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‘Know thyself’

From the Temple of Apollo at Delphi.

Anti-cytokine autoantibodies are increasing their visibility as important mechanisms of

disease pathogenesis. Pulmonary alveolar proteinosis (PAP) can be caused by anti- GM-CSF

autoantibodies,1 pure red-cell apla- sia can be caused by anti-erythropoietin

autoantibodies,2,3 disseminated non-tuber- culous mycobacterial infections can be caused by

anti-interferon (IFN)-gamma autoantibodies4–7 and staphylococcal infections have been

associated with anti-IL-6 autoantibodies.8 Autoimmune polyendocrinopathy with

candidiasis and ectodermal dystrophy (APECED) syndrome is caused by mutations in the

autoimmune regulator (AIRE),9 leading to loss of thymic deletion of autoreactive T cells

with multiple autoimmune consequences such as hypoparathyroidism, diabetes, and adrenal

failure.10 Interestingly, anti-cytokine autoantibodies are extremely common in APECED,

mostly directed against type I IFNs.11 However, one of the puzzling components of

APECED is severe chronic mucocutaneous candidiasis (CMC). APECED patients are not

susceptible to other overt infections, and even CMC remains blocked in the mucosa. In the

February 15, 2010 issue of the Journal of Experimental Medicine, Puel et al.12 and Kisand

et al.13 have offered elegant explanations of why CMC occurs in APECED: high-titer,

neutralizing autoantibodies to the T-cell cytokines that regulate mucosal antibacterial and

anti-fungal activity, IL-17 and IL-22. These cytokines were good targets for involvement in

CMC: STAT3-deficient hyper IgE (Job’s) syndrome,14,15 dectin-1 deficiency,16 CARD9

deficiency,17 and to a lesser extent, IL-12 receptor b1 deficiency,14 all have CMC and

varying degrees of Th17 impairment, linking this pathway to mucosal candidiasis.

Puel et al. examined 33 APECED patients and identified antibodies to IL-17A, IL-17F, and

IL-22 in all the 33 APECED patients tested, 29 of whom also had CMC; healthy controls

had neither those autoantibodies nor CMC.12 They confirmed the function of the anti-

IL-17A antibody by inhibiting IL-6 production from IL-17 responsive fibroblasts.18

Kisand et al. examined 162 APECED patients and found anti-IL-17 A, IL-17F, and IL-22

autoantibodies in up to 90% of cases, strongly associated with CMC.13 Titers of
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autoantibodies to IL-17 and IL-22 actually declined with age in APECED, whereas titers of

autoantibodies against type 1 IFNs, did not. Exploring specificity, Kisand et al. noted that

homozygous cases of the common AIRE mutation R257X were always associated with anti-

IL-17 and anti-IL-2 autoantibodies and CMC, whereas other mutations were more variable.

They did not find autoantibodies to IL-17 or IL-22 in cases of CMC without other features

of APECED or AIRE mutation, but they did find these autoantibodies in two out of 35

patients with thymoma and CMC.13 Therefore, CMC with immune dysregulation is often

associated with anti-cytokine autoantibodies. Kisand et al. and Puel et al. found only IgG

autoantibodies in this syndrome limited to the mucosa, but not in secreted IgA.

What are we to make of these exciting observations? Although anti-cytokine autoantibodies

leading to immunodeficiency have been described earlier, they have been in the setting of

rare infections and are still unassociated with specific mutations. Autoantibodies provide

novel facets to PAP, non-tuberculous mycobacteria, and staphylococcal infections, but we

are still woefully ignorant about why the antibodies happen or what really to do about them.

In contrast, Kisand et al. and Puel et al. describe pathogenic autoantibodies in the context of

a disease with recognized mutations that was recognized earlier. Kisand et al. even point out

the genotype–phenotype associations with a specific mutation in AIRE. This is a first pass at

identifying fundamental mechanisms around the generation of autoantibodies in general, and

specific ones in particular.

Now that it is clear that certain anti-cytokine autoantibodies result in opportunistic

infections, we need to address the mechanisms of pathogenicity of these autoantibodies.

Functional demonstration of neutralization of cognate cytokines by certain autoantibodies is

complemented by the knowledge of genetic defects in the cytokine pathways leading to

similar infections. For instance, defects in the IFNg/IL-12 signalling pathways (IFNGR1,

IFNGR2, STAT1, IL-12B [p40], IL-12RB1, IKBKG/NEMO) lead to disseminated

mycobacterial infection.19 Mutations in the STAT3/IL-6 signalling pathways (STAT3,

TYK2)6,20 lead to severe staphylococcal skin infections. In contrast, the genetically defined

pathways leading to CMC, other than those seen with profound T-lymphocyte dysfunction,

include STAT3, DOCK8, Tyk2, IL-12Rb1, as well as dectin-1, CARD9, and AIRE. Uniting

many of these pathways are defects in IL-17 and IL-22 generation and response, giving

further weight to the observations of IL-17 and IL-22 blockade in AIRE deficiency.

As both Puel et al. and Kisand et al. report a few instances of autoantibodies without CMC,

and there are many instances of CMC outside of APECED without autoantibodies,

autoantibodies to IL-17 and IL-22 are likely not the complete story. Single anti-cytokine

autoantibodies may be necessary and sufficient for some diseases (for example, anti-GM-

CSF autoantibodies in PAP), but others may require combinations of factors or perhaps

multiple autoantibodies acting in concert.

The potential exists for an indefinite number of autoantibodies to be involved on both sides

of disease causation. Autoantibodies to antimicrobial peptides, hormones and/or cell surface

receptors are likely to be involved in the disease. In addition, it is possible that

autoantibodies could actually facilitate or exacerbate inflammation by inhibiting anti-

inflammatory cytokines, such as IL-10. Therefore, broad searches for etiologies of new and
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old syndromes will have to incorporate an increasingly dizzying array of etiologic

possibilities.

The association of specific diseases with only a particular set of anti-cytokine autoantibodies

is a remarkable feature of these entities. Although thymoma and APECED share high rates

of anti-IFNa autoantibodies, only thymoma shows IL-12 autoantibodies,21 but neither

disease has anti-IFNg or anti-GM-CSF autoantibodies. Despite the challenges of identifying

and characterizing anti-cytokine autoantibodies in the disease, they open exciting new

possibilities for treatment. Plasmapheresis and intravenous immune globulin have been tried

in many autoantibody-mediated diseases, but their results are typically modest. The CD20+

B-cell-targeted therapeutic antibody, rituximab, has been used in small series in a variety of

diseases mediated by autoantibodies with encouraging results.22–24

Autoantibodies to cytokines represent an emerging layer of immune regulation. Unlike

primary congenital immunodeficiencies, these may develop over time, wax and wane, and

change in titer or avidity. Antibodies targeting a given cytokine can be found incidentally in

healthy hosts and associated with disease ranging from mild to severe. Whether involved in

normal cytokine homeostasis or pathology, anti-cytokine autoantibodies have the proven

potential to modulate cytokine pathways. The new work highlighting the functions of

autoantibodies to IL-17 and IL-22 in CMC in APECED is a strong start in an exciting

direction.
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