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The current issue of seminars in immunopathology “Genet-
ics and functional genetics of Autoimmune diseases” pre-
sents a number of review articles describing current and
future landscape of human genetic studies in the field of
autoimmune diseases. Immunological phenomena related
to self-defense and disease are caused by the interaction
of many molecules in different types of immunocompetent
cells. Immunological research has been actively conducted
in animal models, mainly mice. The development of analyti-
cal methodologies, including gene knockout, has provided us
with new findings. However, although the mouse and human
immune systems are similar in principle, there are differ-
ences in detail. Treatments that are effective in mouse mod-
els of immune diseases are not always effective in humans.
Therefore, the importance of research that directly targets
the human immune system has been proposed.

The cause and outcome cannot be clarified from the
observation of phenomena in the immune response alone.
It is difficult to determine whether observed gene expres-
sion, protein expression, and epigenetics data are the cause
or the consequence of a disease. Therefore, an approach to
clearly distinguish cause from outcome, such as gene knock-
out in mice, would be necessary for human immunology.
Genetic variants of susceptibility to disease deserve atten-
tion to achieve this goal. With several exceptions, such as
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antigen receptor genes in T and B cells, genomic information
exists before the onset of the disease and does not change.
Genetic variants that are significantly associated with each
phenomenon of a disease provide a clear link to the cause
of that phenomenon.

With the initial decoding of the whole human genome in
2003, discussions began on the feasibility of analyzing dis-
ease-susceptible genetic variants in common diseases (i.e.,
multifactorial or polygenic diseases), which includes autoim-
mune diseases. Among human genome variant categories,
single nucleotide polymorphism (SNP) has been the main
focus. The international HapMap project has constructed a
catalog of genome-wide haplotype (linkage disequilibrium;
LD) blocks and tag SNPs [1]. Then, along with the devel-
opment of microarray SNP typing technology, the current
genome-wide association study (GWAS) methodology was
established. To date, GWAS has been conducted for more
than a thousand of human complex traits including many
immune-related phenotypes such as autoimmune diseases,
providing a massive list of disease risk variants [2, 3].

In contrast to rare Mendelian diseases where risk vari-
ants are mostly altering protein sequences, majority of the
GWAS-reported risk genetic variants are located in non-cod-
ing regions of human genome, typically found to be expres-
sion quantitative trait loci (eQTLs) that have dosage effects
on gene expression levels. The eQTL is a key phenomenon
for regulating gene expression in human cells, and can be
further characterized to be specific to cell types. This cell
specificity is largely due to epigenetic changes, such as cell-
type—specific histone modifications and DNA methylation,
in specific regions of chromosomes. Disease susceptibility
variants overlap significantly with the location of histone
modifications in promoters and active enhancers of spe-
cific immune cell subsets [4]. Therefore, causal information
can be extracted by measuring the functional molecules of
immunocompetent cells by focusing on disease-susceptible
genetic variants, gene expression (mRNA), epigenome, and
proteins. An integrated understanding of such endopheno-
types will enable the development of functional genetics that
provide a detailed understanding of an individual’s immune
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status, including causal and consequential factors [5]. Cur-
rently, the development of functional genetics is being rap-
idly promoted.

In this special issue, we would like to review the current
status of genetic analyses and functional genetics of autoim-
mune diseases and discuss the next generation of autoim-
mune research. The review by Ishigaki et al. [6] provides
the current landscape and future directions of GWAS. How
to connect simple case—control associations of the genetic
variants with functional genomics resources is important to
understand disease genetics and biology. Human leukocyte
antigen (HLA) genes at 6p23 explain significant propor-
tions of genetic risk of autoimmune diseases. Naito et al.
[7] presents current fine-mapping efforts to dissect causal
HLA variants of autoimmune diseases. Then, Ha et al. [8],
Padyukov et al. [9], Kim et al. [10], and Marquez et al. [11]
summarize recent achievements in genetics of four major
autoimmune diseases of systemic lupus erythematosus,
rheumatoid arthritis, multiple sclerosis, and type 1 diabetes,
respectively. More than a hundred of risk variants have been
massively identified for these autoimmune diseases through
active international collaboration networks.

Utilization of functional genomic resources by the latest
technologies is essential to interpret functional impacts of
the disease risk variants. Wang et al. [12] reviews statistical
methods to fine-map causal variants from GWAS findings,
as well as empirical application examples in autoimmune
disease genetics. Orozco et al. [13] introduces fine-mapping
efforts based on a set of epigenetic information including
high dimensional chromatin structure in cells. Guerrini et al.
[14] describes a framework to utilize cap analysis of gene
expression (CAGE) to reveal noncoding regulatory elements
in the human genome sequences. To validate biological
impacts of the fine-mapped variants, functional interrogation
of the candidate variants is useful. Ding et al. [15] discusses
two main interrogation methods of CRISPR/Cas9 technolo-
gies and massively parallel reporter assays.

We sincerely hope a series of the contents in this issue
will provide novel insights into genetics and functional
genetics of autoimmune diseases.
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