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PERSPECTIVES

UNWINDING THE LONG ROAD THAT LEADS
TO UNDERSTANDING AUTOIMMUNITY
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ABSTRACT

Systemic autoimmune diseases are complex clinical conditions that arise in genetically predisposed individuals as a result of the
interplay between their immune system and their environment. In this perspective, we briefly discuss our current understanding
of the pathogenesis of autoimmunity and indicate four research avenues whose exploration will bring us closer to resolving
fundamental questions that remain unanswered in this enigmatic field. (REV INVEST CLIN. 2021;73(5):297-301)
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The clinical heterogeneity displayed by systemic lupus
erythematosus (SLE) and other rheumatic autoim-
mune diseases has always baffled clinicians and
taunted scientists. What is the basis of such hetero-
geneity and how does it impact our conceptual under-
standing of disease and consequently, our approach
to clinical questions related to diagnosis and thera-
peutic decisions?

As other clinical entities, systemic autoimmune dis-
eases were initially defined based on common pheno-
types. However, unlike other diseases, their etiology
could not come to rest on the discovery of an external
pathogen or a faulty molecule. The complex patho-
physiology of autoimmunity has eluded a unifying
theory and what we have in our hands is a group of
heterogeneous diseases with ill-defined causes and
long lists of unanswered questions.
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The development of autoimmunity is facilitated in
certain individuals, in particular, in those with a fam-
ily history of autoimmune disease. This heritability
has been well documented and quantified! and exhib-
its three important features: (a) all autoimmune dis-
eases have a strong genetic component; (b) a rela-
tively large number of risk alleles are shared between
multiple autoimmune conditions; and (c) the products
of most autoimmune-associated genes are part of
immunological pathways, in particular, T cell signaling,
tumor necrosis factor (TNF) signaling, or innate im-
munity2. These features, along with the fact that in
the great majority of cases the onset of autoimmune
diseases occurs in adulthood, suggest that these con-
ditions are the result of pathological responses
mounted by the immune system as a reaction to en-
vironmental stimuli. In other words, alleles that confer
genetic predisposition do not cause autoimmune
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disease, but rather imprint the immune system of
individuals who will eventually develop autoimmune
pathology with a biased behavior that may become
pathogenic under certain situations. Because the
function of the adaptive immune system is based on
its capacity to expand and relocate clones of cells
that have differentiated in response to encounters
with pathogens, microbiota, and other environmental
elements, it is reasonable to assume that the pres-
ence of risk-conferring alleles alters this adaptation
in @ manner which eventually becomes pathogenic in
patients with autoimmune disease. Therefore, even
though a predisposing genetic architecture repre-
sents the foundation of autoimmune disease, it is the
skewed responses accrued over the years what result
in a pathogenic system that loses immune tolerance
and acquires noxious inflammatory capacities. In this
sense, autoimmune disease represents a pathological
state reached by the immune system after repeated
biased responses to common situations. Considering
this conceptual landscape, we are faced with at least
four endeavors that will improve our understanding
of autoimmunity and allow us to delineate new clini-
cal and therapeutic avenues (Figure 1).

TO DEFINE THE CONTRIBUTIONS
OF EACH PATHWAY TO DISEASE
PHENOTYPE

Risk alleles contribute to disease development or ex-
pression through the modulation of gene transcrip-
tion or, less frequently, by altering the sequence of
the encoded protein3. Associations between genetic
variants and disease phenotypes have been mapped
to common single nucleotide polymorphisms (SNPs)
that may be part of the disease-associated variant or
merely serve as markers of nearby variants. Individu-
ally, these genetic elements confer a small risk for the
development of disease and in most cases; it has been
difficult to identify the mechanisms through which
they contribute to pathology. Several reasons may
explain this, but probably the most important aspect
is the fact that regulatory variants exert their effect
on restricted cell lineages, under specific cellular con-
texts“. In other words, if the regulatory function of an
SNP (or another genetic variant) is sought in the
wrong cell type or tested using the erroneous stimu-
lus, it will not become apparent.
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Another important issue is that in many cases, the
effects of genetic variants are tested in cells from
patients. This approach might seem reasonable, but
may introduce the additional confounding elements
that a chronic inflammatory disease imposes on cells.
The effects of genetic variants are more cleanly ex-
plored in cells from genotyped healthy individuals>.
Finally, the most complex aspect is how several vari-
ants, in particular, those that encode for genes whose
products act on the same pathway, affect the pheno-
type of a given cell. Although each variant is expect-
ed to affect cell behavior in a particular manner, it is
the combined effect of a number of variants what
probably promotes aberrant cellular responses and
disease development and thus, it is the repertoire of
risk alleles inherited by an individual what shapes the
expression of his or her disease®.

TO IDENTIFY RELEVANT
ENVIRONMENTAL STIMULI AND
UNDERSTAND HOW THEY INTERACT
WITH RISK ALLELES

A key aspect for understanding how autoimmune dis-
eases develop and to design strategies to prevent
them in predisposed individuals, is to comprehend
how the environment interacts with the immune sys-
tem and, in particular, how environmental stimuli may
trigger abnormal responses in cells that are geneti-
cally susceptible to autoimmunity. Epidemiological
studies have associated a relatively large number of
environmental factors with autoimmune diseases, but
in most cases, the associations are weak. An impor-
tant limitation of most studies is that they seek as-
sociations in patients defined by their diagnosis, but
disregarding their repertoire of genetic variants. In
these cases, genetic heterogeneity weakens the as-
sociations, since patients are not equally susceptible
to environmental stimuli. An example of this concept
is the relationship between smoking and autoimmune
diseases. The presence of the major histocompatibil-
ity complex (MHC) class Il allele HLA-DRB1*15:01
greatly increases the risk of developing multiple scle-
rosis (OR ~3)7. However, when a person carrying that
HLA allele smokes, the risk soars to an OR of ~138.
A B chain amino acid motif contained in a few HLA-
DRB1 alleles — the shared epitope — is strongly as-
sociated with rheumatoid arthritis (OR ~5-6 in indi-
viduals with shared epitope in both HLA-DR alleles).
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However, smoking increases the risk of rheumatoid
arthritis to ~19 in females and to ~60 in males when
both HLA-DRB1 alleles contain the shared epitope®.
These data illustrate how an environmental factor
may have a huge impact on disease development
when certain genetic elements are present and how
the environment may affect everyone in a different
manner. Therefore, epidemiological research should
consider genetic risk factors to produce data that al-
low us to understand how individual variation impacts
susceptibility to common environmental elements.

TO UNDERSTAND HOW THE
EVOLUTION OF THE IMMUNE SYSTEM
IN A PATIENT CONTRIBUTES TO DISEASE

The immune system adapts in response to antigenic
stimuli (i.e., infections, vaccines, and microbiota) and
to non-antigenic signals that indicate the presence of
pathogens, cellular stress, as well as hormonal and
neural status. At the cellular level, this adaptation is
achieved by radical changes in metabolism, gene ex-
pression, and cell survival. At the systemic level, it is
met with conspicuous modifications of the abundance
and location of specific lymphoid clones. Therefore,
the immune system of an individual is in a constant
evolution driven by a large number of environmental
cues.

Following productive activation, lymphocytes differ-
entiate into memory cells that have fewer stringent
activation requirements and some relocate to non-
lymphoid tissues'®. To some extent, these changes
may confer susceptibility to autoimmune disease, be-
cause differentiation of effector and memory cells
with pro-inflammatory capacities, and their deploy-
ment to key tissues, can facilitate the initiation and
perpetuation of local autoimmune responses?!. In ad-
dition, the development of a chronic autoimmune re-
sponse implies that self-reactive lymphoid clones be-
come activated and, importantly, that they do so in
the presence of inflammatory signals. This is relevant,
because chronic activation of lymphocytes in the
presence of TNF (and perhaps other pro-inflammato-
ry cytokines) can affect their susceptibility to apop-
tosis and facilitate their effector capacities!2. This il-
lustrates a concept which is sometimes neglected,
that due to the adaptive nature of the immune sys-
tem, a chronic inflammatory disease may promote in
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immune cells a pathogenic behavior, where systemic
inflammation induces pro-inflammatory functions
that can intensify and perpetuate inflammation, gen-
erating a vicious cycle!?. Thus, once disease is initi-
ated and established, it modifies the phenotype and
function of immune and non-immune cells. Although
these changes are usually regarded as secondary,
they may become relevant. The establishment of tis-
sue resident pro-inflammatory memory cells in target
organs may represent the key element that fuels
chronicity and/or relapses in tissues afflicted by au-
toimmune disease.

TO ANALYZE IMMUNE CELLS THAT
INFILTRATE TARGET ORGANS AND
UNDERSTAND THEIR RELATIONSHIP
WITH LOCAL NON-IMMUNE CELLS

Naive lymphocytes seek antigens in secondary lym-
phoid organs and then migrate to tissues where they
exert effector functions or establish local immune
memory. In contrast to neutrophils, which spend most
of their short lifetime in the blood patrolling for in-
flamed tissues, blood lymphocytes are travelers, a
mixture of naive and activated cells on route to lym-
phoid or non-lymphoid tissues and thus their experi-
mental interrogation must be cautiously interpret-
ed!3. As in other immune activation processes, the
initiation of autoimmune diseases occurs in secondary
lymphoid organs, and the noxious effects of the acti-
vated self-reactive cells are expressed in target or-
gans. Therefore, it is extremely important to study
the phenotype and behavior of immune cells in the
tissues where the pathogenic cells are recruited and
cause disease!4. New technology able to investigate
minute quantities of tissue at a single-cell level has
allowed researchers to begin to understand the biol-
ogy of pathogenic cells located in target organs?>. In
addition, we have begun to understand that local pa-
renchymal cells play an active role during disease de-
velopment by modulating and responding to the pres-
ence of infiltrating inflammatory cells. For example,
synovial fibroblasts dramatically change their pheno-
type in response to cytokines and other products of
inflammatory cells, becoming key pathogenic players
in the synovial tissue of patients with rheumatoid
arthritisté. Therefore, the cellular and molecular envi-
ronment of target organs can determine the suscep-
tibility of a particular tissue to develop local chronic
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Figure 1. Fundamental questions that will allow to understand the biology and heterogeneity of human autoimmune disease.

pathological inflammation, and this environment is
shaped by immune cells (resident and infiltrating), by
resident tissue cells, and importantly, by their inter-

play?’.

CONCLUSIONS

During the last decades, we have learned greatly
about autoimmune diseases, in particular, about how
patients can be grouped according to their pheno-
type. We have also understood that genetic factors
and environmental triggers represent a mixture that
allows the development of autoimmune pathology.
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However, the concepts that have guided us to our
current understanding cannot answer urgent ques-
tions that must be resolved to improve the way we
conceptualize disease and, perhaps more importantly,
the approach to design new therapies. Here, we have
pointed at four avenues that may improve our under-
standing of these complex diseases.
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