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    Chapter 9   
 HLA System and Giant Cell Arteritis                     

     F.     David     Carmona      and     Javier     Martín   

    Abstract     Giant cell arteritis (GCA) is a complex condition in which many  loci  
across the genome may be involved in its susceptibility and phenotypic expression. 
However, recent large-scale genetic data has shown that the HLA system exerts 
most of the genetic infl uence to disease risk, particularly class II genes. This is in 
contrast with that observed in Takayasu arteritis, the other large vessel vasculitis, in 
which the HLA association is mainly driven by class I haplotypes. The use of novel 
imputation methods has made possible an analysis of the HLA system at the amino 
acid level in GCA. In this context, three polymorphic amino acid positions (posi-
tions 13 and 56 of the class II molecules HLA-DRβ1 and HLA-DQα-1, respectively, 
and position 45 of the class I molecule HLA-B) have been proposed as the causative 
variants for the HLA association with this type of vasculitis. Although functional 
experiments may be carried out to confi rm these fi ndings, the current data clearly 
reinforces the idea of GCA as an antigen-driven disease with a major role of T cells.  

9.1       Introduction 

   Giant cell arteritis (GCA)   is an immune-mediated vasculitis characterised by infl am-
matory lesions in medium and large vessels. It shows a complex etiology, in which 
different factors (including genetic, epigenetic and environmental factors) may 
interact for its development and clinical manifestations [ 1 ]. Cumulated knowledge, 
based on the study of gene expression profi les and genetic markers of disease sus-
ceptibility, indicates that GCA is an antigen-driven condition [ 2 ]. In this regard, it 
has been described that different T cell populations are directly involved in the 
immunopathological mechanisms leading to GCA, including IFNγ-producing Th1 
cells, Th17 cells, Treg cells and Th9 cells [ 3 – 6 ]. Consistent with the above, the main 
genetic associations with GCA are harbored within the human leukocyte antigen 
(HLA) region [ 7 ], as it occurs in most autoinfl ammatory and autoimmune diseases, 
emphasizing the central role of immunity in the pathogenesis of GCA. 
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 The use of high-throughput genotyping platforms has allowed us to have a better 
perspective of the genetic background underlying GCA predisposition. Thanks to 
the recent large-scale genetic analysis performed in a well-powered GCA cohort 
from different populations of European origin [ 8 ], we currently know that HLA 
genes represent a considerably high proportion of the heritability of this type of 
vasculitis. Therefore, understanding how the HLA system infl uence GCA develop-
ment may defi nitively help us in the challenging endeavour of designing more effec-
tive therapeutic strategies for this condition. 

 In this chapter, we will give an overview of the structure and function of the HLA 
system and we will summarise the recent fi ndings on its contribution to GCA risk.  

9.2     Structure and Function of HLA Class I and II Molecules 

 The acronym ‘HLA’ was fi rst established more than six decades ago to list a group 
of serologically defi ned antigens, which varied from individual to individ-
ual and were associated with organ transplant rejection. Nowadays, we know that 
the HLA system is a complex genetic region involved in an important mechanism of 
the immune system aimed to differentiate self-components from potentially harmful 
non-self agents. Specifi cally, the HLA genes encode for surface glycoproteins that 
recognise and present antigens to the immune cells, thus having a major role in the 
control of the immune response. As this system operates not only in humans but 
also in most vertebrate species, the term ‘Major Histocompatibility Complex’ 
(MHC) was proposed to name the system in general. Therefore, the HLA genes are 
the human versions of the MHC [ 9 ]. 

 The HLA region is located at the short arm of chromosome 6 and includes, 
amongst others, two major sets of genes: the  HLA class I genes   (HLA-A, -B, and 
-C) and the  HLA class II genes   (HLA-DR, -DQ, and -DP). Both classes of HLA 
genes have different biological functions. 

 The HLA class I proteins are expressed on the membrane of all nucleated cells in 
the body, and their main function is to display intracellular peptides to CD8+ T 
cells. They are composed of three α domains (encoded by the  HLA class I genes  ) 
and are linked non-covalently to the β2-microglobulin, which is not polymorphic. In 
physiological conditions, CD8+ T cells are tuned during thymocyte maturation to 
the specifi c set of HLA class I and self proteins produced by the corresponding 
individual, and will not be activated in response to them in a process known as 
 immune tolerance  . However, if a foreign or strange peptide is presented by a HLA 
class I protein (because of a viral infection, for instance), an immediate immune 
response will be triggered against the infected cell [ 10 ]. 

 On the other hand, HLA class II proteins consist of two homogenous peptides 
(designated as α and β chains), both of which are encoded  by   HLA class II genes. 
Their expression is generally restricted to some cell types known as antigen 
 presenting cells (including dendritic cells, macrophages, and B cells), which do not 
present cytosolic antigens but those derived from extracellular components to CD4+ 
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helper T cells. This is the mechanism that commonly operates in bacterial infec-
tions. In this case, extracellular pathogens are endocytosed, digested in lysosomes, 
loaded onto the antigen-binding groove of the HLA molecule, and recognised as 
non-self by CD4+ helper T cells, which, as a consequence, initiate an appropriate 
immune response consisting of monoclonal expansion, localised infl ammation, 
release of chemoattractant cytokines to recruit phagocytes, and production of spe-
cifi c antibodies against the pathogen [ 11 ].  

9.3     The Complexity of the HLA Genomic Region 

 The HLA region spans around 4-megabase pairs (Mbp) within the chromosome 
position 6p21.3 and it is characterised by three main features: (1) it contains a high 
gene density (more than 400 genes and pseudogenes have been annotated, many of 
them with related immune functions), (2) it shows an extreme sequence variation 
(more than 8000 alleles have been described for the classical HLA genes), and (3) 
there is an extensive linkage disequilibrium (LD) in the region [ 12 ]. These charac-
teristics are a consequence of a unique evolutionary history that has shaped the 
genetic structure of this genomic region not only by recombination and gene con-
version, but also by natural selection, which makes it diffi cult to tease apart effects 
of individual  loci  in disease association studies [ 13 ]. To facilitate this, a systematic 
nomenclature system based on the early serological studies was developed by the 
‘ WHO Nomenclature Committee for Factors of the HLA System ’ (  http://hla.alleles.
org/nomenclature/committee.html    ), which fi rst met in 1968 and laid down the crite-
ria for successive meetings [ 14 ]. At fi rst, to defi ne the different serotyped haplo-
types ( i.e.  combinations of specifi c sets of amino acids of the HLA proteins 
responsible for transplant rejection), this nomenclature included names composed 
of the HLA gene that encoded the corresponding protein, followed by two-digit 
numbers ( e.g . HLA-DRB1* 01  ). Consequently, these two-digit alleles correlated 
with the variation of the protein epitopes to which the antibodies were bound. Later 
on, the use of the polymerase chain reaction (PCR) and DNA sequencing techniques 
allowed a better estimation of the sequence variation of the HLA genes, and names 
containing four-digits were established to defi ne haplotypes including non- 
synonymous changes within exons ( e.g.  HLA-   DRB1*01:01). Although successive 
digits have been added to improve the accuracy of the defi ned haplotypes (to con-
sider synonymous changes, for example), it was accepted by consensus that the 
analysis of 4-digit types, known as classical HLA alleles, is an appropriate approach 
to obtain a good estimation of the HLA contribution to the studied phenotypes 
(Fig.  9.1 ).

   However, it is important to note that the classical HLA alleles do not consider all 
genetic variants and polymorphic amino acid positions within the HLA region, but 
only specifi c haplotypes covering each of the HLA genes. As a consequence of the 
broad LD across many genes, the interpretation of the HLA associations with clini-
cal phenotypes remains diffi cult. An optimal approach to identify causal variants for 
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those associations would be to analyse the complete sequence data across the HLA 
region, but this represents a major challenge due to its complex genetic structure. 
Considering the above, researchers from the Broad Institute (Cambridge, 
Massachusetts, USA) proposed an alternative methodology consisting of testing 
single-nucleotide polymorphisms (SNP) and polymorphic amino acid positions 
individually, instead of the traditional approach of testing the established haplotypes 
[ 15 ]. To do that in a cost-effective manner, and taking advantage of the high- 
throughput genomics, they developed an imputation method that infers the variation 
within the HLA region of SNPs, classical HLA alleles, and amino acid polymor-
phisms at class I and II  loci , using a reference panel of 5225 individuals of European 
origin with genotyping data of 8961 SNPs and indel polymorphisms across the 
HLA region, as well as four-digit genotyping data of the HLA class I and II mole-
cules [ 16 ]. As discussed below, the imputation and association testing at the amino 
acid level have remarkably facilitated the fi ne-mapping of primary HLA association 
signals for many immune-mediated conditions, including GCA.  

9.4     HLA and Human Disease 

 The HLA region has been associated with a wide spectrum of clinical conditions in 
humans, more than any other region of the genome, including autoimmune and 
autoinfl ammatory diseases, infectious diseases, cancer, graft-versus-host disease, 
and severe side-effects of drugs [ 17 ,  18 ]. 

 With regards to autoimmunity, typical diseases associated with classical HLA 
class I alleles include ankylosing spondylitis (HLA-B*27), Behçet’s disease (BD) 

  Fig. 9.1    Comparison of the amino acid sequence between different  HLA-DRB1   classical alleles 
at two- and four-digit types. The reference sequence corresponds to that of the HLA-DRB1*01 
allele. For the HLA-DRB1*01 sequences shown, a hyphen indicates identity to the reference 
sequence, whereas non-identity to the reference sequence is shown by displaying the appropriate 
residue at that position. The DNA codons for the two amino acids present in position 13 are also 
shown, with red bases indicating presence of different alleles of single-nucleotide 
polymorphisms       
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(HLA-B*51) and Takayasu disease (TAK) (HLA-B*51); whereas some examples 
of HLA class II diseases are type 1 diabetes ( HLA-DRB1*04   and HLA-DRB1*03), 
rheumatoid arthritis (RA) ( HLA-DRB1*04   and HLA-DQA1*03), celiac disease 
(CeD) (HLA-DQA1*05 and HLA-DQB1*02), multiple sclerosis (HLA-DRB1*15), 
systemic sclerosis (SSc) (HLA-DRB1*11 and  HLA-DRB1*07  ),    systemic lupus 
erythematosus (SLE) (HLA-DRB1*03),  ulcerative colitis   (HLA-DRB1*11), and 
GCA ( HLA-DRB1*04  ), amongst others [ 18 ]. However, the extensive LD of this 
genomic region, together with the fact that disease predisposition concerns subtle 
effects of common alleles, has made it diffi cult to pinpoint causal coding or regula-
tory variants of those primary associations with confl icting results. 

 In any case, the novel imputation and fi ne-mapping approach described in the 
previous section have shed light into the pathological mechanisms underlying the 
HLA associations with autoimmune diseases. The fi rst published study using this 
method was performed in RA in 2012 [ 19 ]. The authors proposed a model of three 
amino acid positions in HLA-DRβ1 (11, 71 and 74), one in HLA-DPβ1 (9), and one 
in HLA-B (9), that explained almost completely the HLA association with this 
rheumatic disease. All associated amino acids were located in peptide-binding 
pockets, implying a functional impact on antigenic peptide presentation to T cells. 

 Subsequent studies have also analysed the HLA region at the amino acid level in 
other autoimmune diseases such as SSc,  SLE  , BD, and GCA [ 8 ,  20 – 22 ], making a 
valuable contribution to the current knowledge about the complex HLA associa-
tions that account for most of their phenotypic variance. 

 In the following section we will summarise the recent advances achieved in the 
study of the HLA contribution to GCA susceptibility.  

9.5     HLA Contribution to GCA Susceptibility 

9.5.1     Early Studies 

 Despite being limited by a low statistical power, many studies from the early 1990s 
clearly pointed out the HLA class II as the most relevant genomic region for GCA 
pathogenesis. Specifi cally,  HLA-DRB1*04   alleles (generally DRB1*0401 but also 
DRB1*0404) were directly involved in disease predisposition in almost all the inde-
pendent candidate gene studies conducted in this type of vasculitis, which included 
populations of European ancestry from USA, Spain, Italy, France, and Denmark 
[ 23 – 30 ] (Table  9.1 ). Some studies also reported a correlation between these alleles 
and both resistance to corticosteroid treatment and the development of visual com-
plications in GCA patients [ 25 ,  31 ,  32 ].

   Regarding HLA class I, some classical alleles were also suggested as GCA risk 
factors, including HLA-A*31, HLA-B*8, HLA-Cw3 and HLA-Cw6, described in 
the early 1980s, and the more recent associations with HLA-B*15 and with the 
MHC class I polypeptide-related sequence A ( MICA ) gene [ 33 – 36 ]. Nevertheless, 
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the results of those studies were inconsistent in most cases and were not replicated 
in independent populations [ 37 ].  

9.5.2     Novel Associations Using High-Throughput Data 

 The recently published large-scale genetic screening on GCA has represented a 
turning point in the elucidation of the HLA contribution to disease pathogenesis [ 8 ]. 
The study was possible thanks to the establishment of an exciting international col-
laborative effort, in which many research groups and hospitals worldwide, includ-
ing the ‘ European Vasculitis Genetics Consortium ’, the ‘ Spanish GCA Consortium ’, 

   Table 9.1    Described associations  of   giant cell arteritis with  HLA-DRB1*04   alleles   

 Year of 
publication  Cohort origin 

 Sample size 
(case/control)   P -value  OR  Reference 

 1992  Rochester, 
Minnesota (USA) a  

 42/63  0.03  NA  Weyand et al. 
[ 29 ] 

 1994  Rochester, 
Minnesota (USA) a  

 52/72  1.00E-04  NA  Weyand et al. 
[ 26 ] 

 1998  Toulouse (France)  41/384  <1.00E- 
03 

 2.83 d   Rauzy et al. [ 24 ] 

 1998  Montpellier 
(France) 

 42/1609  5.00E-04  3.10  Combe et al. 
[ 30 ] 

 1998  Lugo (Spain)  53/145  <0.05  NA  Dababneh et al. 
[ 27 ] 

 2002  Copenhagen 
(Denmark) 

 65/193  0.01  2.30  Jacobsen et al. 
[ 48 ] 

 2004  Cantabria (Spain)  44/99  0.04  1.90  Martínez-Taboda 
et al. [ 31 ] 

 2015  Spain  763/1517  5.75E-14  1.94  Carmona et al. 
[ 8 ] 

 2015  UK  251/8612  1.86E-12  2.00  Carmona et al. 
[ 8 ] 

 2015  Italy  238/1270  2.15E-03  1.68  Carmona et al. 
[ 8 ] 

 2015  North America b   205/1641  9.44E-09  2.02  Carmona et al. 
[ 8 ] 

 2015  Norway  99/374  9.29E-03  1.64  Carmona et al. 
[ 8 ] 

 2015  Germany  95/1892  2.31E-03  1.76  Carmona et al. 
[ 8 ] 

 2015  Combined c   1651/15,306  6.78E-38  1.92  Carmona et al. 
[ 8 ] 

   a Scandinavian descent 
  b USA and Canada 
  c Meta-analysis including Spain, UK, Italy, North America, Norway and Germany 
  d Risk ratio 
 NA, not available  
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the ‘ UKGCA Consortium ’ and the ‘ Vasculitis Clinical Research Consortium ’, con-
tributed with more than 1,600 GCA samples (with a diagnosis confi rmed either by 
 temporal artery biopsy    or   imaging techniques) from seven countries (Spain, Italy, 
UK, USA, Canada, Germany and Norway). For the analysis, more than 15,000 
matched controls were also included, thus representing the largest case–control 
cohort investigated in a genetic study on GCA so far. 

 Besides the high statistical power, what made this study of high relevance for the 
investigation of the HLA system in GCA, was the use of the ‘Human Immuno DNA 
Analysis BeadChip Kit’ (known as the  Immunochip  ). This genotyping platform was 
designed by a consortium of leading groups covering all of the major autoimmune 
and seronegative diseases to identify immune-related risk variants [ 38 ]. The 
Immunochip includes probes to type almost 200,000 SNPs, rare variants, and inser-
tion/deletion polymorphisms located within 186 known susceptibility  loci  for auto-
immune and infl ammatory disorders. The use of the  Immunochip   has been 
considerably helpful for the identifi cation of novel specifi c and common genetic 
risk factors in multiple immune-mediated diseases, including TAK, CeD, RA and 
SSc amongst others [ 21 ,  39 – 42 ]. Remarkably, the chip has a dense coverage of 
polymorphisms within the HLA region, which can be used to impute classical 
alleles and amino acid variations with the method described in the third section of 
this chapter. 

 The study confi rmed class II genes (  HLA-DRB1    and  HLA-DQA1 ) as the main 
contributors to disease risk. Indeed, the considerably higher statistical signifi cance 
observed within this region in comparison with the rest of immune genes analysed, 
suggested that most of the genetic component of GCA relies on HLA class II. This 
is consistent with the pathogen infection hypothesis proposed to explain the initial 
activation and expansion of local dendritic cells within the vessel wall of GCA 
patients [ 43 ]. Contrary to that observed in GCA, the strongest susceptibility mark-
ers for TAK, the other large vessel vasculitis, are harboured in the HLA class I 
region (specifi cally HLA-B*52). The different pattern of HLA associations observed 
between these two similar conditions is striking, and could refl ect disease-specifi c 
mechanisms during the early development of both type of vasculitides [ 44 ]. 

 However, the most relevant insight of the  Immunochip   study on GCA was the 
analysis of the HLA system at the amino acid level. The authors proposed a model 
of three amino acid positions that explained most of the differences in the HLA 
region between cases and controls. This model included the positions 13 and 56 of 
the HLA class II molecules HLA-DRβ1 and HLA-DQα1, respectively (representing 
the major contribution), and the position 45 of the HLA class I molecule HLA-B 
(which conferred a weaker but still signifi cant disease risk) (Fig.  9.2 ). Remarkably, 
all three amino acid positions were located in the binding groove of their corre-
sponding molecule, and they have been described to have a direct interaction with 
the bound antigen, which gives a functional implication to the model.

   The amino acid with higher effect size amongst the six possible residues in the 
position 13 of HLA-DRβ1 was histidine (which was also the top signal in the whole 
 Immunochip   study). This is one of the polymorphic amino acids that defi nes the 
HLA alleles associated classically with GCA, HLA-DRB1*04:01 and HLA- 
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DRB1*04:04 (Fig.  9.1 ). Hence, it is likely that the presence of this histidine in the 
binding pocket of the HLA-DR molecule can  predispose   antigen-presenting cells to 
recognise self-antigens within the vascular walls. 

 It is interesting to note that the histidine in position 13 of HLA-DRβ1 (and, con-
sequently, the  HLA-DRB1*04   alleles that contain this residue) is one of the most 
associated variants with RA susceptibility [ 19 ]. In this context, old studies described 
an association between GCA and  HLA-DRB1*04   alleles carrying the ‘shared epit-
ope’ (a common region of the β chain of HLA-DR, comprising positions 67–74, that 
is commonly present in RA patients and could be involved in presenting auto- 
immunological peptides) [ 26 ,  27 ]. In addition,  PTPN22  (a central regulator of both 
B and T cell receptor signalling) also represent the strongest non-HLA marker for 
both diseases [ 45 ,  46 ], and a genetic score predictive for RA was shown to yield 
signifi cantly higher values in GCA patients compared to controls [ 8 ]. Altogether, 
these evidences may suggest common pathological mechanisms between GCA and 
RA. However, these two diseases seldom co-occur and they clearly show a different 
phenotypic expression. It could be speculated that the risk  HLA-DRB1   haplotypes 
( i.e.  those including a histidine in position 13) act as major contributors to the loss 
of tolerance infl uencing the fi rst stages of both conditions, with other genes acting 
as secondary ‘modifi ers’ of the fi nal phenotype leading to GCA or RA.   

  Fig. 9.2    Amino acid model that best explains the HLA association with giant cell arteritis suscep-
tibility. The location of the associated amino acid positions is represented with a yellow sphere in 
the ribbon representation of each HLA molecule. P-values, odds ratios (OR) and effect conferred 
by the different residues at each position are also indicated (Data from Carmona et al. [ 8 ])       
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9.6     Future Perspectives 

 The establishment of an International GCA consortium, involving many groups and 
hospitals from Europe and North America, has allowed the fulfi lment of the fi rst 
large-scale genetic analysis on GCA, which has produced very exciting insights on 
the role of the HLA system in this type of vasculitis. However, the main conclusions 
are based on the assumption that all the effects are conferred on a log-additive scale, 
that is, the fi rst and second copies of an allele from an associated variant multiplica-
tively increase risk by the same amount (so homozygosis for an associated allele 
would double the disease risk of heterozygosis). However, recent lines of evidence 
suggest that non-additive genetic effects of dominance and epistasis, as a conse-
quence of differences in autoantigen-binding repertoires between a heterozygote’s 
two expressed HLA variants, may modulate the risk of autoimmune diseases [ 47 ]. 
To continue shedding light into the infl uence of the HLA system in GCA, this 
approach should be considered, as it could explain moderate fractions of the pheno-
typic variance. 

 On the other hand, the ongoing collaboration of the GCA consortium will 
increase the current case–control cohort, and additional subphenotype analyses of 
the HLA system accordingly with the main clinical complications of the disease 
could be performed. These studies may have relevant therapeutic implications, as it 
could be possible that different HLA haplotypes are related with higher risk to 
develop severe complications like visual loss or with relapses after corticosteroid 
tapering [ 43 ].  

9.7     Conclusion 

 Thanks to the advent of the new technologies for high-throughput genotyping, we 
have now a clearer overview of the genetic basis predisposing to complex traits such 
as the autoimmune diseases. Platforms like the  GWAS   or the  Immunochip   have 
helped us to make an accurate estimation of the contribution of the HLA system to 
the development of autoimmunity. We now know that the HLA region explains 
more disease risk than any other locus in the genome in most immune-mediated 
disorders. Elucidation of the functional implications of the autoimmune disease- 
associated HLA alleles is essential for a better understanding of the pathophysiol-
ogy of these conditions, and may ultimately lead to more effective treatments. 
Regarding GCA, a comprehensive analysis of the HLA system has been possible 
taking advantage of the dense SNP coverage of the Immunochip for this genomic 
region and the use of novel imputation methods. The data indicated that certain 
amino acids located in the binding groove of the HLA-DR and HLA-DQ molecules 
confer the strongest risk for GCA development, with a weaker contribution of class 
I residues. These data support the hypothesis that GCA is an antigen-driven disease 
likely triggered by a pathogen infection.      
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