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Function of immunoglobulin A in immunity
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Abstract

Despite the well-recognized involvement of immu-
noglobulin (Ig) A in mucosal immunity, the function of its
receptor, FcaRI (CD89), is poorly understood. The abil-
ity of FcaRI to activate leukocytes seems to conflict with
the proposed anti-inflammatory activity of secretory IgA.
We show here that in a transgenic mouse model, inflam-
matory mediators induced expression of FcaRI on
Kupffer cells, which enabled efficient phagocytosis in vivo
of bacteria coated with serum IgA. Secretory IgA did not
initiate phagocytosis. Therefore, interactions between
serum IgA and FcoaRI on Kupffer cells may provide a
‘second line of defense’ in mucosal immunity, by
eliminating invasive bacteria entering through the portal
circulation and thus preventing disease.

Comment

Immunoglobulin A (IgA) is by far the most abundant
immunoglobulin in humans.' It is also the most heteroge-
neous. Serum IgA is mainly monomeric. It is produced by
B lymphocytes in the bone marrow and in some lymphoid
organs. Humans produce as much serum IgA as they do
IgG. Most of the IgA in mammals is, however, found in
mucosal secretions. Secretory IgA is dimeric or polymeric
IgA associated with J chain and with secretory component,
a part of the receptor involved in the secretion process.

Recent research® has suggested that secretory IgA in the
gut comes from two sources. Approximately 75% is from
B2 lymphocytes in organised germinal centres of mucosal
lymphoid tissues such as Peyer’s patches. This IgA produc-
tion is T lymphocyte dependent. A second source, possibly
contributing around 25% of the secretory IgA, is produced
by B1 lymphocytes that develop in the peritoneal cavity
and are distributed diffusely in the intestinal lamina
propria. This IgA may represent a primitive T lymphocyte
independent source of IgA recognising commensal bacte-
ria. Given the abundance and complexity of IgA, it is diffi-
cult to envisage that it does not perform important
functions in health and disease.

Identification and characterisation of a leucocyte Fc
receptor for IgA (FcaR, CD89) present on neutrophils,
eosinophils, and monocytes demonstrated an active role for
IgA in immunity. Many studies have now shown that FcaR,
on binding to aggregated IgA, triggers cellular functions
such as degranulation and respiratory burst as efficiently,
or more efficiently, than IgG. This is not surprising as the
receptor is structurally related to the receptors for IgG
(FcyRI, FcyRII, and FcyRIII) and to the high affinity
receptor for IgE, FceRI. Indeed, intracellular signalling via
FcoR is transduced via the same intracellular peptide, the
v chain, which is used by IgG and IgE receptors. The
properties of FcoR have been reviewed.’ *

Powerful incites into the functions of IgA, dependent on
its interaction with FcoR, are being obtained by the use of
transgenic mice expressing human FcaR.’ In a series of
papers, van Egmond ez a/ have shown convincingly that
FcoR can direct the killing of microorganisms and tumour
cells coated with IgA.° Interestingly, in spite of much effort,
no murine equivalent of this FcoR has yet been identified.
Indeed, it might not exist. Rodent serum contains very lit-
tle IgA. This IgA is dimeric (but lacks a secretory compo-
nent). There is no murine equivalent of the 1-5 mg/ml
monomeric IgA found in human serum. Mouse IgA does
not bind to human FcaR.

In this publication, the Dutch group show that in the
transgenic mouse model, human FcoR is expressed not
only on circulating leucocytes but also on liver Kupffer
cells. The liver has been known for many years to play a key
role in IgA metabolism although it is not yet clear what its
function might be. Unfortunately, many early studies came
to the wrong conclusions because of differences in the
binding of human and rat IgA to the asialoglycoprotein
receptor and differences in the hepatic expression of the
polymeric Ig receptor in humans and rodents. It has been
recognised for many years that patients with severe liver
damage have a marked increase in serum IgA concentra-
tion, including polymeric and secretory IgA.” Indeed, the
experiments which led to the first identification of FcaR
were the result of studies of an opsonic activity (IgA anti-
yeast mannan antibodies) found in the serum of three
Scottish men with alcoholic liver disease!

van Egmond er al demonstrate, immmunohistochemi-
cally, the expression of FcaR on Kupffer cells in the liver of
the mouse transgene and in human liver. Expression in the
transgene was increased by the action of granulocyte
colony stimulating factor. In transgenic mice, Kupffer cells
expressing FcoR were shown to mediate phagocytosis in
vivo of Escherichia coli coated with serum IgA or secretory
human IgA before injection. Secretory IgA was less
efficient as an opsonin. In vitro, neutrophils from humans
or transgenic mice phagocytosed bacteria opsonised with
human serum IgA but not with human secretory IgA.

The different abilities of serum and secretory IgA to trig-
ger phagocytosis is remarkable. We and others, including the
Dutch group, have shown that secretory IgA binds to FcaR
and can trigger leucocyte respiratory burst. It has been
shown that purified secretory IgA binds to purified FcaR
with the same affinity as serum IgA. Only one of the IgA
molecules in the dimeric secretory IgA appears to be
available®; the other is presumably shielded by the secretory
component. Recent studies, so far limited to serum IgA,
suggest considerable rigidity in the IgA molecule which may
limit the density of deposition of IgA on an organism thereby
controlling its opsonic potential.’ It is clear that further
investigation is necessary before the conflicting studies on
the effector functions of secretory IgA can be resolved.

But what of the functions of FcaR on Kupfter cells? van
Egmond er al suggest that in pathological conditions of the
gut, characterised by a defective mucosal barrier and
production of inflammatory mediators, expression of FcaR
is induced in Kupffer cells. These phagocytes may remove
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IgA opsonised bacteria from portal blood before full
septicaemia can ensue. This is clearly one important
scenario. The significance of increases in serum IgA associ-
ated with liver damage in inflammatory bowel disease is
another, as is the association of liver disease with IgA neph-
ropathy. Launay et al have recently shown that in their FcaR
transgenic mice, IgA nephropathy develops spontaneously.'’
This is clearly a time of renewed interest in the role of IgA in
the gut.

Characterisation of FcuR has challenged the paradigm of
IgA as a non-inflammatory or even anti-inflammatory
immunoglobulin. The existence of transgenic mice and
knockouts for Fc receptors and very recent crystallographic
evidence defining, in detail, the interaction of IgG with
FcyRII and IgE with FceRI suggests that there will be
renewed interest, in general, in the role in immunoglobulins
in immunity and inflammation.

M A KERR
Department of Molecular and Cellular Pathology,
University of Dundee, Ninewells Hospital and Medical School,
Dundee DD1 9SY, UK
m.a.kerr@dundee.ac.uk

—

S}

)

IS

w

(=)

N}

o)

O

Kerr

Kerr MA. The structure and function of human IgA. Biochem ¥
1990;271:285-96.

MacPherson AJ, Gatto D, Sainsbury E, ez al. A primitive T cell-independent
mechanism of intestinal mucosal IgA responses to commensal bacteria.
Science 2000;288:2222-6.

Kerr MA, Woof JM. Fca Receptors. In: Ogra P, Mestecky J, Lamm M, eds.
Mucosal immunology, 2nd edn. San Diego: Academic Press, 1998:
213-22.

Morton HC, van Egmond M, van de Winkel JGJ. Structure and function of
human IgA receptors (FcaR). Crit Rev Immunol 1996;16:423-40.

van Egmond M, van Vuuren AJ, Morton HC, er a. Human immunoglobu-
lin A receptor (FcaR,CD89) function in transgenic mice requires both FcR
v chain and CR3 (CD11b/CD18). Blood 1999;93:4387-94.

van Egmond M, van Vuuren AJ, van de Winkel JGJ. The human Fc receptor
for IgA (FcaR, CD89) on transgenic peritoneal macrophages triggers
phagocytosis and tumor cell lysis. Immunol Letr 1999;68:83—7.

Brown WR, Bilir BM. Liver and biliary tract. In: Ogra P, Mestecky J, Lamm
M, et al, eds. Mucosal immunology, 2nd edn. San Diego: Academic Press,
1998:1153-66.

Mazengera RL, Kerr MA. The specificity of the IgA receptor purified from
human neutrophils. Biochem ¥ 1990;272:159-65.

Boehm MK, Woof JM, Kerr MA, et al. The Fab and Fc fragments of IgAl
exhibit a different arrangement from that in IgG: A study by X-ray and
neutron solution scattering and homology modelling. ¥ Mol Biol 1999;286:
1421-47.

Launay P, Grossetete B, Arcos-Fajardo M, ez al. Fca receptor (CD89)
mediates the development of immunoglobulin A (IgA) nephropathy (Berg-
ers disease). Evidence for pathogenic soluble receptor-IgA complexes in
patients and CD89 transgenic mice. ¥ Exp Med 2000;191:1999-2010.

www. gutinl. com


http://gut.bmj.com

