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Autoimmune diseases are classic examples of multifactorial 
disorders in which a large number of genes interact with 
environmental factors to form the final phenotype. Identification 
of the genes involved in these diseases is a daunting 
challenge. Initially the search involved the candidate approach 
where polymorphisms in suspected genes were tested for 
association in large cohorts of patients and controls. Today, the 
most widely used method is genome-wide association studies 
(GWAS), a method based on screening large panels of patients 
and controls with hundreds of thousands of single nucleotide 
polymorphisms (SNPs), using microarray-based technology. 
Unique families in which autoimmune diseases are caused 
by single genes are another alternative. The identification 
of candidate genes is often followed by studies that provide 
biologic plausibility for the findings. The widely expanding list 
of genes involved in autoimmune conditions show that the 
same genes frequently underlie the pathogenesis of different 
autoimmune diseases. Despite all available resources, the 
main void of heritability in autoimmune conditions is yet to 
be discovered. Identification of these genes will help define 
new biological pathways and identify novel targets for the 
development of new therapeutic drugs.
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A utoimmune diseases are the prototype of multifactorial 
inheritance, also called complex inheritance. In contrast to 

single gene inheritance, this form of inheritance is governed by 
an additive effect of many genes in combination with environ-
mental factors, both of which may vary from person to person 
for a given disease. The heterogeneity of these diseases is so 
large that sometimes single gene disorders cause phenotypes 
almost indistinguishable from these diseases [1]. In this review 
we shall focus on the main methods used for the identification 
of genes involved in the pathogenesis of these disorders.

Many individuals carry genetic variants predisposing to 
autoimmune diseases but never develop such diseases; others 
are exposed to associated environmental factors but do not 
develop disease due to the lack of the genetic components. How 
and why did genes that predispose for autoimmunity evolve, 
and why do some individuals who carry these variants develop 

disease while others do not? It is feasible that millions of years 
ago subtle changes occurred in genes related to our immune 
system. Some of these changes conferred increased resistance to 
infections and therefore were associated with a genetic advan-
tage which over time increased their frequency in the popu-
lation [2]. Concomitantly however, these changes in certain 
situations caused a “hyperimmune” state and predisposition to 
autoimmune diseases. Since most autoimmune disorders appear 
later in life, these changes probably did not interfere with the 
genetic advantage conferred by the increased resistance to infec-
tions. An example for this hypothesis was recently proffered by 
Dunstan et al. [3], who showed that a specific subtype of HLA 
DRB1 confers protection from enteric fever. The same HLA sub-
type has been associated with increased risk for the development 
of Crohn’s disease and rheumatoid arthritis (RA) [4,5].

Several lines of evidence point to the involvement of genetic 
factors in autoimmune diseases: first, for many of the autoim-
mune disorders relatives of the index case are at increased risk 
for developing the same disorder; for example, the risk of sibs or 
offspring of an individual with multiple sclerosis (MS) to develop 
the disease is 2%–5%, while the risk in the general population is 
around 0.1%, i.e., 20 times higher [6]. Second, the risk in mono-
zygotic twins is higher compared to dizygotic twins: for example, 
if one of monozygotic twins develops systemic lupus erythema-
tosus (SLE) the risk of his twin brother to develop the disease is 
24% compared to 2% for dizygotic twins [7,8]. Adoption studies 
using twins who have been separated at birth, as well as popula-
tion migration studies, help us distinguish genetic from environ-
mental factors. It is possible to estimate what proportion of the 
etiology can be related to genetic factors as compared to envi-
ronmental factors, a term referred to as heritability (h2). There 
are a number of methods to calculate h2, the most common one 
is to use variance information derived from monozygotic and 
dizygotic twins with the formula:

h2 = 

For a Mendelian disease h2 is 1.0; for a disease that is com-
pletely environmental h2 is zero. Heritability for autoimmune 
diseases varies between the two values. For example, the esti-
mated h2 for ankylosing spondylitis (AS) is 0.7, and for RA 
0.55; thus the genetic component in AS is larger than in RA.

Over the years a number of methods have evolved enabling 
the detection of genes involved in multifactorial diseases. 
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These include the candidate approach, linkage analysis, and 
sib pair analysis. However, the great breakthrough came with 
the development of genome-wide association studies (GWAS) 
and lately, whole exome and whole genome sequencing.

The main method in use for the detection of genes predis-
posing to autoimmune diseases is the GWAS [9]. In order to 
understand the theoretical basis behind this method it is essen-
tial to fully understand the basis of association studies in can-
didate genes. Candidate gene association studies are based on 
the assumption that a susceptibility allele for a complex disease 
would be over-represented in patients compared to controls, 
probably due to a founder effect, a common ancient ancestor. 
This over-representation is also called linkage disequilibrium 
(LD). Most often not only is the susceptibility allele in LD, but 
also polymorphisms in close proximity to it. This is the result of 
lack of recombination events between such polymorphisms and 
the susceptibility allele which are very close one to the other. 
In fact, recombination events occur at specific points along 
the chromosomes, thus dividing the genome into LD blocks. 
Polymorphisms that are located in the same block would be in 
LD one with the other and, therefore, a candidate gene does not 
necessarily have to be detected by the actual disease susceptibil-
ity polymorphism but could be found through polymorphisms 
in its vicinity. Recent technological advancements allow us to 
screen the whole genome for LD between a disease and such 
polymorphisms [10]. This is done by testing a large cohort of 
patients with a specific disease, as well as controls, using an 
extremely large set of hundreds of thousands of single nucleo-
tide polymorphisms (SNPs) evenly dispatched throughout 
the genome. This daunting task is performed on microarray 
platforms which can simultaneously carry out an enormous 
number of reactions in a short time and at reasonable cost. The 
data obtained are subjected to rigorous statistical analysis and 
replicated several times on separate, independent cohorts in 
order to avoid false positive results. Identifying a candidate gene 
is followed by a phase of multiple functional experiments to 
understand the nature of the gene, how it acts, which pathways 
it involves, and what role it plays in the pathogenesis of the 
disease [11]. To date, hundreds of GWAS studies have been per-
formed for a wide variety of autoimmune disorders and these 
have resulted in the identification of hundreds of genes [12,13]. 

The function of these genes is highly variable and includes 
chemotaxis, lymphocyte activation [14], innate defense, adap-
tive immunity regulation, inflammatory mediators, autophagy, 
barrier function, NF-kB activation or inhibition, solute carriers, 
antimicrobial peptides, phagocytosis, and many more. However, 
above all, these studies emphasize the striking role of the HLA 
system in the pathogenesis of these disorders. The HLA system 
is responsible for the presentation of foreign antigens to the 
body’s immune components. An “over-efficient” system may 
result in the presentation of self antigens as foreign and thus 
provoke autoimmunity. GWAS studies have reaffirmed what we 

already know from association studies, but they emphasize the 
overwhelming importance of the HLA system to the develop-
ment of autoimmunity in comparison to the rest of the genome.

A surprising candidate that has emerged through multiple 
GWAS studies and is considered second to the HLA system 
is the thyrosine phosphatase PTPN22. Initially reported in 
type I diabetes mellitus (DM) [15], PTPN22 has also been 
shown to be involved in RA, Addison’s disease, alopecia areata, 
Hashimoto’s disease, Grave’s disease, systemic sclerosis and 
other autoimmune conditions [16,17]. Despite hundreds of 
studies the mechanism of action of PTPN22 has not been fully 
resolved. Knockout mice models for PTPN22 show enhanced 
T cell activation and an increase in antibody production; how-
ever, in humans the risk allele has a lower degree of T cell acti-
vation [18,19]. It was therefore suggested that reduced rather 
than elevated T cell triggering may be part of the phenotypic 
predisposition to autoimmunity. In any case PTPN22 is an 
excellent example of how genes discovered by GWAS studies 
are hypothesis-generating, in contrast to those proposed by the 
candidate gene approach which are hypothesis-driven. 

Another thyrosine kinase, PTPN2 has been associated with 
Crohn’s disease, DM, RA and Grave’s disease [20]. Knockout 
mice for this gene exhibit a fatal inflammatory wasting syn-
drome and abnormalities in a number of cell types. PTPN2 
has a negative regulatory role on ILR2 signaling in T cells, and 
studies have shown that Jak1 and Jak2 are among its substrates 
[21]. These findings led investigators to believe that variants in 
PTPN2 alter the thresholds for these genes along with other 
immune system-related signaling pathways. 

Other studies have implicated the tumor necrosis factor 
(TNF) receptor and the NF-kB signaling pathways. In 2007 an 
association was reported for TNFAIP3 in RA, an association 
that was confirmed in additional studies and extended to other 
autoimmune diseases [22,23]. In mice this gene acts as a major 
negative regulator of TNF-induced NF-kB signaling pathway. 
TRAF1 and TNFRSF5 (CD40) are two additional genes that 
have been identified using GWAS, with multiple effects on the 
immune system mediated through the kB signaling pathways 
[24]. These are just a few examples from a long list of genes 
with a wide range of roles including tolerance, barrier function, 
innate immunity, adaptive immunity, lymphocyte activation, 
chemotaxis, and many more functions related to different 
aspects of the immune system.

Single gene diseases may present with clinical symptoms and 
signs that closely resemble multifactorial disease. Identifying the 
underlying genes in such cases is relatively simple using posi-
tional cloning approaches or exome sequencing [25]. Al-Mayouf 
et al. [26] recently described a family with a familial form of 
SLE inherited in an autosomal recessive mode. Positional clon-
ing showed that the disease in these families was caused by 
mutations in the DNASE1L3 gene, a gene responsible for the 
clearance of degraded DNA from cells. Van Eyck et al. [27] per-
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formed exome sequencing on a 16 year old girl suffering from 
SLE and a selective IGA deficiency and found a de novo gain of 
function mutation in the IFIH1 gene. Using exome sequencing 
Chao et al. [28] identified rare variants in the CYP27B1 gene 
associated with MS. Interestingly, recessive mutations in this 
gene result in rickets, thus involving vitamin D metabolism in 
the pathogenesis of MS.

Not entirely surprising, a large overlap between genes 
involved in different autoimmune diseases has been found; thus, 
diseases such as MS, RA, Crohn’s, ulcerative colitis and psoriasis 
have common predisposition genes. Though hundreds of genes 
have been identified so far, most contribute an extremely small 
fraction of the overall heritability. In fact, for each of the auto-
immune diseases examined to date using GWAS studies, the 
total heritability of the genes identified does not exceed 50%. 
For example, for Crohn’s disease the genes found so far explain 
20% of the disease heritability and for SLE about 16%. Despite 
the small fraction of heritability discovered, the genes identified 
until now enhance our understanding regarding the biological 
pathways involved in the pathogenesis of these diseases, path-
ways that may serve as therapeutic targets in the future [29-31].
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“My entire soul is a cry, and all my work is a commentary on that cry”
Nikos Kazantzakis (1883-1957), Greek writer, whose most famous novel is Zorba the Greek




