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Have you seen?

Protection by natural IgG: a sweet partnership
with soluble lectins does the trick!
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Some B cells of the adaptive immune system secrete
polyreactive immunoglobulin G (IgG) in the absence of
immunization or infection. Owing to its limited affinity
and specificity, this natural IgG is thought to play a modest
protective role. In this issue, a report reveals that natural
IgG binds to microbes following their opsonization by
ficolin and mannan-binding lectin (MBL), two carbohy-
drate receptors of the innate immune system. The interac-
tion of natural IgG with ficolins and MBL protects against
pathogenic bacteria via a complement-independent
mechanism that involves IgG receptor FcyRI expressing
macrophages. Thus, natural IgG enhances immunity by
adopting a defensive strategy that crossovers the conven-
tional boundaries between innate and adaptive microbial
recognition systems.

The adaptive immune system generates protective somati-
cally recombined antibodies through a T cell-dependent (TD)
pathway that involves follicular B cells. After recognizing
antigen through the B-cell receptor (BCR), follicular B cells
establish a cognate interaction with CD4 " T follicular helper
(Tpy) cells and thereafter either rapidly differentiate into
short-lived IgM-secreting plasmablasts or enter the germinal
centre (GC) of lymphoid follicles to complete class switch
recombination (CSR) and somatic hypermutation (SHM)
(Victora and Nussenzweig, 2012). CSR from IgM to IgG, IgA
and IgE generates antibodies with novel effector functions,
whereas SHM provides the structural correlate for the
induction of affinity maturation (Victora and Nussenzweig,
2012). Eventually, this canonical TD pathway generates long-
lived bone marrow plasma cells and circulating memory B
cells that produce protective class-switched antibodies
capable to recognize specific antigens with high affinity
(Victora and Nussenzweig, 2012).

In addition to post-immune monoreactive antibodies, B
cells produce pre-immune polyreactive antibodies in the
absence of conventional antigenic stimulation (Ehrenstein
and Notley, 2010). These natural antibodies form a vast and
stable repertoire that recognizes both non-protein and protein
antigens with low affinity (Ehrenstein and Notley, 2010).
Natural antibodies usually emerge from a T cell-
independent (TI) pathway that involves innate-like B-1 and
marginal zone (MZ) B cells. These are extrafollicular B-cell
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subsets that rapidly differentiate into short-lived antibody-
secreting plasmablasts after detecting highly conserved
microbial and autologus antigens through polyreactive
BCRs and nonspecific germline-encoded pattern recognition
receptors (Pone et al, 2012; Cerutti et al, 2013).
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Figure 1 Ficolins and MBL are produced by hepatocytes and
various cells of the innate immune system and opsonize bacteria
after recognizing conserved carbohydrates. Low pH and calcium
concentrations present under infection-inflammation conditions
promote the interaction of ficolin or MBL with natural IgG on the
surface of bacteria. The resulting immunocomplex is efficiently
phagocytosed by macrophages through FcyR1 independently of
the complement protein C3, leading to the clearance of bacteria.
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The most studied natural antibody is IgM, a pentameric
complement-activating molecule with high avidity but low
affinity for antigen (Ehrenstein and Notley, 2010). In addition
to promoting the initial clearance of intruding microbes,
natural IgM regulates tissue homeostasis, immunological
tolerance and tumour surveillance (Ochsenbein et al, 1999;
Zhou et al, 2007; Ehrenstein and Notley, 2010). Besides
secreting IgM, B-1 and MZ B cells produce IgG and IgA
after receiving CSR-inducing signals from dendritic cells
(DCs), macrophages and neutrophils of the innate immune
system (Cohen and Norins, 1966; Cerutti et al, 2013). In
humans, certain natural IgG and IgA are moderately
mutated and show some specificity, which may reflect the
ability of human MZ B cells to undergo SHM (Cerutti et al,
2013). Yet, natural IgG and IgA are generally perceived as
functionally quiescent.

In this issue, Panda et al show that natural IgG bound to a
broad spectrum of bacteria with high affinity by cooperating
with ficolin and MBL (Panda et al, 2013), two ancestral
soluble lectins of the innate immune system (Holmskov
et al, 2003). This binding involved some degree of
specificity, because it required the presence of ficolin or
MBL on the microbial surface as well as lower pH and
decreased calcium concentration in the extracellular
environment as a result of infection or inflammation (see
Figure 1).

Ficolins and MBL are soluble pattern recognition receptors
that opsonize microbes after binding to glycoconjugates
through distinct carbohydrate recognition domain (CRD)
structures (Holmskov et al, 2003). While ficolins use a
fibrinogen domain, MBL and other members of the collectin
family use a C-type lectin domain attached to a collagen-like
region (Holmskov et al, 2003). Similar to pentraxins, ficolins
and MBL are released by innate effector cells and
hepatocytes, and thus may have served as ancestral
antibody-like molecules prior to the inception of the
adaptive immune system (Holmskov et al, 2003; Bottazzi
et al, 2010). Of note, MBL and the MBL-like complement
protein Clq are recruited by natural IgM to mediate
complement-dependent clearance of autologous apoptotic
cells and microbes (Holmskov et al, 2003; Ehrenstein and
Notley, 2010). Panda et al found that a similar lectin-
dependent co-optation strategy enhances the protective
properties of natural IgG (Panda et al, 2013).

By using bacteria and the bacterial glycan N-acetylglicosa-
mine, Panda et al show that natural IgG isolated from human
serum or T cell-deficient mice interacted with the fibrinogen
domain of microbe-associated ficolins (Panda et al, 2013).
The resulting immunocomplex was phagocytosed by
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macrophages via the IgG receptor FcyRI in a complement-
independent manner (Panda et al, 2013). The additional
involvement of MBL was demonstrated by experiments
showing that natural IgG retained some bacteria-binding
activity in the absence of ficolins (Panda et al, 2013).

Surface plasmon resonance provided some clues regarding
the molecular requirements of the ficolin-IgG interaction
(Panda et al, 2013), but the conformational changes
required by ficolin to interact with natural IgG remain to be
addressed. In particular, it is unclear what segment of the
effector Fc domain of natural IgG binds to ficolins and
whether Fc-associated glycans are involved in this binding.
Specific glycans have been recently shown to mitigate
the inflammatory properties of IgG emerging from TI
responses (Hess et al, 2013) and this process could
implicate ficolins and MBL. Moreover, it would be
important to elucidate whether and how the antigen-
binding Fab portion of natural IgG regulates its interaction
with ficolins and MBL.

The in vivo protective role of natural IgG was elegantly
demonstrated by showing that reconstitution of IgG-deficient
mice lacking the CSR-enzyme activation-induced cytidine
deaminase with natural IgG from T cell-insufficient animals
enhanced resistance to pathogenic Pseudomonas aeruginosa
(Panda et al, 2013). This protective effect was associated with
reduced production of proinflammatory cytokines, occurred
independently of the complement protein C3 and was
impaired by peptides capable to inhibit the binding of
natural IgG to ficolin (Panda et al, 2013). Additional in vivo
studies will be needed to determine whether natural IgG
exerts protective activity in mice lacking ficolin, MBL or
FcyRI, and to ascertain whether these molecules also
enhance the protective properties of canonical or natural
IgG and IgA released by bone marrow plasma cells and
mucosal plasma cells, respectively.

In conclusion, the findings by Panda et al show that natural
IgG adopts ‘crossover’ defensive strategies that blur the
conventional boundaries between the innate and adaptive
immune systems. The sophisticated integration of somati-
cally recombined and germline-encoded antigen recognition
systems described in this new study shall stimulate immu-
nologists to further explore the often underestimated protec-
tive virtues of our vast natural antibody repertoire. This effort
may lead to the development of novel therapies against
infections.
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