 2D) as well as trastuzumab (Figure 4A). Therefore, this
newly developed antibody format can be applied to different
antibodies, by simply changing the Fab domains. We used in
vitro reporter cell-based assays to investigate the reduced
interaction to FcgRs. However, to further characterize the
influence of the Fc-tamed antibodies on rare Fc-mediated effects,
including potentially reduced thrombocytopenia, trogocytosis,
immune complex clearance and activation of CD32b-positive
scavenger endothelial cells, in vivo studies should be considered
(41). Therapeutic antibodies targeting immune checkpoints,
typically comprise an IgG4 Fc or an engineered IgG1 Fc with
reduced FcgR and c1q binding, which prevents undesired ADCC,
CDC, immune complex clearance and cytokine release mediated
by FcgR cross-linking (42). However, anti-PD-L1 antibodies,
which comprise a functional IgG1-Fc, demonstrate improved
efficacy in vivo (43), which was linked to antibody-mediated
effector functions against PD-L1 positive tumor cells (44). We
argue that the isotype switch of IgG4 to Fc-tamed IgG1 immune
checkpoint targeting antibodies could potentially lead to enhanced
potency, combining checkpoint blockade mechanisms and tumor
proximity induced antibody-mediated effector functions. We used
MMP-9 as a model protease. However, when targeting different
cancer types, screening for suitable tumor-specific proteases and
the use of respective cleavable polypeptide linkers potentially
improve the tumor-proximity induced activation of the Fc-
tamed antibodies.

It is known that antibody glycoengineering, particularly
removal of the core fucosylation, significantly enhances ADCC
and ADCP (45, 46). Combining glycoengineering with the newly
developed Fc-tamed antibody format, potentially enhances Fc-
mediated effector functioning while reducing undesired FcgR
and complement related adverse effects. Additionally, mutations
within the Fc part can significantly enhance particular effector
functions. A combination of Fc-masking and effector-enhanced,
glycoengineered antibodies could result in a synergistic effect,
simultaneously reducing potential systemic toxicity (47). In
conclusion, our approach represents a generalizable platform,
based on an IgG1-Fc-tamed antibody, demonstrating impaired
interaction with FcgR and c1q and regaining full effector function
mediated efficacy upon tumor-associated protease cleavage.
Since therapeutic application of antibodies is limited, due to
unwanted interactions to healthy cells and Fc-receptor bearing
cells, this type of antibody format potentially contributes to a
safer and more controllable drug profile.
Frontiers in Immunology | www.frontiersin.org 10
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 author/s.
ETHICS STATEMENT

Ethical review and approval was not required for the animal study
because Animal immunization (Chicken/Gallus gallus domesticus)
was performed by Davids Biotechnologie GmbH (Regensburg).
Experimental procedures and animal care were in accordance with
EU animal welfare protection laws and regulations.
AUTHOR CONTRIBUTIONS

AE and HK conceived and designed the experiments. AE, DY,
DF, and KH performed the experiments. AE, DY, and HK
analyzed the data. SB and UB gave scientific advice. AE and
HK wrote the manuscript. All authors contributed to the article
and approved the submitted version.
FUNDING

This work was supported by the MerckLab@TU Darmstadt, by
the Department of Protein Engineering and Antibody
Technologies at Merck KGaA, Darmstadt and by Deutsche
Forschungsgemeinschaft through grant KO 1390/14-1. We
acknowledge support by the Deutsche Forschungsgemeinschaft
(DFG – German Research Foundation) and the Open Access
Publishing Fund of Technical University of Darmstadt. The
funder was not involved in the study design, collection,
analysis, interpretation of data, the writing of this article or the
decision to submit it for publication.
ACKNOWLEDGMENTS

The authors kindly thank Lena Wahl, Arturo Macarron Palacios
and Stefania Carrara for experimental support. The project is
partially based on the further advancement of a conceptual idea
presented publicly during the 350th AnniversaryMerck Innovation
Cup by Nitasha Bennett, Lambert Potin, Halei Benefield, Djenet
Bousbaine, Claudia Mitrofan and Sabina Sood. The authors also
would like to thank Prof. Fessner for the possibility to perform
NanoDSF measurements within his laboratory.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
715719/full#supplementary-material
August 2021 | Volume 12 | Article 715719

https://www.frontiersin.org/articles/10.3389/fimmu.2021.715719/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.715719/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Elter et al. Fc-Tamed Therapeutic Antibodies
REFERENCES
1. Lu R-M, Hwang Y-C, Liu IJ, Lee C-C, Tsai H-Z, Li H-J, et al. Development of

Therapeutic Antibodies for the Treatment of Diseases. J Biomed Sci (2020)
27:1. doi: 10.1186/s12929-019-0592-z

2. Vidarsson G, Dekkers G, Rispens T. IgG Subclasses and Allotypes: From
Structure to Effector Functions. Front Immunol (2014) 5:2–3. doi: 10.3389/
fimmu.2014.00520

3. Lu J, Chu J, Zou Z, Hamacher NB, Rixon MW, Sun PD. Structure of FcgRI in
Complex With Fc Reveals the Importance of Glycan Recognition for High-
Affinity IgG Binding. Proc Natl Acad Sci (2015) 112:833–8. doi: 10.1073/
pnas.1418812112

4. Musolino A, Naldi N, Bortesi B, Pezzuolo D, Capelletti M, Missale G, et al.
Immunoglobulin G Fragment C Receptor Polymorphisms and Clinical
Efficacy of Trastuzumab-Based Therapy in Patients With HER-2/Neu-
Positive Metastatic Breast Cancer. J Clin Oncol (2008) 26:1789–96. doi:
10.1200/JCO.2007.14.8957

5. Bournazos S, Woof JM, Hart SP, Dransfield I. Functional and Clinical
Consequences of Fc Receptor Polymorphic and Copy Number Variants.
Clin Exp Immunol (2009) 157:244–54. doi: 10.1111/j.1365-2249.2009.03980.x

6. Vaickus L, Robinson M, Lynch RG. Analysis of Human Peripheral Blood
Mononuclear Cells Bearing Fc Receptors for the Three Major
Immunoglobulin Isotypes. Clin Immunol Immunopathol (1988) 47:106–19.
doi: 10.1016/0090-1229(88)90149-3

7. Ganesan LP, Kim J, Wu Y, Mohanty S, Phillips GS, Birmingham DJ, et al.
FcgRIIb on Liver Sinusoidal Endothelium Clears Small Immune Complexes.
J Immunol (2012) 189:4981–8. doi: 10.4049/jimmunol.1202017

8. Guilliams M, Bruhns P, Saeys Y, Hammad H, Lambrecht BN. The Function of
Fcg Receptors in Dendritic Cells and Macrophages. Nat Rev Immunol (2014)
14:94–108. doi: 10.1038/nri3582

9. Kang TH, Jung ST. Boosting Therapeutic Potency of Antibodies by Taming
Fc Domain Functions. Exp Mol Med (2019) 51:1–9. doi: 10.1038/s12276-019-
0345-9

10. Uppal H, Doudement E, Mahapatra K, DarbonneWC, Bumbaca D, Shen B-Q,
et al. Potential Mechanisms for Thrombocytopenia Development With
Trastuzumab Emtansine (T-DM1). Clin Cancer Res (2015) 21:123–33. doi:
10.1158/1078-0432.CCR-14-2093

11. Tolcher AW. The Evolution of Antibody-Drug Conjugates: A Positive
Inflexion Point. Am Soc Clin Oncol Educ Book (2020) 78:127–34.
doi: 10.1200/edbk_281103

12. Duncan AR, Woof JM, Partridge LJ, Burton DR, Winter G. Localization of the
Binding Site for the Human High-Affinity Fc Receptor on IgG. Nature (1988)
332:563–4. doi: 10.1038/332563a0

13. Schlothauer T, Herter S, Koller CF, Grau-Richards S, Steinhart V, Spick C,
et al. Novel Human IgG1 and IgG4 Fc-Engineered Antibodies With
Completely Abolished Immune Effector Functions. Protein Eng Des Sel
(2016) 29:457–66. doi: 10.1093/protein/gzw040

14. Woodle ES, Xu D, Zivin RA, Auger J, Charette J, O’Laughlin R, et al. Phase I
Trial of a Humanized, Fc Receptor Nonbinding OKT3 Antibody, huOKT3g1
(Ala-Ala) in the Treatment of Acute Renal Allograft Rejection.
Transplantation (1999) 68:608–16. doi: 10.1097/00007890-199909150-00003

15. Hoffmann RM, Coumbe BGT, Josephs DH, Mele S, Ilieva KM, Cheung A,
et al. Antibody Structure and Engineering Considerations for the Design and
Function of Antibody Drug Conjugates (ADCs). Oncoimmunology (2018) 7:
e1395127. doi: 10.1080/2162402X.2017.1395127

16. Saris A, Tomson B, Brand A, Mulder A, Claas FH, Lorinser J, et al. Platelets
From Donors With Consistently Low HLA-B8, -B12, or -B35 Expression do
Not Undergo Antibody-Mediated Internalization. Blood (2018) 131:144–52.
doi: 10.1182/blood-2017-07-799270

17. Zhao H, Gulesserian S, Ganesan SK, Ou J, Morrison K, Zeng Z, et al.
Inhibition of Megakaryocyte Differentiation by Antibody-Drug Conjugates
(ADCs) Is Mediated by Macropinocytosis: Implications for ADC-Induced
Thrombocytopenia. Mol Cancer Ther (2017) 16:1877–86. doi: 10.1158/1535-
7163.MCT-16-0710

18. Martin C, Kizlik-Masson C, Pèlegrin A, Watier H, Viaud-Massuard MC,
Joubert N. Antibody-Drug Conjugates: Design and Development for Therapy
and Imaging in and Beyond Cancer, LabEx MAbImprove Industrial
Workshop, July 27-28, 2017, Tours, France. MAbs (2018) 10:210–21. doi:
10.1080/19420862.2017.1412130
Frontiers in Immunology | www.frontiersin.org 11
19. Beck A, Goetsch L, Dumontet C3rd, Corvaïa N. Strategies and Challenges for
the Next Generation of Antibody-Drug Conjugates. Nat Rev Drug Discov
(2017) 16:315–37. doi: 10.1038/nrd.2016.268

20. Sorkin LS, Otto M, Baldwin WM, Vail E, Gillies SD, Handgretinger R, et al.
Anti-GD(2) With an FC Point Mutation Reduces Complement Fixation and
Decreases Antibody-Induced Allodynia. Pain (2010) 149:135–42. doi:
10.1016/j.pain.2010.01.024

21. Polu KR, Lowman HB. Probody Therapeutics for Targeting Antibodies to
Diseased Tissue. Expert Opin Biol Ther (2014) 14:1049–53. doi: 10.1517/
14712598.2014.920814

22. Lin W-W, Lu Y-C, Chuang C-H, Cheng T-L. Ab Locks for Improving the
Selectivity and Safety of Antibody Drugs. J Biomed Sci (2020) 27:76. doi:
10.1186/s12929-020-00652-z

23. Geiger M, Stubenrauch K-G, Sam J, Richter WF, Jordan G, Eckmann J, et al.
Protease-Activation Using Anti-Idiotypic Masks Enables Tumor Specificity of
a Folate Receptor 1-T Cell Bispecific Antibody. Nat Commun (2020) 11:3196.
doi: 10.1038/s41467-020-16838-w

24. Vasiljeva O, Menendez E, Nguyen M, Craik CS, Michael Kavanaugh W.
Monitoring Protease Activity in Biological Tissues Using Antibody Prodrugs
as Sensing Probes. Sci Rep (2020) 10:5894. doi: 10.1038/s41598-020-62339-7

25. McGowan PM, Duffy MJ. Matrix Metalloproteinase Expression and Outcome
in Patients With Breast Cancer: Analysis of a Published Database. Ann Oncol
(2008) 19:1566–72. doi: 10.1093/annonc/mdn180

26. Spira AI, Middleton MR, Naing A, Autio KA, Nemunaitis JJ, Bendell JC, et al.
PROCLAIM-001: A First-in-Human Trial to Assess Tolerability of the
Protease-Activatable Anti-PD-L1 Probody CX-072 in Solid Tumors and
Lymphomas. J Clin Oncol (2017) 35:TPS3107–TPS3107. doi: 10.1200/
JCO.2017.35.15_suppl.TPS3107

27. Singh S, DuPage A, Yang Weaver A, Sagert J, White C, Krimm M, et al.
Abstract 2975: Development of a Probody Drug Conjugate (PDC) Targeting
CD71 for the Treatment of Solid Tumors and Lymphomas. Cancer Res (2016)
76:2975–5. doi: 10.1158/1538-7445.AM2016-2975

28. Hinz SC, Elter A, Rammo O, Schwämmle A, Ali A, Zielonka S, et al. A Generic
Procedure for the Isolation of pH- and Magnesium-Responsive Chicken scFvs
for Downstream Purification of Human Antibodies. Front Bioeng Biotechnol
(2020) 8:688. doi: 10.3389/fbioe.2020.00688

29. Grzeschik J, Yanakieva D, Roth L, Krah S, Hinz SC, Elter A, et al. Yeast Surface
Display in Combination With Fluorescence-Activated Cell Sorting Enables
the Rapid Isolation of Antibody Fragments Derived From Immunized
Chickens. Biotechnol J (2019) 14:e1800466. doi: 10.1002/biot.201800466

30. Elter A, Bogen JP, Hinz SC, Fiebig D, Macarrón Palacios A, Grzeschik J, et al.
Humanization of Chicken-Derived scFv Using Yeast Surface Display and NGS
Data Mining. Biotechnol J (2020) 16:e2000231. doi: 10.1002/biot.202000231

31. Pekar L, Busch M, Valldorf B, Hinz SC, Toleikis L, Krah S, et al. Biophysical
and Biochemical Characterization of a VHH-Based IgG-Like Bi- and
Trispecific Antibody Platform. MAbs (2020) 12:1812210. doi: 10.1080/
19420862.2020.1812210

32. Larsson A, Bålöw RM, Lindahl TL, Forsberg PO. Chicken Antibodies: Taking
Advantage of Evolution–a Review. Poult Sci (1993) 72:1807–12. doi: 10.3382/
ps.0721807

33. Gjetting T, Gad M, Fröhlich C, Lindsted T, Melander MC, Bhatia VK, et al.
Sym021, a Promising Anti-PD1 Clinical Candidate Antibody Derived From a
New Chicken Antibody Discovery Platform. MAbs (2019) 11:666–80. doi:
10.1080/19420862.2019.1596514

34. Kiyoshi M, Caaveiro JM, Kawai T, Tashiro S, Ide T, Asaoka Y, et al. Structural
Basis for Binding of Human IgG1 to its High-Affinity Human Receptor FcgRI.
Nat Commun (2015) 6:6866. doi: 10.1038/ncomms7866

35. Eckhard U, Huesgen PF, Schilling O, Bellac CL, Butler GS, Cox JH, et al.
Active Site Specificity Profiling of the Matrix Metalloproteinase Family:
Proteomic Identification of 4300 Cleavage Sites by Nine MMPs Explored
With Structural and Synthetic Peptide Cleavage Analyses. Matrix Biol (2016)
49:37–60. doi: 10.1016/j.matbio.2015.09.003

36. Arlotta KJ, Gandhi AV, Chen H-N, Nervig CS, Carpenter JF, Owen SC. In-
Depth Comparison of Lysine-Based Antibody-Drug Conjugates Prepared on
Solid Support Versus in Solution. Antibodies (2018) 7:6. doi: 10.3390/
antib7010006

37. Tamura Y, Watanabe F, Nakatani T, Yasui K, Fuji M, Komurasaki T, et al.
Highly Selective and Orally Active Inhibitors of Type IV Collagenase (MMP-9
August 2021 | Volume 12 | Article 715719

https://doi.org/10.1186/s12929-019-0592-z
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.1073/pnas.1418812112
https://doi.org/10.1073/pnas.1418812112
https://doi.org/10.1200/JCO.2007.14.8957
https://doi.org/10.1111/j.1365-2249.2009.03980.x
https://doi.org/10.1016/0090-1229(88)90149-3
https://doi.org/10.4049/jimmunol.1202017
https://doi.org/10.1038/nri3582
https://doi.org/10.1038/s12276-019-0345-9
https://doi.org/10.1038/s12276-019-0345-9
https://doi.org/10.1158/1078-0432.CCR-14-2093
https://doi.org/10.1200/edbk_281103
https://doi.org/10.1038/332563a0
https://doi.org/10.1093/protein/gzw040
https://doi.org/10.1097/00007890-199909150-00003
https://doi.org/10.1080/2162402X.2017.1395127
https://doi.org/10.1182/blood-2017-07-799270
https://doi.org/10.1158/1535-7163.MCT-16-0710
https://doi.org/10.1158/1535-7163.MCT-16-0710
https://doi.org/10.1080/19420862.2017.1412130
https://doi.org/10.1038/nrd.2016.268
https://doi.org/10.1016/j.pain.2010.01.024
https://doi.org/10.1517/14712598.2014.920814
https://doi.org/10.1517/14712598.2014.920814
https://doi.org/10.1186/s12929-020-00652-z
https://doi.org/10.1038/s41467-020-16838-w
https://doi.org/10.1038/s41598-020-62339-7
https://doi.org/10.1093/annonc/mdn180
https://doi.org/10.1200/JCO.2017.35.15_suppl.TPS3107
https://doi.org/10.1200/JCO.2017.35.15_suppl.TPS3107
https://doi.org/10.1158/1538-7445.AM2016-2975
https://doi.org/10.3389/fbioe.2020.00688
https://doi.org/10.1002/biot.201800466
https://doi.org/10.1002/biot.202000231
https://doi.org/10.1080/19420862.2020.1812210
https://doi.org/10.1080/19420862.2020.1812210
https://doi.org/10.3382/ps.0721807
https://doi.org/10.3382/ps.0721807
https://doi.org/10.1080/19420862.2019.1596514
https://doi.org/10.1038/ncomms7866
https://doi.org/10.1016/j.matbio.2015.09.003
https://doi.org/10.3390/antib7010006
https://doi.org/10.3390/antib7010006
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Elter et al. Fc-Tamed Therapeutic Antibodies
and MMP-2): N-Sulfonylamino Acid Derivatives. J Med Chem (1998) 41:640–
9. doi: 10.1021/jm9707582

38. Yao J, Xiong S, Klos K, Nguyen N, Grijalva R, Li P, et al. Multiple Signaling
Pathways Involved in Activation of Matrix Metalloproteinase-9 (MMP-9) by
Heregulin-Beta1 in Human Breast Cancer Cells. Oncogene (2001) 20:8066–74.
doi: 10.1038/sj.onc.1204944

39. Liu R, Oldham RJ, Teal E, Beers SA, Cragg MS. Fc-Engineering for Modulated
Effector Functions-Improving Antibodies for Cancer Treatment. Antibodies
(Basel) (2020) 9:14–7. doi: 10.3390/antib9040064

40. Li G, Huang Z, Zhang C, Dong BJ, Guo RH, Yue HW, et al. Construction of a
Linker Library With Widely Controllable Flexibility for Fusion Protein
Design. Appl Microbiol Biotechnol (2016) 100:215–25. doi: 10.1007/s00253-
015-6985-3

41. Sørensen KK, McCourt P, Berg T, Crossley C, Le Couteur D, Wake K, et al.
The Scavenger Endothelial Cell: A New Player in Homeostasis and Immunity.
Am J Physiol Regul Integr Comp Physiol (2012) 303:R1217–1230. doi: 10.1152/
ajpregu.00686.2011

42. Chen X, Song X, Li K, Zhang T. FcgR-Binding Is an Important Functional
Attribute for Immune Checkpoint Antibodies in Cancer Immunotherapy.
Front Immunol (2019) 10:2–5. doi: 10.3389/fimmu.2019.00292

43. Li M, Zhao R, Chen J, Tian W, Xia C, Liu X, et al. Next Generation of Anti-
PD-L1 Atezolizumab With Enhanced Anti-Tumor Efficacy in vivo. Sci Rep
(2021) 11:5774. doi: 10.1038/s41598-021-85329-9

44. Dahan R, Sega E, Engelhardt J, Selby M, Korman AJ, Ravetch JV. FcgRs
Modulate the Anti-Tumor Activity of Antibodies Targeting the PD-1/PD-L1
Axis. Cancer Cell (2015) 28:285–95. doi: 10.1016/j.ccell.2015.08.004

45. Li T, DiLillo DJ, Bournazos S, Giddens JP, Ravetch JV, Wang L-X. Modulating
IgG Effector Function by Fc Glycan Engineering. Proc Natl Acad Sci (2017)
114:3485–90. doi: 10.1073/pnas.1702173114
Frontiers in Immunology | www.frontiersin.org 12
46. Herter S, Birk MC, Klein C, Gerdes C, Umana P, Bacac M. Glycoengineering
of Therapeutic Antibodies Enhances Monocyte/Macrophage-Mediated
Phagocytosis and Cytotoxicity. J Immunol (2014) 192:2252–60. doi:
10.4049/jimmunol.1301249

47. Shields RL, Lai J, Keck R, O’Connell LY, Hong K, Meng YG, et al. Lack of
Fucose on Human IgG1 N-Linked Oligosaccharide Improves Binding to
Human Fcgamma RIII and Antibody-Dependent Cellular Toxicity. J Biol
Chem (2002) 277:26733–40. doi: 10.1074/jbc.M202069200

Conflict of Interest: AE is employed by TU Darmstadt in frame of a collaboration
project with Merck KGaA. DY is employed by TU Darmstadt in frame of a
collaboration project with Merck Healthcare KGaA. KH, SB, and UB are employed
by Merck Healthcare KGaA. DF was employed by TU Darmstadt in frame of a
collaboration project with Ferring Darmstadt Laboratory. HK is employed by TU
Darmstadt.

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.

Copyright © 2021 Elter, Yanakieva, Fiebig, Hallstein, Becker, Betz and Kolmar. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
August 2021 | Volume 12 | Article 715719

https://doi.org/10.1021/jm9707582
https://doi.org/10.1038/sj.onc.1204944
https://doi.org/10.3390/antib9040064
https://doi.org/10.1007/s00253-015-6985-3
https://doi.org/10.1007/s00253-015-6985-3
https://doi.org/10.1152/ajpregu.00686.2011
https://doi.org/10.1152/ajpregu.00686.2011
https://doi.org/10.3389/fimmu.2019.00292
https://doi.org/10.1038/s41598-021-85329-9
https://doi.org/10.1016/j.ccell.2015.08.004
https://doi.org/10.1073/pnas.1702173114
https://doi.org/10.4049/jimmunol.1301249
https://doi.org/10.1074/jbc.M202069200
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Protease-Activation of Fc-Masked Therapeutic Antibodies to Alleviate Off-Tumor Cytotoxicity
	Introduction
	Material and Methods
	Chicken Immunization and Yeast Surface Display
	Fluorescence-Activated Cell Sorting and Flow-Cytometry
	Antibody Humanization
	Protein Expression and Purification
	Cell Lines
	Matrix Metalloproteinase 9 Protein Hydrolysis
	Bio-Layer Interferometry
	Size Exclusion Chromatography
	Nano Differential Scanning Fluorimetry
	Antibody-Dependent Cell-Mediated Cytotoxicity

	Results
	Generation of Fc&gamma;R-Blocking Anti-Isotypic Masking Units
	Design, Generation, and Characterization of Fc-Tamed Trastuzumab Variants
	Fc-Tamed Antibody Construct Reduces ADCC Activity and Demonstrates Recovered Antibody Mediated Effector Functions After Activation by MMP-9 Cleavage

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


