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Opsonins are molecules that bind to unique target structures (antigens [Ags]) thereby 

highlighting these structures for the immune system. The targeted Ags can be found on 

foreign pathogens, but body-self structures on damaged and dead cells are also bound. 

Opsonin coating (opsonization) leads to neutralization of the target or recruitment of 

immune cells through recognition of bound opsonins by cell surface receptors, 

resulting in clearance of the opsonized targets. Opsonins can roughly be divided into 

adaptive (specific) and innate (non-specific) types. Adaptive opsonins base their 

specificity on structures presented by specialized immune cells that display parts of the 

Ag on their surface. Ultimately, the targeted structure is highly specific eliciting 

efficient immune responses. Well-known adaptive opsonins are antibodies (Abs) which 

form the main focus of this thesis. Compared to their adaptive counterparts, innate 

opsonins are less specific targeting more general pathogen-associated structures and 

mainly comprise the components of the complement system and soluble pattern 

recognition receptors (PRRs), e.g. members of the pentraxin family, and lectin-type 

PRRs such as collectins (collagen-containing C-type lectins) and ficolins. 

ANTIBODIES 

Antibody, or immunoglobulin (Ig), molecules are Y-shaped dimeric glycoproteins 

composed of two identical heavy (∼55 kDa) and two identical light chains (∼25 kDa) 

(Fig. 1) which play a pivotal role in warding off foreign pathogens through 

neutralization or tagging for destruction. These molecules are produced and secreted 

by plasma B cells as a result of the humoral response by the adaptive immune system 

and gain their specificity against Ags on the pathogen through somatic hypermutation 

and affinity maturation. In humans, immunoglobulins can be categorized into five 

classes/isotypes (IgA, IgD, IgE, IgG and IgM) differing from one another in structure, 

function and other characteristics (Table 1). Structural differences can be found in the 

constant and hinge regions of the heavy chain and are isotype-specific (α / δ / ε / γ / μ 

heavy chains). The light chain comes in two variants, namely kappa (κ) and lambda (λ) 

occurring in a ratio of roughly 2 : 1 in humans, adding another factor to antibody 

variation. Antibodies bind specific Ags displayed on the target cell through the heavy 

and light chain variable regions on the Ag-binding fragment (Fab) domains (Fig. 1). In 

order to trigger the immune system and target cell destruction through immune cells 

or complement system, antibodies need to interact with effector molecules. These 

interactions are mediated through the crystallizable fragment (Fc) formed by the heavy 

chain CH2 and CH3 constant domains at the base of the antibody molecule (Fig. 1). As 

mentioned, antibodies normally form a defensive mechanism against foreign 

pathogens, however occasionally antibody production is dysregulated resulting in 

pathologies like autoimmune diseases where antibodies target Ags on healthy cells. 
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FIGURE 1 
Structure of prototypic Ig monomer. Heavy 

chain (CH3, CH2, CH1 and VH) and light chain 

domains (CL and VL) are depicted in light and 

dark grey, respectively. The Fc domain 

comprises the CH3 and CH2 domains from the 

two heavy chains and contains the conserved 

glycan structures (black circles) in the CH2 

domains. Effector molecule binding site in the 

Fc domain is indicated by a dashed circle, as 

well as the hinge region that connects two Fab 

domains to the Fc domain. Each Fab comprises 

light chain CL and VL domains and heavy chain 

CH1 and VH. Ig molecules bind to a specific Ag 

with the antigen binding region (dashed box) 

formed by the variable domains of the heavy 

(VH) and light chain (VL) in the Fab domain. 

Note, this is a prototypic Ig structure, thus some 

features might differ between different 

isotypes, subclasses and allotypes (e.g. IgE and 

IgM have an extra CH4 domain). Inter-chain 

disulfide bonds between cysteine residues in 

the hinge region and Fab domains are indicated 

by S-S. 

Similar adverse effects can occur during pregnancy or after transfusion through 

alloimmunization reactions when one comes into contact with cells displaying foreign 

(paternal) Ags leading to the production of antibodies targeting transfused or fetal 

blood cells. Conversely, the ability of antibodies to efficiently destruct target cells is 

beneficially applied in current immunotherapeutic strategies using antibodies targeting 

Ags on tumor cells to direct the patient’s immune cells towards the tumor 

environment. Altogether, this underscores the importance and high efficiency 

antibodies can have on target cell destruction. Furthermore, variations in 

immunoglobulin specificity, structure, temporal expression level and distribution make 

the humoral response a highly specific, dynamic and fine-tuned mechanism. 

IgG AND C-REACTIVE PROTEIN 

In response to infectious agents, antibodies (especially of the IgG and IgA isotypes) are 

produced and play a crucial role in protective immunity through opsonization. Infection 

often triggers the activation of an innate defense mechanism, called acute-phase 

response. This response can also be elicited by other conditions (e.g. inflammation, 

hallmarked by the elevation of interleukin-1 [IL-1], IL-6, and tumor necrosis factor α) 

and results in elevations or decreases serum levels of acute-phase proteins (APPs) that 

regulate physiological processes like complement activation, pathogen recognition, and  

CH2CH3
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TABLE 1 

Ig isotype properties. 

Ig isotype IgA IgD IgE IgG IgM 

Serum fraction 15% 0.2% 0.002% 75% 10% 

Monomeric MW 160 kDa 180 kDa 200 kDa 146-170 kDa 180 kDa 

Half-life (days) 6 3 2.5 7-21 5 

Heavy chain α δ ε γ µ 

Native configuration 

Monomer and 
dimer/ undefined 
multimer when 

secreted 

Monomer Monomer Monomer 
Pentamer and 

sometimes 
hexamer 

Ag binding sites 2 or 4 2 2 2 10 or 12 

# Constant domains 
per heavy chain 

3 3 4 3 4 

Subclasses IgA1 / 2 – – IgG1 / 2 / 3 / 4 – 

Placental transfer – – – yes – 

Function 
Protection of 

mucosal tissue 
Unknown 

Protection 
against 

parasites 

Immunity 
against invading 

pathogens 

Immunity 
against invading 

pathogens 

Monomeric structure 
 
 
 
 
 
 
 

 
 
 

 
 

 
 

 
 

 
 

coagulation.1 Some of these APPs have opsonic abilities, although in a less specific 

manner than antibodies and rather functioning as circulatory PRRs. Opsonizing APPs 

comprise mannose binding lectin,1,2 fibronectin,1,3 serum amyloid A,1,4 complement 

complex 3 (C3) and 4 (C4),1 and C-reactive protein (CRP),1,5 of which the last is one of 

the key players in this thesis and will therefore be discussed extensively later. 

IgG 

In human sera, IgG make up 10-20% of the total proteins and are the most abundant 

isotype.6 Furthermore, the human IgG class can be divided into four subclasses: IgG1 

(60.3% of total IgG in serum from healthy adults), IgG2 (31.0%), IgG3 (6.2%) and IgG4 

(2.5%).7 Even though, these subclasses are more than 90% homologous based on 

amino acid sequence,8 each subclass has its unique profile of features (Table 2) 

including biological activity8,9 which seem to arise directly from the differential binding 

ability to effector molecules.8,10 In general, based on effector function, IgG1 and IgG3 

are considered as activating subclasses, whilst IgG2 and IgG4 are often less potent. The 

relative subclass ratio of IgG responses depends on the nature of the pathogenic Ag 

eliciting B cell differentiation: roughly, IgG responses triggered by protein-based Ags 

consist in general of IgG1 and to a lesser extent IgG3 and IgG4, whilst this response 

shifts towards IgG2 for polysaccharide-based Ags, e.g. exposed on encapsulated 

bacteria.11 With respect to structural differences, within each subclass several variants 

can be found, called allotypes (extensively reviewed by Jefferis and Lefranc12).  
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TABLE 2 

IgG subclass properties. Information was adapted from Vidarsson et al., 2014,8 unless stated otherwise. 
IgG subclass IgG1 IgG2 IgG3 IgG4 

Serum fractiona 60.3% 31% 6.2% 2.5% 

Monomeric MW 146 kDa 146 kDa 170 kDa 146 kDa 

Hinge region length 
(# aa residues) 

15 12 62b 15 

Number of allotypes 5 4 15 3 

Half-life (days) 21 21 7-21b 21 

Placental transfer ++++ ++ ++ / ++++b +++ 

In response to     
Proteins ++ +/– ++ ++ 

Polysaccharides + +++ +/– +/– 
Allergens + – – ++ 

Structure 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

aAdapted from French et al., 1986.7 bDepends on specific allotype. 

In particular for IgG3, a considerable spectrum of allotypic variations can be found, 

potentially hinting at a relatively high evolutionary pressure on this specific subclass. 

Although inter-allotypic differences are often more subtle than between IgG 

subclasses, some allotypic variations can markedly impact characteristics such as half-

life and biological function.13 Another important factor adding to the wide variability of 

immunoglobulins and influencing biological function, is IgG glycosylation; a post-

translational cellular process where biantennary glycan structures are attached 

enzymatically to IgG-Fc and/or -Fab domains (discussed extensively later). In mice, 

similar to humans, IgG make up the main antibody serum fraction and can be divided 

into four subclasses (IgG1, IgG2a, IgG2b, IgG3; and sometimes IgG2c instead of IgG2a 

as an allotypic variant14). As a result of convergent evolution, IgG subclasses, despite 

some important differences, show substantial functional conservation between 

mammals. Consequently, animal models have often been used to examine effector 

functions of human IgG. 

C-reactive protein 

CRP is a classical APP and mainly produced by the liver in response to inflammatory 

cytokines, like IL-1β and IL-6. During an acute-phase response, low basal serum levels 

can be elevated dramatically in a short period,15 making CRP a useful biomarker for 

inflammation and infection. CRP is a member of the pentraxin family and has an 

annular structure consisting of five identical 206 amino acid (∼23 kDa) protomers (Fig. 

2) with its encoding gene lying on chromosome 1 at q23.2.16,17 Via its planar ligand-

binding side (B-face, Fig. 2A), CRP functions as an opsonin of microbial pathogens18,19  
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FIGURE 2 
C-reactive protein structure. (A) Ribbon diagram of the ligand-binding B-face of pentameric CRP. In the binding pocket of 

each protomer the interaction with PC (blue) in a calcium (green)-dependent manner is depicted and also enlarged in the 

inset. (B) Structure of the CRP A-face (180° rotated compared to panel A) with ridge helices in all protomers highlighted in 

red. These helices have been shown to be involved in effector molecule binding (C1q). Information and graphics are from 

Peisajovich et al., 2008.17 

through calcium-dependent binding to exposed phosphorylcholine (PC) residues which 

are side chain moieties of lipo- and wall-teichoic acid structures (LTA and WTA, 

respectively) displayed on some Gram-positive bacterial species,20,21 including C-

polysaccharides on Streptococcus pneumoniae (hence C-reactive protein) (Fig. 3A). 

Next to pathogens, CRP has also been demonstrated to opsonize other PC-displaying 

structures, including oxidized thrombocytes22 and apoptotic cells.23,24 These body-self 

structures contain, unlike their non-oxidized equivalents, an altered version of the 

ubiquitous self-Ag phosphatidylcholine in the outer membrane, i.e. 

lysophophatidylcholine. This phospholipid variant exposes the normally membrane-

embedded (and therefore unavailable) polar PC head group to the environment 

through straightening of PC, establishing a CRP binding platform (Fig. 3B).25 

Alternatively, PC head groups can also be exposed through enzymatic cleavage by, for 

example secreted phospholipase A2 (sPLA2), an APP that hydrolyzes 

phophatidylcholine’s R2 lipid tail at the base (Fig. 3B). Subsequent CRP opsonization 

may lead to target neutralization but can also elicit cellular destruction through 

interactions of the effector A-face (Fig. 2B) with components of the complement 

system26–28 and other types of effector molecules. 

OPSONIN INTERACTIONS WITH EFFECTOR MOLECULES 

Opsonin effector surfaces (e.g. Fc domain for IgG and A-face for CRP) are ligands for a 

spectrum of soluble or cell-bound effector molecules and thereby able to elicit effector 

functions towards the bound target cell. Although other types of effector molecules 

180°

A Ligand-binding surface
(B-face)

Effector surface
(A-face)

B

Ca2+ ions

PC Ridge helix
(Effector molecule
binding site)
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also exist (e.g. Toll‐like receptors, C‐type lectin receptors, integrins and scavenger 

receptors), this section will limit the discussion to receptors for the IgG-Fc (FcγRs), and 

to a lesser extent complement component C1q, as these molecules comprise the main 

focus of this thesis. 

FcγRs 

Receptors for the Fc portion of IgG, FcγRs, are membrane glycoproteins belonging to 

the Ig superfamily and expressed on the surface of a variety of cell types (Table 3), 

including myeloid and natural killer (NK) cells, enabling IgG to elicit cellular immune  

FIGURE 3 
CRP ligand binding. (A) Inset: Schematic representation of pneumococcal membrane, cell wall and capsule, adapted from 

Nahm et al., 2003.116 C-polysaccharide structure graphics are from Han et al., 2018.21. Importantly PC side groups (choline in 

green) are connected to the teichoic acid GalNAc residues (grey) through a phosphate group and form binding platforms for 

CRP B-face. (B) Binding of CRP B-face to PC moieties displayed on mammalian biomembrane phosphatidylcholine 

phospholipids. On the left, the structure of phosphatidylcholine is depicted with polar PC head group highlighted in red. Red 

PC head groups indicate that these are embedded in the membrane and unavailable for CRP binding. Oxidation through ROS 

(upper right) or enzymatic hydrolysis through sPLA2 (lower right) truncate the unsaturated R2 hydrophobic tail (in blue) 

resulting in straightening and exposure of PC head groups (green) and thereby making these moieties available for CRP 

binding. Phospholipids other than phosphatidylcholine are depicted in grey. 
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B
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responses thereby bridging between adaptive and innate immune system. The FcγR 

family consists, in humans, of activating FcγRIa/CD64, FcγRIIa/CD32a, FcγRIIc/CD32c 

and FcγRIIIa/CD16a, FcγRIIIb/CD16b, and inhibiting FcγRIIb/CD32b (Fig. 4A), all binding 

IgG with their second extracellular domain (D2) in a 1 : 1 stoichiometry (Fig. 4B).29,30 

FcγRIa differs from other FcγRs as it is the only class binding with high affinity to 

monomeric IgG. In addition, FcγRIa has an additional third Ig-like extracellular domain 

(D3) in between the two other domains (D1 and D2) and the plasma membrane (PM), 

likely physically extending D1 and D2 away from the PM (Fig. 4A). Furthermore, 

although all present on chromosome 1, the FcγRI-encoding genes are located at 

positions (FCGR1A/C on 1q21 and FCGR1B on 1p12) outside the FCGR gene cluster 

(1q23) which encodes all low-affinity FcγR classes.31 

In general, FcγRs trigger cellular activation by outside-in signaling through an 

intracellular immunoreceptor tyrosine-based activation motif (ITAM) which is part of 

the cytoplasmic tail (FcγRIIa/c) or part of the accessory FcR common gamma (FcRγ) 

chain (FcγRIa and FcγRIIIa). FcγRIIb does not have an ITAM, but rather an 

immunoreceptor tyrosine-based inhibition motif (ITIM) in its cytoplasmic tail, making 

this receptor the only inhibitory FcγR. The dynamic behavior of both FcγR type-specific  

TABLE 3 

FcγR properties. IC= immune complex; –= not applicable; N.D.= not determined; N.B.= no binding; #= binding too low to 

calculate KD; Mono/macro= monocytes and macrophages; DCs= dendritic cells; plts= platelets; neutro= neutrophils; eosino= 

eosinophils; baso= basophils; mast= mast cells. Affinity values to IgG in bold and italics correspond to the polymorphic FcγR 

variant. 

FcγR class FcγRIa FcγRIIa FcγRIIb FcγRIIca FcγRIIIa FcγRIIIb 

IgG affinity High Low Low Low Low/highb Low 

Function Activation Activation Inhibition Activation Activation 
Activation/ 

decoyc 

IgG binding Monomers IC IC IC IC IC 

Functional 
polymorphisms 

– 
H131 
R131 

– – 
V158 
F158 

NA1 
NA2 

KD (M):d  
IgG1 5.2·10-9 

9.8·10-8 

6.8·10-8 
1.3·10-7 N.D. 

6.8·10-8 

4.3·10-7 

2.7·10-7 

2.7·10-7 

IgG2 N.B. 
1.0·10-7 

4.9·10-7 
# N.D. 

# 
# 

N.B. 
N.B. 

IgG3 4.5·10-9 
1.9·10-7 

1.7·10-7 
5.9·10-7 N.D. 

1.9·10-7 

1.1·10-6 

8.7·10-7 

7.4·10-7 

IgG4 7.0·10-9 
1.9·10-6 

3.9·10-7 
3.1·10-7 N.D. 

# 
# 

# 
# 

Expression: 
Myeloid 

Mono/ 
macro, DCs 

Mono/ macro, 
DCs, plts 

Mono/ 
macro, DCs 

– Mono/ 
macro, DCs 

– 

Lymphoid – – 
B cell/ 

plasma cell 
NK NK – 

Granulocyte 
Neutro, 
eosino 

Neutro 
Neutro, 

baso, mast 
– – 

Neutro, 
mast, eosino 

Glycosylation 
(# N-linked glycan sites) 

7 2 3 3 5 6 

aOnly expressed in individuals lacking FCGRIIC stop codon. bDepending on polymorphic variant. cNeeds more investigation 

and seems to depend on context.32,33 dDetermined with SPR by Dekkers et al., 2017.34 
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and IgG subclass expression levels influences the ratio of activating (A) and inhibiting (I) 

FcγRs bound at a certain time point (A : I ratio) which determines the nature of FcγR-

mediated effector functions. Alternatively, FcγRIIIb does not have a cytoplasmic tail as 

this class is linked by a glycosylphosphatidylinositol (GPI) anchor. Nevertheless, FcγRIIIb 

is able to mediated effector functions after IgG binding and thereby, for example, able 

to enhance target cell ingestion.32 How this exactly works is still unknown to date; an 

hypothesis is that cross-linking of FcγRIIIb molecules triggers outside-in signaling 

through regulatory motifs in the lipid rafts where these receptors are anchored in.33 

Recently, Treffers et al. found an additional and regulatory function for FcγRIIIb as it 

appeared to decoy FcγRIIa-directed cytotoxic effector functions and thus thereby 

raising the threshold for target cell lysis.32 The same study also demonstrated that 

FcγRIIIb constrained trogocytosis of tumor cells, whilst it played an important activating 

role in phagocytic responses towards bacteria. 

Although all FcγRs share considerable homology, each class has its own unique pattern 

in terms of IgG subclass binding, binding affinities, expression, cellular distribution and 

functional polymorphisms (Table 3). Polymorphic variation within certain FcγR classes 

arises from single nucleotide polymorphisms (SNPs) in the corresponding encoding 

genes. Although this variation does not necessarily have functional consequences,  

FIGURE 4 
FcγR classes and binding to IgG and CRP effector surfaces. (A) 

Schematic representation of all family members of the FcγR 

family. Extracellular structures (D1, D2, D3) are depicted as 

ribbon diagrams and show native configurations, while 

transmembrane (TM) and cytoplasmic domains as well as FcRγ 

chains are shown schematically. N-linked glycosylation sites 

are depicted as black circles. This figure is from Patel et al., 

2019.30 (B) Schematic representation of FcγR D2 binding to 

IgG-Fc where interacting D2 surface is highlighted in white and 

the binding site on the IgG molecule is indicated by the dashed 

area. (C) FcγR D1 and D2 binding to CRP where interacting 

surfaces are highlighted in white. B–C are adapted from Lu et 

al., 2018.15 
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some markedly impact binding capabilities and have been associated with pathologies 

or enhanced responsiveness to therapies. The arginine (R/Arg)/ histidine (H/His) 

heterogeneity on position 131 in the FcγRIIa is one of such functional polymorphism 

where the H131 variant binds with higher affinities to human IgG2.10,34 Consequently, 

individuals bearing two copies of the FCGR2A-R131 allele and thus expressing 

exclusively the low-affinity R131 variant, have been found to be more susceptible to 

infectious diseases. In addition, this variation also appeared to be the foundation of the 

high and low responder individuals in T cell proliferation with peripheral blood 

mononuclear cells using murine anti-CD3 monoclonal Abs (mAbs) as a result of higher 

affinity binding of FcγRIIa-R131 to mouse IgG1. For FcγRIIIa the functional valine 

(V/Val)/ phenylalanine (F/Phe) polymorphism exists at position 158 and for FcγRIIIb the 

NA1/NA2 polymorphisms which can inflict differential binding to human IgG.10,34,35 In 

general, FcγRIIIa-V158 binds with higher affinity to IgG1 compared to the F158 variant, 

and this difference becomes even more profound when IgG1 display certain 

glycosylation patterns, which will be discussed later. It has been well-established that in 

this interaction a complex-type biantennary polysaccharide (glycan) linked to the 

asparagine (N/Asn) residue at position 162 on FcγRIIIa plays a pivotal role.36–39 This 

N162 glycan is evolutionary conserved in the human FcγRIII family and removal leads to 

enhanced IgG binding likely due to decreased sterical hindrance. Next to N162, 

FcγRIIIa/b, and also the other FcγR classes, contain glycans at other positions as well 

(Table 3; Fig. 4A), some potentially also affecting IgG binding. 

Next to high homology between human FcγR classes, these classes also share 

considerable homology with FcγRs from other mammals as a result of functional co-

evolution. Consequently, human IgG can also function as a ligand for FcγRs from other 

mammals, leading to interspecies cross-reactivity.34,35,40,41 This cross-reactive feature 

has been applied often to test human mAb function in vivo in animal models. In mice, a 

regularly used animal model, FcγRs can be divided into four classes where mouse FcγRI 

(mFcγRI) is an orthologue of human FcγRIa (hFcγRIa), mFcγRIIb of hFcγRIIb, mFcγRIII of 

hFcγRIIa and mFcγRIV of hFcγRIIIa.36,42 Our group previously determined exact affinity 

values of all human IgG subclasses towards mFcγRs and found that these bindings can 

be fairly efficient.34 Conversely, binding of mouse IgG (mIgG) subclasses to hFcγRs has 

not been studied thoroughly. Although some mIgG subclasses are known to bind 

certain hFcγR classes (e.g. differential binding of mIgG1 to hFcγRIIa-R/H131) and can 

elicit effector functions in a human context, exact affinities are mostly lacking in 

literature as well as a comprehensive study including the full spectrum of mIgG-hFcγR 

interactions. This gap in knowledge is remarkable as numerous research and diagnostic 

platforms depend on the use of mAbs from murine origin. One example is 

immunostaining of (FcγR-expressing) immune cells where mouse mAbs are used. 
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Although most researchers are aware of the potential cross-reactive behavior of these 

mAbs, they often do not deal with this in a proper way. A common misconception is 

that an isotype control suffices for immunological staining to correct for cross-reactive 

background signals. This is a persisting problem and has also resulted in the publication 

of false positive data of which some have had to be retracted later. Key to really 

understand this problem is the so-called “Kurlander effect” or “scorpion effect”43–46 

where Ag-bound mAbs bind in cis to FcγRs with their Fc-tail and thereby stabilizing 

these interactions. As isotype controls do not have Fab-specificity for the target cell, 

isotype controls cannot establish in cis IgG-Fc-FcγR interactions and can therefore 

never mimic and correct for mAb cross-reactivity. Approaches to prevent such in cis 

interactions properly are the use of Fab fragments lacking Fc domains or mAbs with 

inactivated Fc domains. 

Effector functions 

After FcγR cross-linking, cytoplasmic ITAM tyrosine residues are phosphorylated by 

protein tyrosine kinase Syk, leading to further signal transduction and eventually 

effector responses. Different types of these FcγR-directed effector functions can be 

distinguished:47 negative feedback inhibition (by inhibitory FcγRIIb), Ag cross-

presentation, degranulation, phagocytic and cytotoxic responses, of which the last 

three will now be discussed in more detail. 

In antibody-dependent cellular phagocytosis (ADCP), opsonized target cells are 

ingested by phagocytic effector cells (phagocytes). Phagocytes mainly comprise 

macrophages, monocytes and neutrophils which phagocytose opsonized target cells 

through FcγR clustering-induced actin rearrangements and consecutive engulfment. 

After complete internalization, phagosomal target cells can be degraded by enzymatic 

digestion after fusion of the phagosome with the lysosome. Another potent phagocytic 

killing mechanism is respiratory burst (or oxidative burst) which occurs during and after 

target ingestion. Through the rapid release of reactive oxygen species (ROS) by the 

nicotinamide adenine dinucleotide phosphate (NADPH) system substantial oxidative 

damage is brought to the target and can lead to destruction. Especially, activating 

FcγRIIa has been demonstrated to play an important role in ADCP by monocytes and 

neutrophils. FcγRIa has long been thought of as biologically irrelevant in directing 

phagocytic responses as this high-affinity receptor would be constantly saturated with 

aspecific serum IgG (cytophilic IgG) and therefore unavailable for specific opsonizing 

antibodies. However, evidence is accumulating that FcγRIa does play a pivotal role in 

specific effector cell responses e.g. through cytokine-induced inside-out signaling that 

would cause a shift from inactive to active state.48 FcγRIIIa has been shown to direct 

monocyte and macrophage phagocytosis, which is also true for neutrophil FcγRIIIb that 

seem to cooperate with FcγRIIa.32,49 
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Cytotoxic responses can be elicited via complement or FcγRs. In antibody-dependent 

cellular cytotoxicity (ADCC), opsonized target cells are destructed through FcγR 

clustering-induced degranulation of effector cells. NK cells are notorious for their 

capacity to perform classical ADCC and are consequently often targeted in antibody-

based immunotherapies. NK cell effector functions are directed through FcγRIIIa 

molecules that form immunological synapses with opsonizing IgG. Receptor clustering 

triggers fusion of intracellular granules with the PM and subsequent release of 

granzyme B and perforin in the synaptic canal. This controlled degranulation leads to 

target cell lysis. In addition, other cell types, e.g. monocytes and neutrophils, are also 

capable of exerting ADCC, however the underlying mechanisms seem to differ from NK 

cells and are poorly understood.50 There are indications that neutrophil and monocytic 

responses, different from of classical ADCC, highly depend on respiratory burst activity 

resulting in target cell lysis.51 Recent studies indicate that neutrophils exert ADCC 

towards tumor cells through the process of antibody-dependent trogocytosis, in which 

the effector cell pinches off part of the target PM leading to cytolysis.32,52 Irrespective 

of the exact underlying mechanisms, ADCC responses by unstimulated 

(unprimed/naïve) neutrophils are predominantly directed through FcγRIIa (H131> 

R131).32,52,53 Furthermore, FcγRIIIb on naïve neutrophils appeared to restrict FcγRIIa-

directed ADCC towards tumor cells by functioning as a decoy, whilst these two 

receptors cooperate in ADCP of bacteria.32 All in all, ADCC performed by effector cells 

different from NK cells is poorly understood and requires more detailed investigation, 

in particular for neutrophils displaying inflammatory phenotypes. 

Alternative FcγRs? 

Next to the conventional FcγRs described above, there are several other receptors 

which can potentially also bind IgG-Fc. One of those is the versatile C-type lectin 

receptor DC-SIGN (dendritic cell-specific ICAM-3 grabbing non-integrin) found on 

dendritic cells (DCs) and macrophages where it functions as a PRR but also plays a role 

in T cell adhesion, and regulation of Ag uptake and presentation.54,55 In addition, DC-

SIGN has also been put forward as an alternative, or type II, FcγR.56 Another proposed 

type II FcγR is CD23 (FcεRII) which is homologous to DC-SIGN (both located at q13 on 

chromosome 1957) and known for its expression on mature B cells and low-affinity 

binding to the IgE-Fc domain. In the proposed model, both receptors are able to bind 

IgG-Fc at the interphase between IgG-Fc-CH2 and -CH3, in a similar manner as CD23 

binds IgE.58 Accordingly, CD23 and DC-SIGN should bind IgG in a calcium-dependent 

manner and a stoichiometry of 2 : 1. Importantly, the binding site on the CH2-CH3 

interphase has been proposed to be exclusively available when the glycan in the IgG-Fc 

contains sialic acid moieties. This sialylation is hypothesized to inflict conformational 

changes in the IgG-Fc revealing the cryptic binding site for CD23/DC-SIGN and 
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decreasing conventional FcγR binding by closing the inter-CH2 space (Fig. 5A).58 

However, structural studies have demonstrated that sialylation-induced changes are 

minimal and occur outside the CH2-CH3 interphase (Fig. 5B).59,60 In addition, a 

considerable amount of contradictive studies have emerged questioning the 

involvement and existence of the IgG-DC-SIGN/CD23 interactions. Most evidence for 

these interactions is indirect56,61–65 and direct evidence in the form of binding studies is 

scarce, limited to one group56,58 and contradicted by others.66,67 Taken together, since 

available binding studies did not include well-characterized IgG formulations56,58 or the 

CD23-IgG interaction,66 this controversial subject requires more extensive investigation 

in order to be settled. 

 

FIGURE 5 
IgG1-Fc sialylation-induced conformational changes and influence on FcγR binding capacity. (A) Schematic representation of 

IgG1-Fc sialylation-induced open-to-close conformational changes and the subsequent effects on FcγR binding to the CH2-

CH2 and CD23/DC-SIGN binding to the proposed cryptic binding sites on the CH2-CH3 interphase. Binding capacity is 

depicted by arrows where green and red colors indicate efficient and abolished binding, respectively. This figure was 

adapted from Pincetic et al., 2014.62 (B) Structure of native IgG1-Fc (orange ribbons; PDB ID: 3AVE) and superimposed the 

glyco-engineered di-sialylated structure (blue ribbons; PDB ID: 4Q6Y). Individual Fc-glycan structures are colored brighter 

than the protein structure. This figure was generated using PyMOL software and adapted from Mimura et al., 2018.117 

CRP receptors 

CRP has also been identified as another ligand for FcγRs and thereby able to trigger 

several destruction mechanisms by effector cells. However, which classes of FcγR bind 

CRP has been matter of debate in the past, with papers reporting binding of all or some 

types of FcγR classes, but also others reporting no binding to FcγRs at all. In particular 

for FcγRIIa, CRP interactions have remained elusive until recently. Initially, the 

polymorphic R131 variant of FcγRIIa was reported as the high-affinity receptor for CRP 

based on the strong binding to human myeloid cells and monocytic cell lines.68 

However, these findings were later identified as false positive, most likely as a result of 

the use of anti-CRP mIgG1 preferentially cross-reacting with the hFcγRIIa-R131 variant. 

When anti-CRP F(ab’)2 fragments were used in a similar setup, no binding could be 

detected to FcγRIIa-expressing cells, suggesting CRP does not bind FcγRIIa.69 Later, 

using more sensitive and antibody-free approaches, binding of CRP to FcγRIIa was 

detected but with more subtle affinities than initially reported.70 Additional evidence 
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for CRP-FcγRIIa interactions was provided by Bodman et al. which showed rosetting of 

CRP-opsonized erythrocytes (red blood cells) around FcγRIIa-expressing COS-7 cells.71 

Binding of CRP has also been demonstrated for FcγRIa, FcγRIIb and FcγRIIIa using 

antibody-free approaches, providing further evidence for the existence of CRP-FcγR 

interactions.70 Nevertheless, this subject still requires more extensive investigation as 

the full spectrum of these interactions has never been studied and quantified in one 

comprehensive study using an antibody-free strategy and including all functional FcγR 

polymorphisms. CRP has also been demonstrated to bind activating IgA-Fc receptor 

(FcαRI/CD89)70 and thereby potentially able to trigger additional myeloid cell effector 

functions. Like FcγRs, FcαRI belongs to the Ig superfamily and is most similar to FcγRIIIa 

as it has two extracellular D1 and D2 domains and engages with the FcRγ-chain to 

function.  

Although the exact crystal structure of any CRP-FcR interactions has not been 

determined to date, the co-crystal was resolved for FcγRIIa bound the CRP-homolog 

serum amyloid component P (SAP), also a pentraxin and structurally similar to CRP.70 

Based on this and mutation data,72,73 CRP-FcR interactions are currently thought to 

occur in a 1 : 1 stoichiometry where both FcR D1 and D2 each interact with one 

protomer on the ridge helix (Fig. 4C). Consequently, IgG/IgA and CRP partially bind FcR 

on the same spot (both D2).  

The biological importance of all these CRP-FcR interactions requires more extensive 

investigation as binding affinities are generally lower than for IgG1. In addition, their 

functional involvement in eliciting FcγR-mediated effector functions has been studied 

to some extent, but requires more detailed investigation particularly for more natural 

contexts. 

C1q 

The link between opsonizing antibodies and the innate complement system is the C1q 

glycoprotein, one of the subcomponents forming together with C1r and C1s the first 

complement complex (C1) of the classical pathway.74 This soluble effector molecule has 

a hexameric structure assembled from six trimeric polypeptide chains each ending in a 

globular head group and is known to bind pentameric, and less common hexameric, 

IgM. Accordingly, each C1q head group can also bind IgG-Fc but only in hexameric 

configuration in a C1q : IgG stoichiometry of 1 : 6, also confirmed by co-crystal analysis.75 

Different from IgM, IgG is produced as monomers, but through target cell opsonization 

IgG molecules come in close proximity thereby providing such hexameric platforms in 

which Fc domains interact with one another. Subsequent binding of the C1q globular 

head domain to IgG-Fc leads to assembly of the C1 complex, initializing the classical 

pathway and resulting in target cell lysis through pore formation by the membrane 
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attack complex (MAC). One of the factors influencing C1q binding efficiency and 

thereby also complement-dependent cytotoxicity (CDC) and complement-dependent 

cellular cytotoxicity (CDCC) is the glycosylation status of the IgG-Fc, which will be 

discussed extensively later. 

CRP has also been described as another ligand for C1q. Although co-crystals are 

currently lacking, C1q has been proposed to bind ligand-bound CRP molecules through 

its hexameric globular head domain. Each individual globular head group within this 

domain should be able to dock asymmetrically into the A-face pore on the ridge helices 

(Fig. 2B) of a pentameric CRP molecule, thereby enabling one C1q molecule, at least 

theoretically, to bind six CRP molecules simultaneously.76 Subsequent C1 activation 

requires at least two pentameric CRP molecules, like for IgG. The biological relevance 

of C1q-CRP interactions is confirmed by the ability of opsonizing CRP to trigger efficient 

CDC of target cells.76–79 

IgG GLYCOSYLATION 

Oligosaccharide structures (glycans) are covalently attached to the Ig-Fc or -Fab 

domain through a post-translational cellular process, called glycosylation. This coupling 

 

 

FIGURE 6 
IgG-Fc and -Fab glycosylation and composition. Schematic representation of IgG1-Fc (red circle, N297) and -Fab (orange 

circle, VH/VL) glycosylation sites (left) with the corresponding prevailing glycan structure (GlcNAc [blue squares], mannose 

[green circles], fucose [red triangle], bisecting GlcNAc [cyan square], galactose [yellow circle] and sialic acid [purple 

diamond]). On the right a schematic representation of complex-type N-linked glycan structure with all possible extensions to 

the core structure (within the dashed area). Relative sugar residue prevalence (%) on IgG1-Fc or -Fab N-linked glycans or in 

total IgG1. This figure was adapted from van de Bovenkamp et al., 2016.107 
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can occur through either nitrogen atoms (N) on asparagine (N/Asn) amino acid 

residues, or oxygen atoms (O) on threonine (T/Thr) or serine (S/Ser) residues. 

Biosynthesis of N-linked glycosylated immunoglobulins starts in the endoplasmic 

reticulum (ER) where a precursor glycan molecule is attached to immunoglobulin N 

residues in an N-X-S/T context, with X representing type of residue except proline 

(P/Pro). This precursor is processed in the ER and Golgi apparatus where enzymatic 

fine-tuning results in the complex-type biantennary core structure composed of N-

acetylglucosamine (GlcNAc) and mannose moieties. During subsequent enzymatic 

steps in the Golgi, this core structure is variably extended with several (other) types of 

sugar moieties; fucose, bisecting GlcNAc (bisection), galactose and sialic acid (Fig. 6). 

This adds significant variability to the glycan composition but also to Ig’s biological 

function since the glycan’s exact composition can play a pivotal role in the interaction 

with effector molecules and the efficiency thereof. Therefore, IgG glycosylation 

encodes for an important modulating potential. 

IgG-Fc glycosylation 

It has been known for considerable time that the conserved N-linked glycans on each 

heavy chain in the IgG-Fc domain are required for the open CH2 conformation (Fig. 7) 

and play a crucial role in effector molecule binding and determine subsequent effector 

functions. Hence, IgG-Fc deglycosylation by removing these glycans at position 297 

(N297), through mutation or enzymatically, abolished IgG-effector molecule 

engagement and effector functions. Next to the presence of these glycans, the exact 

composition impact and thereby regulate IgG functionality. Some of these differential 

IgG-Fc N297 glycan compositions and their biological effects will be discussed in the 

following sections. 

Core fucosylation 

As mentioned, protein glycosylation occurs in the ER and Golgi system, but how this 

process is exactly regulated in vivo remains unclear. Especially, slight changes in glycan 

composition affecting IgG response potencies are of interest to clarify underlying 

mechanisms. An example of such subtle change in glycosylation has been found in 

 

FIGURE 7 

IgG1-Fc glycosylation-induced conformational changes. In blue structure of 

glycosylated IgG1-Fc (PDB ID: 3AVE) and superimposed in red aglycosylated structure 

(PDB ID: 3S7G). Fc-glycan structures are depicted by blue sticks. This figure was 

generated using PyMOL software and adapted from Mimura et al., 2018.117 
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maternal alloimmunization responses towards paternal Ags on fetal blood cells. Under 

these conditions, the mother produces IgG against fetal thrombocytes (fetal and/or 

neonatal alloimmune thrombocytopenia [FNAIT]) or erythrocytes (hemolytic disease of 

the fetus and newborn [HDFN]) thereby targeting healthy blood cells for IgG-mediated 

destruction. These alloantibodies have been demonstrated to display significantly 

lower N297 core fucosylation (hypofucosylation) compared to total IgG that exhibited 

∼94% fucosylation.49,80–83 In addition, fucosylation level of serum IgG related inversely 

with disease severity and also predicted disease outcome, implying its prognostic 

potential.80,82,83 

It has been well established that N297 hypofucosylation can markedly enhance binding 

affinities to FcγRIIIa/b36–38,49,84,85 potentially as a result of a stabilized configuration with 

respect to the N162 glycan.37,38 Consequently, hypofucosylated IgG trigger more 

efficient effector functions, e.g. FcγRIIIa-mediated NK cell ADCC responses towards 

various types of target cell80,84–86 and phagocytosis by CD16+ monocyte subset (through 

FcγRIIIa) and naïve neutrophils (FcγRIIIb-mediated).32,49 Conversely, the use of 

hypofucosylated IgG diminished neutrophil-mediated ADCC and trogocytosis because 

of FcγRIIIb targeting which functions as a decoy of FcγRIIa-directed effector functions in 

these responses.32 Remarkably, IgG autoantibodies against thrombocytes, in immune 

thrombocytopenia (ITP), or erythrocytes, in autoimmune hemolytic anemia (AIHA), do 

not display aberrant fucose levels classifying hypofucosylation as an alloantibody-

specific hallmark and indicating divergent regulatory processes for allo- and 

autoantibody glycosylation. Since IgG responses to enveloped, and not non-enveloped, 

viruses (including SARS-CoV-2) also exhibited aberrantly low core fucose levels87 our 

group hypothesized that B cell recognition of both self- and non-self-Ags is responsible 

for the modulation of the subsequent intracellular glycosylation process. As non-self-

Ags are absent in autoimmune settings, this will also explain why autoimmune IgG do 

not display altered fucosylation patterns. 

Galactosylation, sialylation and bisection 

Although having normal core fucosylation, autoimmune IgG responses can also display 

altered glycosylation patterns with generally lower galactosylation levels of total IgG 

compared to healthy controls.88,89 For the specific anti-erythrocyte autoantibodies, in 

AIHA, galactosylation was even lower, next to bisecting GlcNAc and enhanced 

sialylation compared to total IgG.88 Based on this association between autoantibodies 

and low N297 IgG-Fc galactose, hypogalactosylated IgG have long been thought of as a 

pathogenic type of glycoform. However, in FNAIT and HDFN, maternal alloantibodies 

displayed (next to lower fucosylation) subtly enhanced galactosylation which correlated 

with disease severity.80–82 In addition, IgG-Fc N297 galactosylation was found to further 

enhance binding affinity of afucosylated IgG to FcγRIIIa/b, while the binding affinity of 
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fucosylated IgG was hardly affected.84,85,90 Furthermore, regardless of IgG-Fc 

fucosylation status, degree of galactosylation – as well as sialylation – increased the 

binding of IgG to FcγRIIIa and C1q resulting in potentiation of NK cell-mediated ADCC, 

complement deposition and CDC.84,85,90,91 

In the last few decades, there has been growing scientific interest in sialylated IgG 

glycoforms because of their proposed anti-inflammatory potential. As described 

previously, C-type lectin DC-SIGN has been proposed as a receptor for IgG-Fc with 

sialylated N297 glycans. These glycoforms have been suggested to exert 

immunomodulatory functions through this receptor e.g. anti-inflammatory effect of 

intravenous Ig (IVIg) therapy by the sialylated fraction (approximately 16%92). IgG 

binding to DC-SIGN has been reported to inflict consecutively release of cytokines and 

upregulation of inhibitory FcγRIIb on macrophages.62,93,94 This would then lead to an 

enhancement of the threshold for inflammation. Next to DC-SIGN, C-type lectin CD23 

found on mature B cells has also been put forward as a bona fide FcγR for sialylated 

glycoforms and IgG binding has been reported to elicit upregulation of FcγRIIb thereby 

increasing the threshold for B cell receptor signaling and affecting Ig-affinity 

maturation in mice.63,64 However, in vivo studies investigating the proposed 

immunomodulation by sialylated IgG have often been performed in mouse models 

expressing functional orthologues which are related and similar, but not identical95,96 to 

human DC-SIGN (42% identity and 53% similarity [positives] between amino acid 

sequences of human DC-SIGN [Uniprot: Q9NNX6] and mouse SIGN-R1 [Q8CJ91]) or 

human CD23 (54% identity and 71% similarity between human CD23 [P06734] and 

mouse FcεRII [P20693]), as determined by the online blastp suite-2sequences tool.97,98 

Next to this, considerable differences in cellular and molecular pathways between 

humans and mice complicate interpretation of these studies even more,99 and 

therefore one should be cautious extrapolating in vivo mouse data to the human 

context. Yet, transgenic expression of human DC-SIGN in SIGN-R1-/- mice has been 

demonstrated to restore the anti-inflammatory effect by sialylated human Fc 

fragments,61 making immunomodulation by these glycoforms and the involvement of 

DC-SIGN herein more plausible for the human context. At present, humanized mouse 

models for CD23 have never been used and would be very helpful in order to get a first 

impression whether current in vivo findings (using mouse FcεRII+/+ and -/- mice)63,64 also 

apply to the human setting. During the last decades, a significant amount of 

contradictory studies were published reporting that sialylated IgG do not trigger 

stronger anti-inflammatory responses in vitro100–103 and/or in vivo in mice.104–106 Others 

suggested that not the IgG-Fc sialylated fraction but rather IgG with sialylated N-linked 

glycans in the IgG-Fab domains are responsible.105 All in all, IgG sialylation can certainly 

affect effector molecule binding and effector functions, but how this exactly works 
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remains to be fully elucidated and requires more extensive investigation, especially in a 

human setting. 

In general, IgG-Fc bisection does not seem to markedly affect IgG binding to effector 

molecules. Our group reported previously that bisection subtly enhances binding of 

hypofucosylated and galactosylated IgG1 to FcγRIIIa/b which is abolished by increasing 

sialylation degree. However, these slight differences in binding do not significantly 

affect FcγRIIIa-directed effector functions suggesting that IgG-Fc bisection has minor 

biological relevance. 

IgG-Fab glycosylation 

Next to the conserved glycans on N297 in the IgG-Fc, an additional 10 to 25% of total 

IgG in healthy individuals also have N-linked glycans in the IgG-Fab domains.107 The 

glycosylation sites for these Fab glycans are introduced during somatic hypermutation 

and limited to the Ag-binding variable regions (VH and VL) with a predisposition in 

complementarity-determining regions. Fab glycan incorporation seems to be due to 

strong selection, either for or against, in germinal centers and part of diversification of 

antibodies and affinity maturation.108 Similar to IgG-Fc glycans, Fab glycans are 

proposed to influence IgG stability, half-life and biological activity, e.g. Ag binding. In 

addition, these complex-type glycans also have biantennary structures that can be 

variably extended with fucose, bisecting GlcNAc, galactose and sialic acid. In general, 

Fab glycan composition differs from Fc glycans, with the most prevailing Fab glycans 

containing lower core fucosylation but higher bisection, galactose and sialic acid levels 

(Fig. 6). 

Although IgG-Fab glycosylation has been proposed to play a protective role in maternal 

alloimmune responses during pregnancy, enhanced Fab glycosylation of serum IgG is 

also associated with certain pathological autoimmune and malignant conditions.107 In 

addition, as mentioned before, Fab-sialylated IgG have also been hypothesized by 

some to be responsible for the anti-inflammatory effect of IVIg.101 In conclusion, IgG-

Fab glycosylation encodes for an important modulatory potential, but our 

understanding is still in its infancy and should be extended through more detailed 

investigation. 

ANTIBODY ENGINEERING 

Based on their versatile nature, IgG antibodies have been applied in numerous in vitro 

or in vivo techniques in research, diagnostics and therapeutic contexts. Depending on 

the application, IgG with enhanced or abolished effector functions are desired. In order 

to modulate IgG functions, several engineering tools have been developed during the 

last decades. 
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One of the best known therapeutic applications of IgG is in antibody-based cancer 

immunotherapies. In these therapies, IgG are administered to patients suffering from a 

wide variety of cancer types. Important for efficacy is the specificity for tumor Ags and 

its ability to recruit immune cells to the tumor environment. To optimize the first, 

humanized IgG are produced recombinantly with high-affinity specificity for one tumor 

epitope (mAbs). For efficient effector function recruitment, potent mAb-FcγR 

interactions are required. Therefore, mainly the activating IgG subclasses, IgG1 and 

IgG3, are selected for these approaches, where the choice is mostly skewed towards 

IgG1. A strategy to further enhance binding capacities of these IgG1- and IgG3-based 

mAbs is IgG-Fc afucosylation through glyco-engineering. As mentioned previously, low 

core fucosylation increases IgG1/3 binding affinities to FcγRIIIb and, importantly, 

activating FcγRIIIa.84–86 Consequently, NK cell-mediated killing of targeted cells is 

enhanced. In addition, considerable effort has been put into protein-engineering 

strategies aiming to enhance IgG affinities to activating FcγRs, preferentially in 

combination with decreased binding to inhibitory FcγRs, thereby optimizing the A : I 

ratio. IgG1-Fc mutant screening studies identified numerous amino acids in the IgG-

hinge, -CH2, -CH3 important for FcγR binding and therefore form targets for IgG 

effector function modulation, extensively reviewed by Wang et al.109 To illustrate, 

mutations S239D/I332E increased both IgG1 binding to FcγRIIIa and ADCC 

magnitude.110 An additional mutation A330L in the S239D/I332E context decreased 

binding to inhibitory FcγRIIb, enhancing the A : I ratio even more.110 Yet other mutations 

appeared to increase IgG circulation half-life through enhanced binding to the neonatal 

FcR (FcRn), which forms another aspect important to improve IgG efficacy.109 

Sometimes mAb’s monospecific feature limits its therapeutic potential. Therefore, 

combination therapies have been developed, administering more than one specific 

mAb. Another strategy is the application of bispecific antibodies (bsAbs) which are 

basically mAbs with the ability to bind two different types of Ags. In recent years, 

several bsAb formats have been developed. One of these formats is the Duobody 

technology which is based on the naturally-occurring process of Fab-arm exchange for 

IgG4, resulting in bsAbs with normal IgG features and structure.111 For this purpose, 

two parental monospecific mAbs are produced separately, one with R409 background 

and the other with leucine (L/Leu) at position 405. Subsequently, co-incubation under 

reducing conditions cause the parental IgG molecules to fall apart into half-molecules. 

Oxidation causes reassembly and formation of bsAbs because of the preferential 

binding between R409 and L405 half-molecules. To illustrate its functionality: a 

Duobody bsAb specific for tumor Her2 and T cell CD3 bound simultaneously to tumor 

and T cells and resulted in successful T cell-mediated tumor cell killing in vitro and in 

vivo in mouse models.111 
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In contrast to optimization of FcγR-IgG configurations, some applications rather require 

inactivation of the IgG-Fc. For example, immunostaining approaches in research or 

clinical immunodetection can be corrupted by undesired cross-reactivities of IgG-Fc to 

FcγRs. In addition, some therapeutic antibodies are meant to function as an agonist or 

conversely as a blocker of ligand-receptor interactions through their F(ab’)2 domain, 

without warranting recruitment of effector functions through IgG-Fc interactions with 

FcγRs. Furthermore, Ab-drug formulations also benefit from an inactive IgG-Fc as this 

reduces aspecific toxicity. Therefore, numerous approaches have been developed to 

inactivate the IgG-Fc. One of the first approaches was the use of low-reactive IgG4 with 

a single amino acid mutation in the Fc (L235E) causing reduced FcγR binding.112 

Another target for abolished FcγR binding has been the conserved Fc glycan at position 

N297. As already mentioned, this glycan plays a pivotal role in FcγR binding as removal 

through mutation (aglycosylation) of the N residue into for example alanine, glycine or 

glutamine, resulted in abolishment of IgG binding to FcγRs. Next to mutation, easier 

strategies have been developed for glycan removal, namely through enzymatic 

digestion by endoglycosidases (deglycosylation). Examples are Peptide N-Glycosidase F 

(PNGase F) and Endoglycosidase S (EndoS), both occurring naturally but also marketed 

recombinantly, which efficiently digest N-linked glycans at the base and after the first 

GlcNAc residue, respectively.113–115 Another well-known solution is the generation of 

antibody fragments lacking the complete Fc domain (Fab or F[ab’]2). Although very 

effective, the production of these formulations is not very cost-efficient and sometimes 

technically challenging. 

SCOPE OF THE THESIS 

In general, the aim of this thesis is to extent our current understanding of opsonin-FcR 

interactions and the elicited immune cell effector functions, mainly focusing on 

interactions between IgG and FcγRs. First, considerable effort was put into the 

production of human cell lines stably expressing human DC-SIGN and CD23 enabling us 

to screen different IgG glycoforms for receptor binding to determine whether these C-

type lectins are indeed bona fide FcγRs and whether these should therefore be added 

to the FcγR panel we use in our studies (Chapter 2). In addition, several conventional 

FcγRs were produced recombinantly in order to complete our panel of C-terminally 

biotinylated FcγRs which enabled us to perform IgG affinity measurements. Since 

immunological research and diagnostics rely heavily on the use of mAbs from mouse 

origin, knowing that we have large information gap in whether, and then how, mouse 

antibodies interact with human FcγRs, we decided to use this FcγR panel to study 

extensively the full spectrum of cross-reactivities between mIgG subclasses and human 

FcγRs (Chapter 3). Next to fundamental basic knowledge this study provides, it will also 
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tell in which contexts mouse mAbs should or should preferentially not be used for 

research, especially when studying FcγR-expressing (myeloid and NK) cells, and what 

alternative strategies can be applied to prevent undesired cross-reactive interactions. 

The latter is especially important in the light of the Kurlander effect. Together, 

Chapters 2 and 3 can be considered as two investigative and preparatory studies 

required to perform studies described in Chapters 4–6 as proper and comprehensive as 

possible. In the next research chapters IgG-FcγR interactions are investigated in more 

depth by also focusing on antibody-mediated effector functions. In Chapter 4 NK cell-

mediated ADCC responses towards IgG-opsonized erythrocytes are investigated 

extensively and several parameters are tested for their impact on cytotoxic capacity. 

More insight into the influence and relative importance of these parameters does not 

only give valuable information on the basics of NK cell-mediated ADCC but also give 

leads to improve mAb-mediated ADCC in vivo and tell which factors should be taken 

into account during the design and interpretation of in vitro ADCC assays. Chapter 5 

dissects the role of CRP on IgG-mediated ADCC by NK and myeloid cells. In addition, 

CRP’s role in myeloid phagocytosis and respiratory burst responses are also 

investigated. Next to functional effects, Chapter 5 provides an overview for the 

complete spectrum of CRP-FcR interactions thereby contributing to clarity in this 

debated subject. Subsequently, the functional involvement of these interactions in IgG-

mediated erythrocyte destruction will be determined extensively and to a lesser extent 

also in tumor cell destruction by therapeutic mAbs. These findings will give a better 

notion of pathogenesis in hemolytic diseases and potentially novel strategies to treat 

these patients and to optimize existing antibody-based immunotherapies. In the final 

research chapter (Chapter 6) antibody-mediated destruction of tumor cells will be 

investigated in more detail and uses a novel bsAb Duobody formulation (TrisomAb) to 

improve tumor cell killing strategies by current therapeutic mAbs. This study describes 

the ability of the engineered IgG1-based bsAb TrisomAb to target tumor cells for 

destruction through FcγR-directed effector functions: IgG-Fc-mediated NK cell-

mediated ADCC and macrophage-mediated ADCP. In an attempt to also add FcαRI-

directed neutrophil-mediated effector functions to this, TrisomAb was designed with 

specificity for the FcαRI aiming to inflict neutrophil activation, additional recruitment to 

the tumor and enhanced destruction thereof. Chapter 7 comprises the general 

discussion where the findings described in this thesis will be summarized and discussed 

in the light of current literature. 
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