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20 years of progress in the classification
of immmune-mediated diseases
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R Check for updates

20 years ago, the modern classification of
inflammation against self was developed,
wherein animmunological disease continuum
was invoked, as autoimmunity alone
inadequately explained the spectrum of
self-directed inflammation.

In a landmark 2006 paper, a classification for immunological dis-
eases was proposed’ that presented immunological diseases as an
‘autoinflammatory-autoimmune continuum’. That paper represented
the evolution of the field since Daniel Kastner first introduced the con-
ceptofautoinflammationin1999.Inthe years following the publication
ofthatarticle, the field has again evolved considerably, and research has
providedinvaluable insightsinto these compleximmunological diseases.

The discovery of Toll-like receptors in the mid-1990s and
the description of pathogen-associated molecular patterns and
danger-associated molecular patterns represented a major advance
inthefield ofimmunology; however, these discoveries were notimme-
diately used to inform the understanding of innate immune disease.
From 1997 onwards, the Kastner laboratory and others investigating
hereditary periodic fevers identified the underlying mutations of
genes linked to familial Mediterranean fever (MEFV) and TNF-receptor-
associated periodic syndrome (TNFRI), thus confirming dysregulation
of the IL-1 and TNF pathways, two pivotal cytokines that are key to
innate immunity, in these diseases”. This work led to coining of the
term ‘autoinflammation’?. Further autosomal dominant autoinflam-
matory disorders described in the early 2000s were subsequently
linked to multimeric cytosolic complexes, termed inflammasomes,
which, together with dysregulated IL-1expression, not only explained
these hereditary periodic fevers but also provided a molecular basis
for crystal disease, including gout and pseudogout, further cementing
the autoinflammation concept*’. From there, the understanding of
autoinflammatory disease, and especially that it represented innate
immunity dysregulation, grew exceptionally, with relevance for many
poorly defined inflammatory disorders, and the introduction of tar-
geted anti-IL-1 therapy transformed the lives of patients. When the
immunological disease continuum concept was published in 2006
(ref. 1), it was initially not greeted with much enthusiasm, but this has
since become alandmark paper, owing to the emergence of many novel
autoinflammatory and autoimmune diseases, and it also overlaps both
components of adaptive and innate immune dysregulation that that
fitted neatly into the scheme.

The MHC-I-opathy concept also refined the role of T cells in the
intermediate diseases (that s, those diseases that are classed asinter-
mediates between autoimmunity and autoinflammation). Within the
spondyloarthritis spectrum, this intermediate family of diseases is

linked to two cytokines other than IL-1 that are crucial to neutrophil
function, namely, IL-23 and IL-17 family members, whose biology is
nuanced and incompletely defined across various spondyloarthritis
domains®.

Macrophage-activation syndrome (termed ‘primary hemophago-
cytic lymphobhistiocytosis’ in the haematology setting) is linked to
killing defects of natural killer cells and CD8" T cells. However, evi-
dence indicates that macrophage-activation syndrome in Still’s dis-
ease (which encompasses systemic juvenile idiopathic arthritis and
adult-onset Still’s disease) might be a T cell-mediated immune hyper-
sensitivity response that manifests in a clinical manner similar to that
of macrophage-activation syndrome’.

In2006, it seemed odd that systemic lupus erythematosus (SLE),
although predominantly considered to be at the extreme autoimmune
end of the spectrum, also extended to the autoinflammatory end of
the spectrum’. Nevertheless, complement, the soluble arm of innate
immunity, has been linked to SLE. Around the same time, multiple
monogenic forms of SLE were being reported that resulted from dys-
regulated nucleic acid sensing and type I interferon signalling. This
research placed innate immunity, or autoinflammatory mechanisms,
asfoundationalin some SLE phenotypes®. Further research highlighted
differences between IL-1 and type I interferon-related disease mani-
festations as either autoinflammatory disease or autoimmune SLE
mechanisms’.

Althoughthe original autoinflammatory diseases comprised just
a few members, numerous monogenic and polygenic diseases have
now beendescribed. For example, the seronegative spondyloarthritis
conceptisstrongly linked to dysfunction of theintestinal barrier, and
over 50 monogenic forms of inflammatory bowel disease have now
beendefined, includingbarrier protein disruption, cytokine pathway
dysregulationand T cell dysregulation'®, Thus, although inflammatory
bowel disease sits closer toinnateimmunity than to adaptive immunity,
there is tremendous immunological heterogeneity within a limited
number of clinical phenotypes.

The introduction of the autoinflammation concept ultimately
provided a ‘doctrine of opposites’ reconciliation of innate and adap-
tive immune mechanisms and solidly defined a new boundary of
self-directed inflammation. Crucially, it provided a genetic blue-
print for the understanding of disparate immunopathology and
the foundation forinnateimmune therapeutics beyond colchicine —a
4,000-year-old Egyptian development. For sporadic non-hereditary
inflammatory diseases in older individuals, there has been increased
recognition of somatic mutations in innate immune cells that blend
into the myelodysplastic syndromes in haematology.

In the contemporary era, many autoinflammatory diseases
remain genetically unresolved, with environmental, epigenetic and
somatic mechanisms beingincreasingly recognized as key contribu-
tors to disease pathogenesis". However, on the basis of clinical phe-
notypes, the stratification of autoinflammatory diseases is possible
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Monogenic disorders of innate immune regulation Innate
Epithelial and barrier Myeloid and innate immune Somatic mutations in
integrity defects cell intrinsic defects? innate immune pathways
Complex polygenic innate immune-mediated disorders (such as acneiform disorders and Crohn's disease)
Intermediate MHC-I-opathies T,2 cell-mediated diseases (asthma, eczema)
o Type | MHC-l-opathies (Takayasu arteritis) Innate barrier defects (filaggrin leading to T cell activation)
o Type 17 MHC-l-opathies (psoriasis, spondyloarthritis)
Innate barrier defects, mechanical stress, microbiota and CD8* T cell interactions
Adaptive immune-dominant autoimmune disorders MHC-lI-restricted, T cell-driven immune pathologies
T., and B cell-related autoantibody release (MAS, still's disease, GCA and sarcoidosis)
Monogenic disorders of adaptive immune tolerance Adaptive

Fig.1|Major categories within theimmunological disease continuum.

The originalimmunological disease continuum placed monogenic innate
immune diseases and adaptive immune diseases at opposite ends of the
spectrum. However, in the context of autoinflammatory diseases, multiple
mechanisms and multiple pathways in barrier tissues and in innate cells have
been described. Somatic mutations in innate immune cells (such asin VEXAS
syndrome) contribute to sporadic late-onset autoinflammatory diseases. At

the autoimmune end of the spectrum, events taking place in the primary and
secondary lymphoid organs lead to humoral autoantibody-mediated diseases
or T cell-mediated diseases. The intermediate diseases involve abnormal barrier

ortissue biomechanical stress responses that are then associated with T cell
responses in the target tissues. This scenario is associated with dysregulation of
theIL-23-1L-17 axisin CD8" T cells, which promotes neutrophilic pathology in the
spondyloarthritis spectrum of diseases as so-called type 17immune responses.
Barrier dysfunction in the skin or lungs might likewise activate T cells in what is
termed type 2 immunity, which is strongly linked to IL-4 and IL-13 dysregulation.
*Multiple pathways, including IL-1 dysregulation in monogenic disease. GCA,
giant cell arteritis; MAS, macrophage activation syndrome; Ty, follicular helper
T; T, 2 cell, type 2 helper T cell.

without knowledge of the underlying genetics, which brings with
it empirical and novel therapeutic strategies beyond the ‘horror
autotoxicus’ concept (Fig. 1). Thus, the horror autoinflammaticus
and horror autotoxicus concepts have been revealed to be distinct
but also sometimes intertwined, and this places the future of trans-
lational immunology on a sound clinical foundation. The function
of innate and adaptive immunity can be directly extended to under-
standing inflammation against self without an exclusive focus onthe
autoimmunity concept.
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	Fig. 1 Major categories within the immunological disease continuum.




