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Table S1. Fc-fusion approaches in vaccines 
 
Target Type of Fc-

fusion 
Type of vaccine 

(route admin) 
Immunogenicity/

Tolerogenicity 
Neutralization 

in vitro 
Neutralization 

in vivo 
Mechanism 

of action 
Ref 

Clostridium 
botulinum 

BoNT-hIgG1 
Fc x2 

Protein +mlipidA 
+ squalene 
(s.c.) 

Immunogenic in 
mice, Fc-fusion 
superior to non-
targeted BoNT 

Yes n.d. FcγR 
dependent 

1 

HIV p24-mIgG1 
and IgG2a  
 
 
 
p24-mIgG2a 
 
 
 
gp41-hIgG1  
 
 
 
gp120-hIgG1  
 
 
 
 
 
g24-hIgA1  

Protein or DNA 
(i.p./i.m.) 
 
 
 
Protein + CpG 
(i.n.) 
 
 
Protein + FCA 
(s.c.) 
 
 
Protein 
(no adjuvant) 
 
 
 
 
Protein + alum 
(s.c.) 

Immunogenic in 
mice, mouse 
IgG2a superior to 
mouse IgG1 
 
Immunogenic in 
mice 
 
 
Immunogenic in 
rabbits 
 
 
Immunogenic in 
mice 
(no benefit to 
oligomerization 
Fc) 
 
Poorly 
immunogenic 

Yes 
 
 
 
 
Yes 
 
 
 
Yes, in human 
PBMC assay 
 
 
n.d. 
 
 
 
 
 
n.d. 

n.d. 
 
 
 
 
Yes, on vaginal 
challenge 
 
 
n.d. 
 
 
 
n.d. 
 
 
 
 
 
n.d. 

FcγR 
dependent 
ADCC & CDC 
independent 
 
FcRn 
dependent 
 
 
n.d. 
 
 
 
Fc-dependent 
 
 
 
 
 
n.d. 

2 
 
 
 
3 
 
 
4 
 
 
5 
 
 
 
 
6 
 

Influenza Hemagglutinin
-mIgG2a  
 
Hemagglutinin
-hIgG1  

Protein 
(i.p.) 
 
Protein 
(s.c.) 

Immunogenic in 
mice 
 
Immunogenic in 
mice 

Yes 
 
 
Yes 

n.d. 
 
 
n.d. 

n.d. 
 
 
n.d. 

2 
 
7 
 

Ebola Filovirus 
glycoprotein-
hIgG1  

Protein 
(i.p. + FCA) 

Immunogenic, Ab 
titers 1:64,000 

Yes, in plaque 
reduction assay 

7/8 mice 
protected 

Fc-dependent 8 

Hepatitis HBsAg-
mIgG2a  
 

Lentiviral 
footpad or DNA 
(i.m.) 

Immunogenic Yes, FcγR 
induction of 
CD4+/CD8+ T 
cell responses 

Seroconversion 
in HBsAg low Tg 
mice 

n.d. 9, 10 

HSV-2 gD-modified 
mIgG2a  
 

Protein + CpG 
(i.n.) 

Immunogenic, 
high mIgG2a 
responses when 
co-administered 
with CpG 

Yes 80% survival on 
vaginal 
challenge  
Long-lived 
memory cells 
generated 

FcRn 
dependent 

11 

Avian influenza Hemagglutin 
HA1-hIgG1  

Protein +SAS 
(s.c.) 

Immunogenic, 
clade 
transcendent IgG 
generated 

Yes Yes, reduced 
viral replication 
and lung 
damage 

90-100% 
survival 

12 

Pseudorabies 
virus 

Mouse 
transferrin 
receptor-
mgG1 

Inactivated virus Immunogenic, 
high mIgG2a 
elicited 

Yes Yes n.d. 13 

Malaria PfMSP119-
mIgG2a or 
hIgG1 
 
 
 
CTLA4-hIgG1-
Fc-PyMSP4/5 

Protein ± alum 
(i.p.) 
 
 
 
 
Adenovirus 
(i.m.) 

Immunogenic as 
monomer, high 
IgG1 responses 
(no benefit to 
oligomerization) 
 
Tolerogenic at 
high dose 

n.d. 
 
 
 
 
 
n.d. 

No, to i.p. 
challenge with 
infected 
erythrocytes 
 
 
n.d. 

n.d. 
 
 
 
 
 
n.d.  

14 
 
 
 
 
15 

Schistosomiasis CE-mIgG2a  Protein 
(i.p.) 

Poorly 
immunogenic 
compared to CE-
HIS in Alum and 
complete ablation 
of IgE responses 

n.d. No, to cercarial 
challenge 

n.d. 14 

Cancer Cytokine-
mIgG1  

DNA-injection Yes, improved T 
cell responses 

Yes n.d. n.d. 16 



compared with 
non-Fc fusions 

Cancer 
(neuroblastoma) 

Mimotope-
mIgG2a  

Protein Yes, with DC’s 
pulsed with 47-
LDA-mouse IgG2a 

Yes Yes n.d. 17 

Cancer 
B cell 
lymphoma 
 

NKG2D-Fc Protein Safe Yes 
 

Yes Complement 18 

Arthritis Class II MHC-
mIgG3 

Protein Induction of Ag-
specific 
hyporesponsivene
ss 

n.d. Yes Inhibits 
autoreactive T 
cells by cross-
linking TCR 

19 

Encephalomyelit
is 

Myelin basic 
protein-mIgG1 

Protein Yes, increased T 
cell proliferative 
responses 

n.d. n.d. FcRn 
dependent 

20 

Allergy Fcγ-Fcε 
Feld1-hIgG1-
Fc 
Fc-DARPin-
hIgG1  

Protein 
 
 
 

Inhibitory 
 
 
 

Yes Inhibits mast cell 
and basophil 
function 

Fc-dependent 21-23 

n.d., not determined; mIgG, mouse IgG; hIgG, human IgG; s.c., sub-cutaneous; i.n., intranasal; i.p, intraperitoneal; i.v., intravenous; FCA, 
Freund’s complete adjuvant; PfMSP1-19, Plasmodium falciparum merozoite surface protein 1-19; HSV, Herpes Simplex Virus; BoNT, 
Botulinum neurotoxin; CTLA4, cytotoxic T lymphocyte antigen; NKG2D, Natural Killer cell receptor G2D. 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 Table S2. Summary of modifications 
 

 
IgG2, IgG4 

Lower affinity for FcγRs and complement receptors 
advantageous to therapeutic applications requiring low effector 
activation. 

 
IgG3 

Activates complement and FcγR-mediated functions more 
efficiently than other IgG subclasses, although also more 
susceptible to proteolysis and exhibits a shorter half-life. 
However, a recent study identified an allotype that exhibits a 
considerably longer half-life (Stapleton et al, 2011).  

 
 
 
 
 

Change heavy chain 

 
IgA, IgE, 

IgM 
 

Possibly useful for vaccination strategies. IgA-ICs have been 
shown to lead to protection from mucosal pathogens (Bakema & 
van Egmond, 2011b). Studies with IgE mAbs suggest utility in 
cell-based tumor vaccines (Karagiannis et al, 2011). Naturally 
polymeric IgM may mimic the “depot-effect” of adjuvants 
(Czajkowsky et al, 2010), is involved in Ab subclass switching 
(Kavery et al, 2012), and has been shown to be an excellent 
adjuvant in vaccines (Harte et al, 1983).    

 
Mutate 

 

Location of binding sites of FcγRIIIA (and probably other FcRs) 
and C1q. Mutations that enhanced affinity to FcγRIIIA improved 
ADCC activity (Shinkawa et al, 2003; Stavenhagen et al, 2008).  

 
 

Modify lower hinge-Cγ2 domain 
  

Lengthen 
 

IgG3 has an extended hinge region. Other molecular extensions, 
such as SEEDbodies (Muda et al, 2011), are also possible. 

 
 

Mutate CH2/CH3 junction 

 
FcRn 

(Trim21) 

Mutations that improved FcRn interaction also increased in vivo 
half-life and therapeutic efficacy (Zalevsky et al, 2010). Trim21 
also binds within the same region and so mutations in this region 
will also likely influence antibody-dependent intracellular 
neutralization by Trim21 (McEwan et al, 2011). 

FcR De-fucosylation increases affinity for FcγRIIIA (Shinkawa et al, 
2003; Stavenhagen et al, 2008).  

 
 

Modulate glycosylation 
 

 
IVIG 

Efficacy results from interaction with inhibitory sialic acid 
receptors, including DC-SIGN and Siglec-2 (Anthony et al, 2011; 
Seité et al, 2010). Enhanced sialic acid content lowers dosage 
requirement (Mekhaiel et al, 2011a ). 

 
Therapy 

 

Differences in the affinity or stoichiometry of the fused partner 
for transmembrane TNF-α believed responsible for differences in 
clinical response between etanercept and infliximab (Van den 
Brande et al, 2003).  

 
 

Optimize fusion partner 
 
  

Vaccine 
 

With monomeric fusions, use of an Ag that recognizes receptors 
on APCs would enable cross-linking with FcγRs, which is 
required for a well-balanced immune response. The fusion 
partner can also affect binding to FcγRs (Mekhaiel et al, 2011b). 

Increase valency Expected to be generally useful strategy to increase potency of therapy and 
enable binding to receptors that only bind polymeric ICs, for example FcRL4 & 
FcRL5. Successful strategies include biosynthetic hexameric complexes 
(Mekhaiel et al, 2011b) and IgM-based complexes (Ammann et al, 2012). 

 

 


