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IntroductIon

Antibodies, or immunoglobulins, are the key element of humoral immunity. They are 
the molecular adaptor proteins that couple the specific adaptive humoral response 
to the non-antigen specific effector cell response. In addition to being vital to the 
immune response against most pathogens, they are also the mediators of many 
serious allo- and autoimmune diseases such as haemolytic disease of the new born 
and RA or myasthenia gravis, respectively. Furthermore, pharmaceutical monoclonal 
antibodies are being developed as the next generation of targeted drugs to treat 
various diseases including cancers, autoimmune diseases, cardiovascular disease 
and transplant rejection. Even after decades of intense research, much is still unclear 
about the interaction between antibodies and their receptors on effector cells, and 
which factors influence the outcomes of this interaction. This thesis will focus on 
how maternal antibodies are transported during pregnancy across the placenta, 
providing the fetus with humoral immunity for the first few months after birth, but 
also on how subtle differences in the antibody structure can affect the course of 
events following antibody receptor ligation. 

Antibodies; backbone of the humoral immune system

Antibodies are secreted by B-cells which have been activated by their cognate antigen 
and can be classified into five distinct Immunoglobulin (Ig) isotypes based on their 
heavy chain; IgM, IgG, IgD, IgA and IgE, which are produced at different time points 
during the immune response and/or in response to different kinds of antigens. 1 For 
example, IgM is the first antibody secreted during an immune response, while IgA is 
associated with mucosal immunity. 2 IgG has the highest concentration and longest 
half-life of all antibody isotypes in serum and high affinity to antigens, which is the 
result of affinity maturation during somatic hypermutation (SHM). 

Two of the five antibody isotypes can be further divided into subclasses: IgG with 
four (IgG1-4) and IgA with two (IgA1-2), making up to nine different immunoglobulin 
types in total. 1;3-5 Small genetic variations between individuals in the constant 
regions within each subclass create additional variability named allotypes (Table 1).

Most of these polymorphic residues are found in the IgG3 subclass, which is 
comprised of 17 different allotypes. 6-8 The existence of immunoglobulin allotypes 
was discovered in the mid-50s by Grubb et al., following which the polymorphism of 
IgG was further elucidated by serological typing using sera from multiple transfused 
individuals and multiparous women, i.e. individuals who had had the opportunity 
to produce an anti-allotypic antibodies. 9 Serologically defined allotypes can vary 
greatly between ethnic groups as well as between individuals within a group, and 
before the days of DNA fingerprinting IgG allotyping was used in population studies, 
forensic science and paternity testing. 10-12 The polymorphism of IgG was mapped 
and originally categorized by serology, not genetic sequencing, but nevertheless 
the term “genetic marker” (Gm), followed by the subclass number, was chosen to 
describe it within the IgG subclasses (i.e. G1m for IgG1 allotypes etc.). The allotype 
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Chapter 1

can then be further distinguished by either letters or numbers, depending on whether 
the earlier alphabetical or the newer numeric nomenclature is used. For example, a 
naturally occurring IgG3 allotype which has a Histidine instead of an Arginine at 
location 435 is known as either IgG3(s,t) or G3m16*. 13

The three dimensional structure of all antibodies is similar; four polypeptide 
chains (two heavy, two light) forming a symmetrical Y-shape with an Fc (Fragment 
crystallisable) “tail” which interacts with complement and Fc receptors on effector 
cells, as well as two Fab “arms” at the tips of which the antigen-binding region is 
located (Figure 1).

The protein can also be divided into “constant” and “variable” domains. While 
the former determine the isotypes and subclass of antibody, the latter are unique 
for every single B cell exiting the bone-marrow and bestow antigen specificity due 
to somatic recombination of VDJ (Variable, Diversity and Joining) gene segments. 
In addition to heavy chain variation conferring the antibody isotype, there are also 
two light chain isotypes named k and l. 14;15 The two light chains are very similar in 
structure and have traditionally been considered interchangeable. In healthy humans 
the k:l ratio is around 2:1 and a significant deviation from this ratio can be a sign of 
the presence of a (possibly malignant) monoclonal B cell or plasma cell population. 16 
The four chains of an antibody are held together by strong disulphide bonds, the 
number and location of which depends on the isotype and subclass. 17 Recently it 

table 1. An overview of IgG allotypes, showing the numeric nomenclature (alphabetic notation 
given in brackets). Table adapted from Jefferis and LeFranc6

heavy chains Light chains

Subclass/isotype IgG1 IgG2 IgG3 IgA k

Allotypes G1m G2m G3m A2m Km

1(a) 23(n) 21(g1) 1 1

2(x) 28(g5) 2 2

3(f) 11(b0) 3

17(z) 5(b1)

13(b3)

14(b4)

10(b5)

15(s)

16(t)

6(c3)

24(c5)

26(u)

27(v)
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Fig2. Make gray-scale?

was shown that one subclass of IgG, IgG2, is capable of forming more than one type 
of three dimensional structures by altering the arrangement of its disulphide bonds 
(Figure 2). 18;19 This ability is mostly limited to the IgG2k isotype. 20 The two main 
structural isoforms found in IgG2k have been named kA and kB; the A form being 
considered the conventional form. An intermediate IgG2 form consisting of both A 
and B heavy chains, giving rise to an asymmetrical structure, is referred to as kAB. 
Apparently, most IgG2k is secreted by plasma cells as the A form, but is then quickly 
converted into the intermediate AB form by interacting with small thiol-containing 
compounds present in blood. 21

Figure 1. structure of IgG1 and IgG3, depicting the location of h and R 435, respectively and 
the division of the protein into Fab “arms”, hinge and an Fc “tail”. V= variable, C= constant, 
H= heavy, L= light. 

Figure 2. simplified representation of IgG2, depicting the inter-chain disulphide bonds of the 
three most common structural isomers A, B and AB. Intra-chain disulphide bonds have been 
removed for simplicity

Fig 1. (make gray-scale?)
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The conversion of AB into B is a much slower process (with AB having a conversion 
half-life of ca. 5 days, vs. only half a day for the A structure), and can be interpreted 
as an indicator of the protein’s age.21 Both of the symmetrical isotypes A and B 
can be generated from a native IgG2k in vitro by a redox treatment which entails 
a prolonged incubation in the presence of cysteine and cystamine and then either 
adding or withholding guanidine hydrochloride (GuHCl). 20 So far, no significant 
functional differences have been attributed to these structural isoforms of IgG2.

Investigating antibody-Fc receptor interaction has never been more relevant 
for medicine, since monoclonal antibody therapy is one of the most promising new 
treatments available to people suffering from cancer and auto-immune diseases. 
The key to the success of this therapy is the molecule’s inherent specificity, since 
therapeutic antibodies have the potential to be more specific and therefore 
cause fewer side effects than the more broad-acting chemotherapeutic agents or 
corticosteroids. Whether or not an antibody-based treatment will be successful 
depends on many factors, including antibody half-life in the body, tissue localization 
and interaction with complement and Fc receptors; all of which are influenced strongly 
by the isotype, subclass and perhaps even allotype of the antibody chosen.  22 In 
fact, therapeutic antibodies are almost exclusively of the IgG isotype and usually of 
the IgG1 subclass, due to its long half-life, good specificity and powerful effector 
functions. 23 Around 30 monoclonal IgG antibodies have so far been approved 
by the American Food and Drug Administration for treatment of cancer, most of 
which hit the market only in the last decade or so. 24 Presently, hundreds more are 
being developed and tested in clinical trials all over the world. While therapeutic 
antibodies are often used together with conventional chemotherapy, the hope is 
that they may eventually replace it as the treatment of choice for many solid cancers 
and haematological malignancies. Therapeutic antibodies can be categorised into 
naked and conjugated antibodies, depending on whether or not they have been 
conjugated to drug molecules such as toxins, chemotherapeutics or radioactive 
isotopes. Antibody Drug Conjugates (ADCs) are sometimes referred to as “smart 
bombs”, as opposed to the “carpet bombing” of conventional chemotherapy, since 
they deliver their cytotoxic payload only to their selected targets. While only two 
conjugated antibodies have been approved by the FDA to date, that is poised to 
change since many pharmaceutical companies consider ADCs to be integral to the 
future of targeted cancer treatment. Naked antibodies on the other hand either rely 
on activating the effector pathways of the patient’s own immune system or they act 
simply through binding their antigen; for instance by blocking activating receptors 
or by signalling via cell death receptor on the surface of cancer cells. 24-26 There are 
indications that unlabelled antibodies belonging to the first group, i.e. the ones that 
recruit effector cells against the cancer, might even recruit adaptive tumour-antigen 
specific immune responses by essentially functioning as adjuvants in a cancer-
antigen vaccination. 27
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On the flip side of the coin, antibodies can also be pathogenic in auto- 
and alloimmune settings. Depending on which self-antigen they recognize, 
autoantibodies secreted by auto-reactive B cells can mediate and exacerbate 
various autoimmune diseases, such as in rheumatoid arthritis, systemic lupus and 
immune thrombocytopenia. 28-30 A response mounted against antigens which are 
not expressed by the host itself but rather by other members of the same species 
is called an alloimmune response. The foreign antigen originates either from donor 
tissue (such as an organ or transfused blood) or from a fetus during pregnancy. 
Examples of alloimmune diseases include blood transfusion reactions, fetal and 
neonatal alloimmune thrombocytopenia (FNAIT) and haemolytic disease of the fetus 
and new-born (HDFN). Thus, depending on the circumstances, antibodies can be 
either beneficial or detrimental to their host. In spite of decades of research into 
the function of antibodies and their interaction with the rest of the human immune 
system, there are many elements we do not yet understand. The influence of antibody 
subclass and even allotype is complex and subtle, but can have a profound difference 
on the consequences of an immune response. The interaction between antibodies 
and Fc receptors on effector cells and the factors that influence that interaction will 
remain a vital subject for researchers for years to come.

FcgR´s: The IgG antibody receptors

IgG is the principal antibody isotype in blood and extracellular fluid. It is produced 
after the primary IgM response has taken place, and typically has higher antigen 
affinity due to affinity maturation in germinal centres following the isotype switch from 
IgM. IgG a powerful activator of compliment and activates Fcg receptors expressed 
on many types of effector cells. As the name would suggest, Fcg receptors all bind 
the Fc tail of an IgG antibody. Conventional FcgRs, which are usually expressed 
on the surface membrane of different kinds of white blood cells, are divided into 
classes I-III, which are then split further into subtypes, each encoded by a different 
gene (Figure 3). 30 FcgRI has three subtypes; FcgRIa, FcgRIb and the soluble receptor 
FcgRIc. FcgRII has three as well, consisting of two activating receptors FcgRIIa and 
FcgRIIc (a pseudogene in approximately 91% of Europeans), and the only inhibiting 
Fcg receptor termed FcgRIIb. 31-33 FcgRIII has two subtypes, FcgRIIIa and FcgRIIIb, of 
which the latter is uniquely attached to the cell surface by a GPI-anchor, residing in 
lipid rafts which are rich in signalling molecules such as src-kinases. 34;35 In addition 
to this diversity, several genetic variants exist of the different Fcg receptor subtypes 
(single nucleotide polymorphisms, or SNPs) which exhibit different affinities for 
IgG, including the His and Arg131 variants of FcgRIIa and the Val158 and Phe158 
of FcgRIIIa.  36-38 Furthermore, FcgR gene copy number variation (CNV) between 
individuals can strongly influence the nature of the receptor-mediated response. 39;40 
The receptors’ structure consist of two (or in the case of FcgRIa, three) extracellular 
domains of the typical immunoglobulin fold. Intracellular signalling motives are either 
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expressed in the protein’s intracellular tail (as is the case of FcgRIIa, FcgRIIc, and 
FcgRIIb) or on an associated common FcR g-chain, supplying the activating receptors 
with an immunoreceptor tyrosine-based activation motif (ITAM) and the inhibiting 
FcgRIIb with an immunoreceptor tyrosine-based inhibition motif (ITIM). 41-43

FcgRIa is considered to be a high affinity receptor, while the other FcgR receptors 
are called low affinity receptors, due to their differential affinity to monomeric 
IgG. 44;45 The binding site of the receptors to IgG is located on the CH2 domain 
and lower hinge on the antibody Fc tail and each receptor interacts with both Fc 
chains simultaneously in an asymmetrical manner. 46 Fcg receptors are expressed 
by various different white blood cells types which act as effector cells during the 
immune response; in actuality, expression is mostly restricted to myeloid- NK- and 
B-cells. 30;47 The role of effector cells is to link the antigen specific response of the 
humoral immunity to the innate cell-based immune response. Ligand binding results 

Figure 3. structure of classical Fcg receptors I, II and III, depicting subtypes and snPs affecting 
binding to IgG.
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Fig 4. Make Gray-scale
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in different processes depending on the class of Fc receptor and type of cell involved, 
and even the nature and amplitude of the ligand signal (co-activation through other 
receptors, antibody valency etc.). 48;49 These processes include the secretion of 
signalling molecules, induction of antibody dependent cell-mediated cytotoxicity 
(ADCC) and phagocytosis and, in the case of inhibiting receptors, inhibition of 
activation. N-linked glycosylation at Asn297 on the Fc is present in all IgG subclasses 
and the sugar moieties found there are biantennary, usually core-fucosylated and 
partially truncated oligosaccharides which may or may not carry sialic acid, galactose 
and bisecting N-acetylglucosamine residues (Figure 4). 50;51 

The N-glycan, whose structure can differ between each of the two N-linked 
glycosylation sites present on each IgG, is crucial for Fcg receptor binding and variation 
of sugar moieties at that site can influence the affinity of the interaction, especially 
to the low affinity receptors FcgRII and III but also to FcgRI for smaller immune 
complexes. 49;52-56 Indeed, stepwise truncation of the N-linked sugar groups has been 
shown to result in increased conformational changes in both the oligosaccharide and 
the Fc chain, reducing stability and affecting the interface between the IgG-Fc and 
Fcg receptors. 57;58 In addition, lack of fucosylation on the Asn297 oligosaccharide 
has been shown to improve binding to FcgRIIIa and FcgRIIIb through glycan-glycan 
interactions, while the carbohydrate chain itself stabilizes the binding of FcgRIII to 
IgG. 46;59-61 Fc sialylation has been reported to confer anti-inflammatory capacity 
by reducing binding affinity to activating Fcg receptors and facilitating binding to 
DC-SIGN instead, which results in an up-regulation of FcgRIIb, however the exact 
mechanism have been disputed and even refuted by some. 54;62-65 The glycosylation 
profile of IgG can be influenced by various factors such sex, age, diseases and 
pregnancy. 66-69 Some autoimmune diseases have been associated with decreased 

Figure 4. n-linked glycosylation; carbohydrate structure and its position on the Asn-297 on the 
IgG Fc. Sugars which may or may not be present are underlined. Note that the two carbohydrates 
present on each IgG heavy chain are not necessarily identical. GlcNAc = N-Acetylglucosamine
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IgG galactosylation, while an increase is seen pregnancy for both sialylation and 
galactosylation, together with a decrease in bisecting N-acetylglucosamine. 66;70-72 
These changes in sialylation and galactosylation have been linked with pregnancy-
induced alleviation of rheumatoid arthritis (RA) and could therefore be considered 
anti-inflammatory. 54;71 ASN297 glycosylation profile on an antibody is therefore 
an important factor that needs to be considered when designing and producing 
monoclonal antibodies for therapeutic purposes. The different IgG subclasses have 
varying affinity to each Fcg receptor but generally IgG3 has the highest affinity while 
IgG2 has the lowest. Indeed, the only Fcg receptor that has any significant affinity for 
monomeric IgG2 is FcgRIIa, with the His131 variant (“Low Responder” variant) having 
much higher affinity than the one with Arg131 (“High Responder” variant) (table 2). 
The contradictory names actually indicate the affinity of these receptors to mouse 
IgG1, which is incidentally the same for human IgG4, but opposite of their affinity 
to human IgG2. Fcg receptor polymorphism has been shown to influence immune 
responses in many ways, such as severity of and predisposition towards infectious 
and autoimmune diseases as well as to affect response to monoclonal antibody 
cancer therapy. 36-38;40;73-75

TRIM21: The cytosolic IgG, IgM and IgA receptor

In 2007, James et al. described a novel cytosolic Fc receptor named tripartite 
motif-containing 21 (TRIM21) which has the highest affinity to IgG of all known IgG 
receptors. 76 It is not structurally related to FcRn or the other Fcg receptors, but is 
a close homologue of TRIM5a and interacts with IgG via its C-terminal PRYSPRY 
domain 76;77 The receptor has high affinity to IgG and lower to IgM, and seems 
to be less isotype and IgG subclass specific than the other Fc receptors. 78 Upon 
ligation with a IgG-, IgM- or IgA- opsonized non-enveloped viruses or cytosolic 
bacteria like salmonella, the receptor activates the cells NF-kB signalling pathway 
and mediates virus ubiquitination and subsequent degradation, of which both 
pathways are dependent on the receptor´s RING domain. 78;79 TRIM21 is expressed 
broadly in many cell types and binds IgG in the CH2/CH3 interface, overlapping 
extensively with the binding site of FcRn to IgG. 80 The receptor is expressed in all 
cells, including placenta, but the highest expression is on immune and endothelial 
cells. 79 Due to its cytoplasmic localization, it is unlikely that this receptor contributes 
to the detection, breakdown and processing of antibody opsonized pathogens in 
endosomes. 

FcRn: The non-classical FcgR 

Although first described in the 1970s, the discovery of this receptor was already 
predicted by Brambell et al. as early as 1958, which is why it is sometimes called the 
Brambell receptor. 81-83 A more commonly used name is the neonatal Fc receptor 
(i.e. FcRn), which refers to its original discovery in the gut of neonatal rodents where 
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it mediates the transport of maternal IgG from milk across the gut mucosa of the 
suckling neonate. It is also referred to as the non-classical Fcg receptor due to the 
fact that it is not a structural homologue of the classical FcgR discussed above. 83 
Rather, its structure is related to that of the histocompatibility complex class I (MHCI) 
molecule. It consists of an MHCI-like heavy chain non-covalently associated with a β2 
microglobulin (β2m) (Figure 5). 84;85 

While the receptor does have a peptide binding groove like MHCI, the groove 
is occluded and is apparently not loaded with antigens. The cytoplasmic tail 
conducts signalling via serine-phosphorylation sites, a tryptophan and dileucin 
based endocytosis signalling motif and a calmodulin binding site. 86-90 These motives 
are required for apical to basolateral transport (from lumen across the epithelia 
or endothelium), but apparently not for the reverse transport, as even the whole 
intracellular tail can be omitted without affecting basolateral to apical transport. 91 
The invariant chain (li chain), which is mainly known for stabilizing the MHCII in the 
ER, also interacts with FcRn, directing it into the endosomal/lysosomal compartment, 
especially under inflammatory and infection conditions and even in the absence of 
the FcRn cytoplasmic tail. 92 Unlike the classical Fcg receptors which are expressed 
on the cell surface, FcRn is located intracellularly, in the membranes of vesicular 
compartments such as early endosomes. While its expression was originally believed 
to be restricted to the gut of mouse neonates, it was later found out to be weakly 
expressed in the adult gut as well.93 In humans however, the receptor is expressed 
ubiquitously in almost all cell types throughout life. 94;95 Highest level of expression is 
found in the cells of the vascular endothelium, the epithelium of kidney, intestine and 
genital track, placental syncytiotrophoblasts and myeloid cells such as monocytes, 
immature dendritic cells, neutrophils and macrophages. 94-100 The ligand binding site 

Figure 5. structure of FcRn.
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Figure 6. FcRn mediated recycling and transport of IgG in a polarized cell. IgG3 loses in compe-
tition with IgG1 for FcRn binding in acidified endosome following unspecific uptake1. IgG3 and 
proteins which are not FcRn ligands are sorted out of the endosome by tubules2a and directed to 
a lysosomal pathway for degradation, while IgG1-bound FcRn is depleted from the endosome2b. 
IgG1 is eventually released at neutral extracellular pH at either the same or opposite side of the 
polarized cell layer, resulting in IgG recycling3b or transport3a, respectively. FcRn is only exposed 
to the surface for a brief period and is re-endocytosed4 for another cycle of IgG salvage5.

Figure 7. FcRn in antigen uptake and presentation (above) and cross presentation (below). Upper 
panel: Following FcgR mediated endocytosis1, multivalent IgG-antigen immune-complex (IC) may 
dissociate from FcgR in acidified endosomes but binds to FcRn instead more firmly2. Unbound 
FcRn is sorted away and re-used3a, while ligated FcRn directs the antigen into a lysosomal pathway 
for antigen maturation into small peptide epitopes3b which are consequently loaded onto MHCII4 
for surface antigen expression to CD4 T cells5. Lower panel: For cross presentation, endocyto-
sed antigen is probably transported into the cytotsol4 for digestion by cytosolic protesomes5. 
Epitopes are then transported via transporter associated with antigen processing (TAP) into an 
MHCII loading compartment6 before surface presentation to CD8 T cells7.
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Chapter 1

of FcRn is located between domains CH2 and CH3 on the Fc tail of the antibody, 
distant from the classical FcgR binding site. Accordingly, the glycan at position Asn297 
within the IgG-Fc that affects binding to FcgR has no effect on binding to FcRn. 59;84;101 
A 2:1 FcRn:IgG binding stoichiometry has been observed for human, rat and mouse 
FcRn. 102 FcRn has another ligand, namely serum albumin, but the binding site for 
albumin is located at such a distance from the Fc binding site that albumin ligation 
has no interference on the receptor’s affinity to IgG. 59;84;103;104 The affinity of IgG and 
albumin to FcRn is pH dependent, which is to say that it is in the nanomolar range at 
slightly acidic pH and negligible at physiological pH. 105-107 This means that FcRn is able 
to bind its ligands in acidified intracellular endosomes following endocytosis, traffic 
it back to the cell surface and then release it at a neutral extracellular (Figure 6). 108 
The reason for this pH dependency is the fact that key Histidine residues (H) 435 and 
310 in the Fc and at position 166 (binding site hotspot for albumin) in the FcRn itself 
are protonated at acidic pH, resulting binding to negatively charged residues in FcRn 
and albumin, respectively. 109-111 At neutral pH, the positive charge of these histidines 
is alleviated, hence binding to both IgG an albumin is lost. Accordingly, IgG3, which 
usually has the more bulky but always positively charged amino acid Arginine (R) at 
position 435, has slightly lower affinity to the receptor than the other H435 containing 
IgG subclasses (Figure 1). 7;110 As was previously mentioned, the first role discovered 
for FcRn was in neonatal mice, where it mediates the transport of IgG in mother´s 
milk across the neonate´s gut mucosal epithelial layer. 81;83 In humans (and rodents as 
well), FcRn accomplishes the same goal by actively transporting maternal serum IgG 
via placental syncytiotrophoblasts into the fetus’s blood stream during pregnancy 
(Figure 6). 112;113 In addition, FcRn expressed in hematopoietic cells and vascular 
endothelium regulates serum levels of IgG subclasses 1, 2 ,4 and H435-containing 
IgG3, but not the more conventional R435 IgG3, through recycling, thereby shielding 
it from breakdown and extending its half-life from one week to three (Figure 6). 114-117 
Interestingly, the lack of any apparent R435 IgG3 serum recycling might to be due to 
direct competition with H435 containing IgG1, rather than just the small difference 
of their affinity to FcRn, since IgG3 is as efficiently transported by FcRn in vitro as 
IgG1 but only when the two antibodies are kept seperate. 7 Uptake of unbound IgG is 
believed to take place by fluid phase pinocytosis, since FcRn is barely expressed on 
the cell surface and neutral extracellular pH is barely permissive for ligand binding. 
After endosome acidification, FcRn bound monovalent IgG is diverted by dynamic 
tubules into a recycling pathway which is separate from the lysosomal pathway and is 
eventually released again at the cell surface. 115 Indeed, it is possible that at this point 
in the sorting process, where FcRn is being depleted out of the sorting endosome, 
the small affinity and avidity differences between H435 IgG1 and R435 IgG3 become 
more important as available FcRn molecules become scarce, which could explain 
the lower IgG3 half-life in the presence of IgG1. 7 Unbound proteins destined for 
digestion are shuttled via tubular transfers from the late endosome to the lysosome 

20



IntroductIon

in a process that has been termed “kiss and linger”. 118;119 In addition, FcRn bound 
multivalent immune complexes (i.e. IgG complexed with its antigen) are also excluded 
from the recycling pathway and diverted into the lysosomal one for digestion and, in 
some cases, subsequent loading onto MHCI or II complexes for antigen presentation 
or cross-presentation (Figure 7). 120 FcRn transcytotic and recycling sorting steps are 
distinct from each other and regulated by different proteins. FcRn transports IgG from 
both apical and basolateral compartments to recycling endosomes, after which the 
actin motor myosin Vb and GTPase Rab25 have been found to regulate sorting and 
targeting the cargo for transcytosis, without affecting recycling. Rab11a also affects 
recycling from the recycling endosomes, but from the basolateral membrane only. 
None of these components affect FcRn-mediated trafficking away from lysosomes. 121 
FcRn in intestinal epithelial cells can furthermore transcytose IgG into the intestinal 
or lung lumen and then transport immune complexes back over the epithelium where 
they can be taken up by lamina-propria dendritic cells. 93;122 Recent discoveries have 
revealed additional roles that FcRn plays in the body, such as assisting traditional FcgRs 
in phagocytosis or influencing the fate of complexed antigen taken up by antigen 
presenting cells. 120;123-125 It has been shown that although FcgR is sufficient for surface 
attachment of opsonized bacteria, FcRn assists with the subsequent step of efficient 
internalization. Most likely, FcgR engagement on the surface initiates phagocytosis 
via ITAM signalling, which leads to the fusing of granules containing proton-pump 
components to the forming phagosomes, resulting in the kind of low-pH environment 
optimal for FcRn binding. 123 In some murine antigen presenting cells (APCs), such 
as immature dendritic cells, FcRn assists FcgRs with antigen uptake and consequent 
presentation to CD4 T cells. The same applies to cross-presentation to CD8 T 
cells, but only for a subset of DCs and at very low antigen concentrations. 125 FcRn 
accomplishes this by differentiating between bound monovalent IgG and multivalent 
antibody/antigen complexes in endosomes and directing the latter away from the 
recycling pathway and into a controlled breakdown pathway. 124 

Placental transport of IgG and albumin

One of the pivotal roles FcRn plays in the human body is the transport of IgG over 
the placenta, conferring passive immunization to the new-born until it is able to 
mount its own immune response (Figure 6). Only antibodies of the IgG isotype are 
transported over the placenta, although IgA is later provided to the breastfed new-
born via mother´s milk. Placental transport is an active process which can go against 
gradient, so that at term the child´s total concentration of IgG is usually surpasses that 
of the mother by 20-30%. 126 The placenta itself forms a physical barrier which stops 
passive diffusion of proteins larger than 500 Da. It consists of two distinct cell layers 
comprised of multinucleated syncytiotrophoblasts (STBs) and fetal capillary endothelial 
cells, as well as fibroblasts and Hofbauer cells (ie. placental macrophages) within the 
villous stroma. 127 Placental endothelium has been found to express FcgRIIb2 while STBs 
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express FcRn, and it is through these FcRn expressing syncytiotrophoblasts that IgG 
transcytosis is thought to take place. 100;128 Placental transport begins, to some extent, at 
around 13 weeks of gestation, but it only reaches full capacity in the last trimester with 
most of the transport taking place during the last 4 weeks. 126 All of the IgG subclasses 
are not transported equally; transport is most efficient for IgG1, followed closely by 
IgG4, then IgG3 and IgG2. Indeed, new-borns have similar levels of IgG2 and IgG3 
as the mother. It is worth noting that while IgG2 has the same (FcRn extended) 21 day 
half-life in serum as IgG1 and IgG4, IgG3 does not seem to be recycled by FcRn at all. 114

Whether or not albumin, the second ligand of FcRn, is actively transported over 
the placenta like IgG, has not been extensively studied – at least not recently - but 
early reports indicate that it may be significantly less than that of IgG. 103;129-131 This 
is striking, given that FcRn recycles albumin so that it has an estimated serum half-
life of 18-20 days, compared to one week of similarly sized proteins. 132;133 However, 
we still know too little about the biology of albumin and its recycling to be able 
judge these early papers as purification methods (including repeated crystallization), 
contaminations, aggregation, and labelling methods might skew the results. 131 While 
there seems to be a general consensus that albumin is transported to a lesser extent 
to the fetus than IgG during gestation, careful examination of the early papers most 
often referenced in this context reveal the data to be inconclusive, at best. 134 Indeed, 
in many of these studies, some slight albumin transport was actually detected in 
rhesus monkeys, mice and human women (albumin placental transport was already 
shown to be present in rabbits), although it seemed insignificant in comparison to 
the much more robust transport of IgG in the same system. 129;130;135;136 Furthermore, 
in many of the later human experiments supposedly disproving albumin transport, 
the serum albumin used was of bovine rather than human origin. 137-139 Bovine and 
human serum albumin (BSA and HSA, respectively) share 76% sequence identity 
and the difference between them could easily influence receptor affinity. 140 For 
example, mouse and human albumin share around 72% homology, but mouse FcRn 
actually displays a much weaker affinity to human than mouse albumin. 125 One paper 
examined the placental transport of labelled HSA in women at the end of their first 
trimester, while FcRn mediated transport only truly begins during second trimester 
and peaks during the third. 130;141 Indeed we found only papers from a single group 
which used HSA in women in the last month of pregnancy, and there they found 
some transported albumin in the child at birth (between 0.2 and 5% of maternal 
concentration), although the transport levels were much lower than for IgG and 
highly variable between subjects. 131 In conclusion, while the placental transport of 
albumin has so far not been disproven, it seems any rate inefficient and insignificant 
in comparison to the highly effective feto-maternal transport of IgG. The reason for 
this mysterious lack of transport has so far not been identified, but the apparent 
similarities between albumin and IgG2, which has a normal FcRn extended half-life 
while being inefficiently transported over the placenta, must be noted. 
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the sCoPe oF the thesIs

The purpose of the research presented in this thesis was to answer a few fundamental 
questions about the biology of IgG-Fc receptor interaction, in particular regarding 
the role of FcRn in feto-maternal antibody transport. The following research questions 
will be addressed in the individual chapters of the thesis.

Receptor-mediated feto-maternal transport of IgG 

Since FcRn is held accountable for both IgG serum half-life extension and transport 
over the placenta, it would stand to reason that both processes would reveal a similar 
IgG subclass preference; i.e. that the proportional subclass placental transport would 
be comparable to the subclass’ serum half-life. In reality the two do not completely 
correspond. While FcRn does not increase the half-life of R435-containing IgG3, the 
subclass is surprisingly well transported over to the fetus (albeit worse than IgG1 and 
IgG4) and reaches similar levels to the mother at term. 142 In contrast, IgG2, which 
has a normal half-life of three weeks, is comparatively poorly transported; indeed to 
a similar level as IgG3. These discrepancies have led scientists to suggest that other 
Fc receptors might contribute to placental transport, skewing it to have a different 
outcome than FcRn mediated serum recycling. The favourite candidate so far has 
been FcgRIIb, but the fact that that receptor was found to be irrelevant for placental 
transport in mice makes it less likely to be important for that same mechanism in 
humans. 128;143-145 In chapter 2 we have made use of the fact that the Asn297-glycan of 
IgG only influences binding affinity to FcgR but not FcRn, as the binding site of FcRn is 
on the outside of the IgG-Fc where it cannot be affected by the Fc-glycans. 54;102 We 
compared the glycosylation patterns on antibodies in the blood of mothers and their 
new-born children in order to investigate whether classical (glycosylation dependent) 
Fcg receptors might be involved in antibody feto-maternal transport. In chapter 3 we 
investigated the placental transport of IgG3, whose half-life is normally not extended 
by FcRn due to the presence of R at position 435. IgG3 is thus outcompeted by the 
other, H435 containing, IgG subclasses for FcRn binding. We compared this transport 
to an H435 containing IgG3 allotype, the half-life of which is extended to three weeks 
by FcRn, just like the other subclasses. 7 Since H435 has no effect on other FcgR 
affinity, the comparison could verify whether FcRn is truly involved in this process.

IgG2 and discrepancies in biological distribution and function

As was previously pointed out, IgG2 paradoxically has normal FcRn extended half-
life while displaying poor FcRn mediated placental transport. In recent years some 
clues have surfaced that would suggest a functional difference between the two light 
chains of IgG2 subclass. Montano and Morrison observed a difference in half-life 
between the two, with IgG2k displaying a slightly enhanced half-life compared to 
IgG2l. 146 Furthermore, Gurbaxani described that the light chain affected FcRn affinity 
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of IgG2, with IgG2l demonstrating increased binding to FcRn at pH 6. 147 Although it 
might seem contradictory that IgG2k seems to have a longer half-life while exhibiting 
lower affinity to FcRn, it must be kept in mind that other findings show that half-life 
extension does not always go hand in hand with FcRn affinity. 147 It would therefore 
be logical to assume that FcRn mediated pathways would also be influenced by IgG2 
light chain. The recent discovery of structural isoforms practically unique to IgG2k 
suggests a mechanism by which these differences could be explained on a molecular 
level. In chapter 4, we investigated this by measuring half-life and placental transport 
of human IgG1 and 2 k and l antibodies (as well as structural IgG2k isoforms in mice 
and humans, respectively). In chapter 5 we furthermore studied the effect of IgG2 
light chain on antibody mediated phagocytosis by neutrophils. 

Is there a role for FcRn in adaptive immunity? 

FcRn has been shown to direct the routing of opsonized protein antigen taken up 
by antigen presenting cells, but most of the research has been done in transgenic 
OT mice whose T cells can only recognize one protein antigen: OVA. 124;125;148;148 The 
evidence for a similar mechanism in humans has been scant, with only one example 
published in a human model. 124 Reports also suggest that FcRn on mucosal surfaces 
mediates transport of complexed antigens across the mucosal endothelia, facilitating 
the uptake of these antigens by APCs such as DCs and consequently enhancing 
the antigen-specific immune responses. 149;150 While the immune response of a 
TCR restricted mouse against its assigned protein antigen is limited to pathways 
mediated through T cells, during a real-live virus infection other factors of the innate 
immune system are involved, such as pattern recognition by Toll like receptors (TLRs). 
Activation of TLRs causes pro-inflammatory cytokine secretion which in turn activates 
cells of the innate immune system, as well as further stimulating the adaptive immune 
system. 151 Viruses are furthermore capable of inhibiting the immune response against 
them in various ways by a process known as immune evasion. 94;95;95 A virus challenge 
engages the immune system in a much more cohesive way than a simple protein 
antigen in a TCR restricted mouse, and in chapter 6 we investigate whether the effect 
of FcRn in antigen uptake and presentation is also present in a virus model in a non-
antigen restricted mouse strain.
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