
which had only clinical information, and case reports. 
RESULTS: We found that HLA alleles have strong association in the 
development of CeD and other autoimmune diseases. HLA-B1*02 is 
the most critical allele associated with the susceptibility to CeD and 
also have major role in other gluten related disorders (GRD). 
CONCLUSIONS: We concluded that although HLA has a major 
role in the autoimmune disease development, multiple unknown 
non-HLA genes are also critically involved and must be explored 
frantically. 

Key words: Celiac disease; HLA; GRD; Dermatitis herpetiformis; 
Type 1 diabetes; Rheumatoid arthritis; Multiple sclerosis

© 2020 The Authors. Published by ACT Publishing Group Ltd. All 
rights reserved.

Ahmed A, Pramanik A, Singh A. Human Leukocyte Antigen and its 
Association with Celiac Disease and Associated Autoimmune Dis-
eases. Journal of Gastroenterology and Hepatology Research 2020; 
9(2): 3134-3139 Available from: URL: http://www.ghrnet.org/index.
php/joghr/article/view/2862

INTRODUCTION
Human Leukocyte Antigen (HLA) heterodimer is a membrane-
bound glycoprotein having a major role in the regulation of the 
immune system[1,2], HLA gene complex is located on the short arm of 
chromosome 6p21 and is known to be the most polymorphic genetic 
system in humans[1]. HLA is associated with the development of 
various infectious and autoimmune diseases[3].
    Wheat is worldwide staple food but ingestion of wheat specifically 
‘gluten’ (a storage protein of wheat) in some individuals causes 
several gluten-dependent diseases. These conditions are collectively 
known as gluten-related disorders (GRD)[4]. GRD includes Celiac 
disease (CeD), Non-Celiac Gluten Sensitivity (NCGS), Dermatitis 
herpetiformis (DH), Gluten ataxia (GA), Wheat allergy (WA), and 
among these disorders, CeD is the most studied disorder and its 
pathophysiology is comprehensively explained[5]. HLA has a major 
role in the development of CeD[6], its role in the development of other 
GRD is also studied but not fully explained[7].
    CeD is an autoimmune, chronic enteropathy which gets triggered 
on exposure to dietary gluten in genetically predisposed individuals 
who carry HLA-DQ alleles. CeD is also a multi-systemic disease. 
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ABSTRACT
INTRODUCTION: Human Leukocyte Antigen (HLA) is a crucial 
component for the regulation of human immune systems. Celiac 
disease (CeD) is a gluten dependent multifactorial disorder with a 
strong association with HLA-DQ alleles. HLA-DQ alleles are also 
have role in Non-Celiac Gluten Sensitivity (NCGS), Dermatitis 
herpetiformis (DH), and CeD associated autoimmune diseases like 
Type 1 diabetes (T1D), Rheumatoid arthritis (RA), Multiple sclerosis 
(MS). However, contribution of HLA in all these diseases is not fully 
understood. We aimed to provide a concise information about the 
HLA status in these autoimmune diseases. 
METHODOLOGY: We explored already published articles having 
information about HLA in autoimmune diseases in relation to CeD 
from different scientific platforms. We filtered the HLA data from 
them. We included original and review articles and excluded articles 



HLA has a major role in the development of other autoimmune 
diseases like Type 1 diabetes (T1D), Rheumatoid arthritis (RA), 
Multiple sclerosis (MS)[8] and oral manifestations such as dental 
enamel defects (DED)[9] and recurrent aphthous stomatitis (RAS)
[10] and other gluten sensitive patients[11]. Pathophysiology of CeD is 
similar to T1D and RA, so the role of HLA in these diseases shares 
similar pathophysiology. In the last decades, multiple studies have 
shown an association of CeD with RA, T1D, and thyroid[12]. In this 
article, we explored the role of HLA class II molecules in disease 
development of GRD including CeD and its associated diseases and 
the status of HLA in these diseases. 

METHODOLOGY
We explored already published articles having information about 
HLA in autoimmune diseases in relation to CeD from different 
scientific platforms like PubMed, and google scholar with the key 
words, ‘celiac disease and other autoimmune disease’, ‘Gluten 
related disorders’, role of HLA in ‘Dermatitis herpetiformis’, ‘type 1 
diabetes’, ‘rheumatoid arthritis’, ‘multiple sclerosis’, ‘dental enamel 
defects’ and ‘recurrent aphthous stomatitis’. We filtered the HLA data 
from them. We included original and review articles and excluded 
articles which had only clinical information, and case reports. 

HLA gene complex
The HLA molecule recognizes the processed exogenous/endogenous 
peptide antigens and present them to the T-cell (TC/TH) for appropriate 
immunological action. Based on immunological action HLAs have 
three classes.
    HLA class I (A, B, and C) molecules: Class I HLA molecule, 
also referred as classical class I molecule, is a 45 kilo Dalton (KD) 
heavy chain glycopeptide with three domains (α1, α2, and α3) that 
non-covalently associates with β2-microglobulin which provides 
structural support to the heavy chain. Among HLA-A, B, and C 
loci, HLA-B is the most significant and highly polymorphic locus. 
HLA class I molecules expressed on nucleated cells and its α-chain 
anchors itself into the plasma membrane through its cytoplasmic tail. 
HLA class I molecules are associated in the development of several 
infectious diseases (Hepatitis B and C viral infection, HIV/AIDS, 
mycobacterial, protozoan infections, etc)[13]. Primary function of HLA 
class I molecules is to recognize the endogenous antigen (antigenic 
peptides that are produced inside the host cell. e.g. viral proteins) and 
present these processed peptides to the cell surface by linking them 
to the T-cytotoxic (TC-cells)/CD8+ T cells that ultimately impose 
a killing action to these peptides and neutralize the cells from viral 
infection[14].
    HLA class II (DQ, DR, and DP) molecules: This class of HLA 
molecule is highly polymorphic that expresses itself on antigen-
presenting cells (APCs) (B-cells, dendritic cells, and macrophages). 
HLA class II molecules are associated in the development of 
autoimmune diseases. Primary function of HLA class II molecules 
is to present the exogenous antigen (antigenic peptides that are 
produced outside the body and enter the cells by phagocytosis) to the 
T helper (CD4+) cells. The HLA class II elicits a general immune 
response (humoral response) so it remains present on APCs only and 
not on every cell. HLA Class II molecules contain two polypeptide 
chains, a 33KD α chain (with two domains α1 and α 2) that are non-
covalently associated with a 28 KD β chain (with two domains β1 
and β2). HLA class II molecule has a transmembrane segment that 
remains attached to the lipid bilayer of the cell membrane[13]. 
    HLA class I and Class II genes are highly polymorphic in nature 
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and remain in a strong linkage disequilibrium i.e. there is a high 
possibility of combinations of alleles that are not expected often. 
DRB locus (HLA class I genes) alone encodes for 18 different 
alleles. Protein products of HLA Class I genes are also highly 
polymorphic e.g. there are at least 8 different alleles for the DQA1 
gene and 19 different alleles for the DPB1 gene[15,16]. Additionally, 
multiple DRB gene loci (DRB1, DRB3, and DRB4) code to form 
DR β chains[15]. 
    HLA class III molecules: HLA class III molecule participates 
in the specific immunological machinery that is why HLA Class III 
molecules do not have a crucial role. It is associated with hormones, 
complement system (C4A, C4B, Bf, andC2), and molecules involve 
inflammation[17].

RESULTS AND DISCUSSION
HLA and its association with celiac disease susceptibility 
Celiac disease (CeD) globally has serological prevalence of 1.4% and 
biopsy proven prevalence of 0.7%[18]. During the early development 
of HLA characterization, on the basis of serological findings, B locus 
(B8) of HLA Class I molecules were associated with the CeD[19]. 
However, later D locus (DR3) of HLA Class II molecules were found 
strongly associated with CeD[20]. Association of CeD with B locus 
was primarily suggested due to strong linkage disequilibrium between 
the alleles that encode for HLA-B8 and HLA-DR3. However, the 
latest knowledge confirms that HLA-DQ2 heterodimer from HLA 
class II genes is closely associated with CeD susceptibility[14].
    The HLA heterodimer plays a crucial role in CeD development, 
it remains present on the surface of APC, it attaches with the de-
amidated gluten peptide by tissue transglutaminase enzyme, and 
present this gluten to the T-cells that finally caused villous atrophy in 
CeD patients[21-23] HLA (HLA-DQ2 and/or HLA-DQ8) heterodimers 
explain about 40% of the CeD heritability, while 60% of genetic 
susceptibility of CeD by non-HLA genes[24,25]. Other than HLA 
DQ2/ DQ8, more than 40 candidate genes have been discovered to 
be associated with CeD[26,27]. Hence, HLA typing is used to clarify 
the uncertain diagnosis, considering its high negative predictive 
value[28]. 
    About 90%-95% patients with CeD from the western population 
express HLA-DQ2 heterodimer also known as HLA-DQ2.5 
heterodimer that is encoded by DQ A1*0501 and DQB1*0201 
alleles. Remaining 5%-10% of HLA-DQ2.5 negative CeD 
individuals express DQ8 heterodimer that is encoded by DQA1*03 
and DQB1*0302 alleles[29]. HLA-DQ alleles (A1 and B1) could 
be present in cis (both genes inherited together on the same 
chromosome) or in trans configuration (both genes separately 
inherited on two homologous chromosomes). DQA1*05 and 
DQB1*02 alleles are present at the DR3 haplotype in the cis form 
(DRB1*03:01-DQA1*05:01-DQB1*02:01) and on trans form on 
DR5/DR7 haplotype (DRB1*11/12-DQA1*05:05-DQB1*03:01; 
DRB1*07DQA1*02:01-DQB1*02:02). 
    Likewise, HLA-DQ8 alleles present in cis form on the DR4 
haplotype (DRB104*-DQA1*03:01-DQB1*03:02). The DQB1*02 
alleles are considered as the at-risk allele to CeD and DQB1*02 
homozygosity is associated with the increased risk and more 
aggressive form of CeD[2]. CeD cases negative with HLA-DQ2.5/
DQ8 alleles (which is a rare case) express HLA-DQB1*02 at-risk 
allele in absence of the DQA1*05 variant, also known as HLA-
DQ2.x[30,31]. However, there are about 25%-30% of individuals who 
carry HLA-DQ7 and/or DQ8 alleles but only a small number of 
such individuals develop CeD[2].
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    Highly polymorphic HLA class II molecules are closely related to 
CeD with DQB1*02 as a prime at-risk allele for CeD. While 100% 
CeD Caucasian carry HLA-DQ2/-DQ8 alleles[2,29]. However, there 
are several other similar conditions where HLA class II plays major 
role in the disease development. A quick view of critical HLA gene 
associated with respective disease is given in table 1. 

HLA and its association with Non-celiac gluten sensitivity 
(NCGS): The global prevalence of NCGS is unknown however, it’s 
prevalence in the United States is considered about 6%[32]. NCGS is 
diagnosed in individuals who do not have CeD or wheat allergy (WA) 
but who have intestinal symptoms, extraintestinal symptoms, or both, 
related to ingestion of gluten-containing grains, with symptomatic 
improvement on obtaining gluten-free diet (GFD). Study shows 
that there is a genetic risk for hydrolyzed wheat protein allergy and 
this genetic risk is mainly represented by multiple combinations of 
HLA variants[33]. Half of the patients with NCGS were HLA-DQ2 
or HLA-DQ8 positive, which was slightly higher than in the general 
population (40%)[7,34]. It is known that HLA has a major role in the 
development of NCGS however, so far its specific mechanism is not 
fully known[34]. Nevertheless, few studies have reported an increased 
permeability in a subgroup of HLA-DQ2/DQ8-positive adult patients 
having NCGS[35-37]. The genotype combination A1-3/B2-6 has been 
found in gluten-sensitive patients. Allele A5 (DQA1:05) and allele 
B2 (DQB1:02) were found to be higher in gluten-sensitive patients 
when compared to controls[11].

HLA and its association with Dermatitis herpetiformis (DH): 
Dermatitis herpetiformis (DH) is a chronic skin inflammatory 
condition due to the ingestion of gluten that results in skin rashes, 
blisters filled with watery fluid. Global prevalence of DH has been 
reported as 10 in 100,000 people[38]. Elbows and upper forearms are 
the most affected body parts (almost 90% DH patients)[39]. DH is 
strongly associated with the HLA-A1 (74% of patients with DH), 
-B8 (88%), -DR3 (95%), and -DQw2 (100%). It is rarely seen in 
American blacks which might be due to the decreased frequency of 
HLA-A1 and -B8 in them compared with Caucasians (American 
blacks: HLA-A1 = 15.3%, HLA-B8 = 10.7%; Caucasian: HLA-A1 
= 26.4%, HLA-B8 = 18.3%)[40]. Two American blacks with DH 
reportedly had results of HLA typing for HLA-A, -B, -C, -DR, and 
-DQ antigens. It was also revealed that neither patient expressed 
HLA-A1 or -B8; however, both patients did express the class II 
antigens which is mostly seen in DH, HLA-DR3 and -DQw2[40]. A 
comparison of HLA class II antigen frequency in normal American 
blacks and Caucasians revealed a similar frequency of HLA-DR3 
and -DQw2 (American blacks: HLA-DR3 = 27.6%, HLA-DQw2 = 
40.9%; Caucasian: HLA-DR3 = 22.6%, HLA-DQw2 = 32.9%)[40]. All 
this has the importance of the HLA class II region in the pathogenesis 
of DH. It was also stated that the occurrence of DH in American 
blacks is rare, not due to the decreased frequency of t he HLA class I 
antigens -A1 and/or -B8 but instead was related to differences in the 
HLA class II region not detected by routine HLA typing[40].
    MA Hall et al in 1991 performed HLA-DR, DQ, and DP restriction 
fragment genotyping in 23 DH patients and 53 healthy controls. 
They had shown that all 23 patients were positive for HLA-DQw2 
versus 40% of control subjects (21 of 53)[41]. Secondary associations 
with HLA-DR3 (91% of patients versus 28% of control subjects) 
and DPw1 (39% of patients versus 11% of control subjects) were 
also significant[41]. Thus DH and CeD share an identical HLA class II 
association. It can thus be hypothecated that HLA class II  for disease 
susceptibility to DH other than DR3 and DPw1[42], DQ alpha/DQ beta 

Table 1 Worldwide prevalence and associated HLA gene with different 
diseases.

SNo. Disease Name Worldwide 
Prevalence (%) Critical HLA allele

1.  Celiac Disease  0.7[14] HLA-DQB1*02[10]

2.  Non-Celiac Gluten 
Sensitivity 6%[24] HLA-DQ2, HLA-

DQ8[7,26]

3.  Dermatitis herpetiformis 0.01[31] HLA-A1, -B8, DR3, 
-DQw2[33]

4.  Type 1 diabetes  2-5[36] DRB1*03/DQB1*02:01 
/B1*04/DQB1*03:02[38]

5.  Rheumatoid arthritis 1%[42] DRB1-0401, 0404, 
0405, 0101[46]

6.  Multiple sclerosis  10.4[48] HLA-DRB1*15:01[35]

heterodimer is the HLA molecule that is most likely to be involved 
in CeD. It is encoded in the cis arrangement in DR3 haplotypes or 
in trans arrangement in a DR5, 7 genotypes[41]. DH and CeD shared 
identical HLA class II association. HLA class II genes less likely 
influence the immune responses which lead to mucosal damage in 
both diseases[41]. 
    HLA and its association with Type I diabetes (T1D): Type I 
diabetes (T1D) is an autoimmune disease, with a global prevalence 
ranging from 2-5%[43] in which β-cells are destroyed. Specific HLA 
regions have been identified to precede the development of T1D. 
Genes from the HLA complex have a major contribution in T1D. 
High incidence may be the result of the HLA-DR3-DQ2 and DR4-
DQ8 haplotypes, and the DQB1*06:02 alleles are common because 
they protected people from succumbing to T1D[44]. Of particular 
importance in this regard are the HLA-DR, -DP and -DQ loci. 
Ninety percent of T1D patients carry HLA-DRB1*03/DQB1*02:01 
or HLA-DRB1*04/DQB1*03:02 genes[45]. Methylation changes in 
the HLA region have been found to occur before the development 
of T1D. For T1D, apart from HLA genes, more than 50 non-HLA 
loci have been assessed to explain more than 75% of the disease 
heritability[46], insulin action, or both. The chronic hyperglycemia 
of diabetes is associated with long-term damage, dysfunction, and 
failure of different organs, especially the eyes, kidneys, nerves, 
heart, and blood vessels. Several pathogenic processes are involved 
in the development of diabetes. These range from autoimmune 
destruction of the beta-cells of the pancreas with consequent insulin 
deficiency to abnormalities that result in resistance to insulin action 
(American Diabetes Association, 2011) Patients with T1D carry 
HLA-DRB1*03/DQB1*02:01 or HLA-DRB1*04/DQB1*03:02 
genes which are responsible for the disease development and on the 
other hand HLA -DQB*0602 and HLA-DRB1*0402 have conferred 
a strong safeguard against T1D.[45,47]  HLA class II gene ‘HLA-
DQB1’, is known to be the  strongest known genetic risk factor for 
T1D[48].
    HLA and its association with Rheumatoid Arthritis (RA): 
Rheumatoid Arthritis (RA) a chronic autoimmune disease that 
primarily targets the joints where it affects about 1% population 
globally and tend to increase with age[49]. The inheritance of 
susceptibility to RA has shown to be associated with DRB1 genes 
that encode HLA-DR4 and HLA-DR1 molecules[50]. Linkage 
and association studies have shown that HLA-DRB1 gene is the 
foremost genetic susceptibility locus for RA. In 1976. it was found 
that patients with RA tend to share the similar HLA genes to CeD, 
which clearly explains the lack of reactivity in mixed cultures[15,51]. 
Stastny P showed that an increased proportion of patients with RA 
were positive for the HLA allele (HLA-DRw4), in comparison with 
healthy controls proving the HLA region as a genetic contributor to 
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RA susceptibility[52]. A decade later, Gregersen PK. et al. identifies 
multiple HLA locus with RA risk alleles within HLA-DRB1 and 
documented that the molecules that they encoded, shared a conserved 
amino acid sequence; which led to the ‘shared epitope’ hypothesis[50]. 
In progressive RA, 90% cases display either HLA-DR4 and/or 
-DR1 genes and the most common alleles that associated with RA 
susceptibility are DRB1-0401, DRB1 DRB1-0404, DRB1-0405, and 
DRB1-0101[53]. However, in 1998 Cope AP. et al. have confirmed 
that another variant of DR gene i.e. DRB1*0402 allele is associated 
with the protection against the RA[54]. 
    HLA and its association with Multiple sclerosis (MS): Multiple 
Sclerosis (MS) is a chronic inflammatory disease of the central 
nervous system and is a common cause of non-traumatic neurological 
disability affecting young adults[42]. It’s prevalence has been reported 
to be 10.4% in 2016 which is reportedly increasing[55]. More than 100 
loci have been reported to be strongly associated with susceptibility, 
whereas class II HLA gene cluster has 10.5% of the genetic variance 
underlying risk. HLA-DRB1*15:01 has the strongest effect with 
an average odds ratio of 3.08[42]. CeD is associated with different 
autoimmune and neurological disorders. It has been found that there 
is an increased prevalence about 11.1% of CeD in MS and 32% 
in first-degree relatives[56]. Studies also demonstrate that patients 
diagnosed with MS have an increased chance of RA independent 
of age, gender and history of smoking[57]. In Caucasian populations, 
DRB1*1501-DQA1*0102-DQB1*0602 has been reported to be the 
primary HLA genetic susceptibility factor for MS. Schmidt H. et 
al. showed that DR15 haplotype and/or its component alleles has a 
higher frequency in MS patients than controls[58]. 
    HLA and its association with infectious oral diseases: Several 
studies have investigated the contribution of HLA types (class I and 
Class II molecules) for the development of infectious oral diseases. A 
study done by Mauramo M. et al. in Swiss adults found a significant 
association of HLA B-15, HLA B-51, and DRB1*12 for periodontal 
disease manifestations and HLA-A32 for temporomandibular 
dysfunction (TMD)[59]. Another study, conducted by Valarini N, et 
al. in 164 Brazilian adolescents (age 15-19 years) showed HLA-
DQ group influencing the susceptibility to dental caries[60]. In a large 
cohort of genetically predisposed Italian general pediatric population, 
authors investigated the role of HLA -DQ2 in the disease protection 
and development of dental caries. However, they did not find a 
significant role of HLA-DQ alleles in the development of enamel 
defects, oral aphthosis, and dental caries[61]. Mariani P. et al reported 
that patients with HLA-DR3 genotype have a higher risk of enamel 
lesions, pointing to a genetic contribution[62]. Erriu M. et al. have 
gave proof that there is a significant relation between dental enamel 
defects (DED) and allele expression while it was impossible to find 
a similar correlation with RAS. The authors of the study also found 
an increase in correlation with HLA-DQB1*02 expression in oral 
signs[9]. The statistical analysis evidenced that the absence of the 
HLA-DQB1*02 allele predisposes to oral manifestations such as 
RAS[10]. HLA genes have diversity in their associated alleles[63]. A 
particular HLA- A and/or HLA B allele may be associated with a 
specific disease development whereas, another allele from the same 
gene may act as a protective allele to the same disease[64].

CONCLUSIONS
This review gives proof that HLA genes have strong association 
in the development of CeD and other autoimmune diseases. 
HLA-B1*02 is the most critical allele for the development of CeD 
and it is also critically associated for the development of other GRD. 

However, HLA cannot be the sole gene responsible for these diseases 
possibly there could be non-HLA genes also be involved. 

REFERENCES
1.	 Megiorni F, Pizzuti A. HLA-DQA1 and HLA-DQB1 in 

Celiac disease predisposition: Practical implications of the 
HLA molecular typing. Journal of Biomedical Science. 2012; 
19(1): 88 [PMID: 23050549]; [PMCID: PMC3482388]; [DOI: 
10.1186/1423-0127-19-88]

2.	 Megiorni, F, Mora B, Bonamico M, Barbato M, Nenna R, Maiella 
G, Lulli P, Mazzilli MC. HLA-DQ and risk gradient for celiac 
disease. Hum. Immunol. 2009; 70(1): 55-9. [PMID: 19027045]; 
[DOI: 10.1016/j.humimm.2008.10.018]

3.	 Matzaraki, V, Kumar, V, Wijmenga, C & Zhernakova, A. The 
MHC locus and genetic susceptibility to autoimmune and 
infectious diseases. Genome Biolog. 2017; 18(1): 76. [PMID: 
28449694]; [PMCID: PMC5406920]; [DOI: 10.1186/s13059-017-
1207-1]

4.	 Hadjivassiliou, M., Sanders, D. D. & Aeschlimann, D. P. Gluten-
related disorders: Gluten ataxia. Dig. Dis. 2015; 33: 264-268. 
[PMID: 25925933]; [DOI: 10.1159/000369509]

5.	 Elli L, Branchi F, Tomba C, Villalta D, Norsa L, Ferretti F, 
Roncoroni L, Bardella MT. Diagnosis of gluten related disorders: 
Celiac disease, wheat allergy and non-celiac gluten sensitivity. 
World J. Gastroenterol. 2015; 21: 7110-7119 [PMID: 26109797]; 
[PMCID: PMC4476872]; [DOI: 10.3748/wjg.v21.i23.7110]

6.	 Younes, N, Younes S, Alsharabasi OA, El Zowalaty ME, 
Mustafa I, Jahromi M,Uddin S, Al-Nesf M, Pintus G, Zayed H. 
Immunogenetics of Celiac Disease: A focus on Arab countries. 
Curr. Mol. Med. 2020; 20(4): 275-285. [PMID: 31659945]; [DOI: 
10.2174/1566524019666191024104930]

7.	 Sapone, A, Bai JC, Ciacci C, Dolinsek J, Green PH, Hadjivassiliou 
M, Kaukinen K, Rostami K, Sanders DS, Schumann M, Ullrich 
R, Villalta D, Volta U, Catassi C, Fasano A. Spectrum of 
gluten-related disorders: consensus on new nomenclature and 
classification. BMC Med. 2012; 10: 13. [PMID: 22313950]

8.	 Cruz-Tapias, P, Castiblanco, J & Anaya, J-M (2013). HLA 
Association with Autoimmune Diseases. Bogota (Colombia): El 
Rosario University Press, Bookshelf ID: NBK459459

9.	 Erriu, M, Abbate GM, Pili FMG, Novara F, Orru G, Montaldo C, 
Piras V and Levrini L. Oral signs and HLA-DQB1*02 haplotypes 
in the celiac paediatric patient: A preliminary study. Autoimmune 
Dis 2013; 389590. [PMCID: PMC3808710]; [PMID: 24198965]; 
[DOI:  10.1155/2013/389590]

10.	 Erriu, M, Sanna S, Nucaro A, Orru G, Garau V, Montaldo 
Cl. HLA-DQB1 Haplotypes and their Relation to Oral Signs 
Linked to Celiac Disease Diagnosis. Open Dent. J. 2011; 5: 
174-178. [PMID: 22135701]; [PMCID: PMC3227877]; [DOI: 
10.2174/1874210601105010174]

11.	 Maki M, Caporale DA. HLA-DQ1 Alpha and Beta Genotypes 
Associated with Non-Celiac Gluten Sensitivity. The FASEB 
Journal. 2017; [DOI: 10.1096/fasebj.31.1_supplement.612.1]

12.	 Iqbal T, Zaidi MA, Wells GA. Karsh J. Celiac disease arthropathy 
and autoimmunity study. J. Gastroenterol. Hepatol. 2013; 28: 99-
105. [PMID: 22988822]; [DOI: 10.1111/j.1440-1746.2012.07272.
x]

13.	 Blackwell JM, Jamieson SE, Burgner D. HLA and infectious 
diseases. Clinical Microbiology Reviews 2009; 22: 370-385. 
[PMID: 19366919]; [PMCID: PMC2668228]; [DOI: 10.1128/
CMR.00048-08]

14.	 Jabri B, Sollid LM. T Cells in Celiac Disease. J. Immunol. 
(Baltimore, Md. 1950)  2017; 198: 3005-3014. [PMCID: 
PMC5426360] ;  [PMID:  28373482] ;  [DOI :  10 .4049 /
jimmunol.1601693]

15.	 Marsh SGE. Nomenclature for factors of the HLA system, update 



3138

Ahmed A et al . HLA association with autoimmune diseases

December 2017. Int. J. Immunogenet. 2018; 45: 88-93. [PMID: 
29405566]; [DOI: 10.1111/iji.12357]

16.	 Bugawan TL, Horn GT, Long CM, Michelson E, Hansen JA, 
Ferrara GB, Angelini G, Erlich HA. (1989) Analysis of HLA-DP 
Allelic Sequence Polymorphism Using the In Vitro Enzymatic 
Amplification of DPα and DPβ Loci. In: Dupont B. (eds) 
Immunobiology of HLA. Springer, Berlin, Heidelberg. [DOI: 
10.1007/978-3-662-39946-0_119]

17.	 Milner CM, Campbell RD. Genetic organization of the human 
MHC class III region. Front Biosci. 2001; 6: D914-26. [PMID: 
11487476]

18.	 Singh P, Arora A, Strand TA, Leffler DA, Catassi C, Green 
PH, Kelly CP, Ahuja V, Makharia GK. Global Prevalence 
of Celiac Disease: Systematic Review and Meta-analysis. 
Clin. Gastroenterol. Hepatol. 2018; 16: 823-836.e2. [PMID: 
29551598]; [DOI: 10.1016/j.cgh.2017.06.037]

19.	 Falchuk ZM, Rogentine GN, Strober W. Predominance of 
histocompatibility antigen HL-A8 in patients with gluten-sensitive 
enteropathy. J. Clin. Invest. 1972; 51: 1602-1605. [PMCID: 
PMC292299]; [PMID: 5024049]; [DOI: 10.1172/JCI106958]

20.	 Ek J, Albrechtsen D, Solheim BG, Thorsby E. Strong association 
between the HLA-Dw3-related B cell alloantigen -DRw3 and 
coeliac disease. Scand. J. Gastroenterol 1978; 13: 229-233. 
Springer, Boston, MA. [DOI 10.1007/b102501]

21.	 Hmida NB, Ben Ahmed M, Moussa A, Rejeb MB, Said Y, Kourda 
N, Meresse B, Abdeladhim M, Louzir H, Cerf-Bensussan N. 
Impaired control of effector T cells by regulatory T cells: A clue 
to loss of oral tolerance and autoimmunity in celiac disease? Am. 
J. Gastroenterol. 2012; 107: 604-611. [PMID: 22108452]; [DOI: 
10.1038/ajg.2011.397]

22.	 Bajor J, Szakács Z, Farkas N, Hegyi P, Illés A, Solymár M, 
Pétervári E, Balaskó M, Pár G, Sarlós P, Szűcs Á, Czimmer J, 
Szemes K, Huszár O, Varjú P, Vincze Á. Classical celiac disease is 
more frequent with a double dose of HLA-DQB102: A systematic 
review with meta-analysis. PLoS ONE 2019; 14. [PMID: 
30763397]; [PMCID: PMC6375622]; [DOI: 10.1371/journal.
pone.0212329]

23.	 Høydahl LS, Richter L, Frick R, Snir O, Gunnarsen KS, 
Landsverk OJB, Iversen R, Jeliazkov JR, Gray JJ, Bergseng E, 
Foss S, Qiao SW, Lundin KEA, Jahnsen J, Jahnsen FL, Sandlie I, 
Sollid LM, Løset GÅ. Plasma Cells Are the Most Abundant Gluten 
Peptide MHC-expressing Cells in Inflamed Intestinal Tissues 
From Patients With Celiac Disease. Gastroenterology 2019; 156: 
1428-1439.e10. [PMID: 30593798]; [PMCID: PMC6441630]; 
[DOI: 10.1053/j.gastro.2018.12.013]

24.	 Wolters VM, Wijmenga C. Genetic background of celiac 
disease and its clinical implications. American Journal of 
Gastroenterology 2008; 103: 190-195. [PMID: 18184122]; [DOI: 
10.1111/j.1572-0241.2007.01471.x]

25.	 Dubois PC, Trynka G, Franke L, Hunt KA, Romanos J, Curtotti 
A,Zhernakova A, Heap GA, Adány R, Aromaa A, Bardella MT, 
van den Berg LH, Bockett NA, de la Concha EG, Dema B, 
Fehrmann RS, Fernández-Arquero M, Fiatal S, Grandone E, Green 
PM, Groen HJ, Gwilliam R, Houwen RH, Hunt SE, Kaukinen K, 
Kelleher D, Korponay-Szabo I, Kurppa K, MacMathuna P, Mäki 
M,Mazzilli MC, McCann OT, Mearin ML, Mein CA, Mirza MM, 
Mistry V, Mora B, Morley KI, Mulder CJ, Murray JA, Núñez C, 
Oosterom E, Ophoff RA, Polanco I, Peltonen L, Platteel M, Rybak 
A, Salomaa V, Schweizer JJ, Sperandeo MP, Tack GJ, Turner G, 
Veldink JH, Verbeek WH, Weersma RK, Wolters VM, Urcelay 
E, Cukrowska B, Greco L, Neuhausen SL, McManus R, Barisani 
D, Deloukas P, Barrett JC, Saavalainen P, Wijmenga C, van Heel 
DA. Multiple common variants for celiac disease influencing 
immune gene expression. Nat. Genet. 2010; 42: 295-302. [PMID: 
20190752]; [PMCID: PMC2847618]; [DOI: 10.1038/ng.543]

26.	 Diosdado B, Wapenaar MC, Franke L, Duran KJ, Goerres 
MJ, Hadithi M, Crusius JB, Meijer JW, Duggan DJ, Mulder 

CJ, Holstege FC, Wijmenga C. A microarray screen for novel 
candidate genes in coeliac disease pathogenesis. Gut 2004; 53: 
944-951. [PMID: 15194641]; [PMCID: PMC1774096]; [DOI: 
10.1136/gut.2003.018374]

27.	 Bai JC, Ciacci C, Melberg J. World Gastroenterology Organisation 
Global Guidelines: Celiac Disease February 2017. J. Clin. 
Gastroenterol. 2017; 51: 755-768. [PMID: 28877080]; [DOI: 
10.1097/MCG.0000000000000919]

28.	 Sciurti M, Fornaroli F, Gaiani F, Bonaguri C, Leandro G, Di Mario 
F, De’ Angelis GL. Genetic susceptibilty and celiac disease: What 
role do HLA haplotypes play? Acta Biomed. 2018; 89: 17-21. 
[PMID: 30561391]; [PMCID: PMC6502200]; [DOI: 10.23750/
abm.v89i9-S.7953]

29.	 Sollid LM, Thorsby E. The primary association of celiac disease 
to a given HLA-DQ alpha/beta heterodimer explains the divergent 
HLA-DR associations observed in various Caucasian populations. 
Tissue Antigens 1990; 36: 136-137. [PMID: 2278049]; [DOI: 
10.1111/j.1399-0039.1990.tb01816.x]

30.	 Megiorni F, Mora B, Bonamico M, Barbato M, Montuori M, 
Viola F, Trabace S, Mazzilli MC. HLA-DQ and susceptibility to 
celiac disease: Evidence for gender differences and parent-of-
origin effects. Am. J. Gastroenterol. 2008; 103: 997-1003. [PMID: 
18177450]; [DOI: 10.1111/j.1572-0241.2007.01716.x]

31.	 Karell K, Louka AS, Moodie SJ, Ascher H, Clot F, Greco 
L, Ciclitira PJ, Sollid LM, Partanen J. HLA types in celiac 
disease patients not carrying the DQA1 *05-DQB1 *02 (DQ2) 
heterodimer: Results from the European genetics cluster on celiac 
disease. Hum. Immunol. 2003; 64: 469-477. [PMID: 12651074]; 
[DOI: 10.1016/s0198-8859(03)00027-2]

32.	 Igbinedion SO, Ansari J, Vasikaran A, Gavins FN, Jordan P, 
Boktor M, Alexander JS. Non-celiac gluten sensitivity: All wheat 
attack is not celiac. World f Gastroenterol. 2017; 23: 7201-7210. 
[PMID: 29142467]; [PMCID: PMC5677194]; [DOI: 10.3748/wjg.
v23.i40.7201]

33.	 Noguchi Akiyama M, Yagami A, Hirota T, Okada Y, Kato Z, 
Kishikawa R, Fukutomi Y, Hide M, Morita E, Aihara M, Hiragun 
M, Chinuki Y, Okabe T, Ito A, Adachi A, Fukunaga A, Kubota Y, 
Aoki T, Aoki Y, Nishioka K, Adachi T, Kanazawa N, Miyazawa 
H, Sakai H, Kozuka T, Kitamura H, Hashizume H, Kanegane 
C, Masuda K, Sugiyama K, Tokuda R, Furuta J, Higashimoto I, 
Kato A, Seishima M, Tajiri A, Tomura A, Taniguchi H, Kojima H, 
Tanaka H, Sakai A, Morii W, Nakamura M, Kamatani Y, Takahashi 
A, Kubo M, Tamari M, Saito H, Matsunaga K. HLA-DQ and 
RBFOX1 as susceptibility genes for an outbreak of hydrolyzed 
wheat allergy. J. Allergy Clin. Immunol. 2019; 144: 1354-1363. 
[PMID: 31301374]; [DOI: 10.1016/j.jaci.2019.06.034]

34.	 Catassi C, Bai JC, Bonaz B, Bouma G, Calabrò A, Carroccio A, 
Castillejo G, Ciacci C, Cristofori F, Dolinsek J, Francavilla R, Elli 
L, Green P, Holtmeier W, Koehler P, Koletzko S, Meinhold C, 
Sanders D, Schumann M, Schuppan D, Ullrich R, Vécsei A, Volta 
U, Zevallos V, Sapone A, Fasano A. Non-celiac gluten sensitivity: 
The new frontier of gluten related disorders. Nutrients. 2013; 5: 
3839-3853. [PMID: 24077239]; [PMCID: PMC3820047]; [DOI: 
10.3390/nu5103839]

35.	 Biesiekierski JR, Newnham ED, Irving PM, Barrett JS, Haines 
M, Doecke JD, Shepherd SJ, Muir JG, Gibson PR. Gluten Causes 
gastrointestinal symptoms in subjects without celiac disease: 
A double-blind randomized placebo-controlled trial. Am. J. 
Gastroenterol. 2011; 106: 508-514. [PMID: 21224837]; [DOI: 
10.1038/ajg.2010.487]

36.	 Sapone A, Lammers KM, Casolaro V, Cammarota M, Giuliano 
MT, De Rosa M, Stefanile R, Mazzarella G, Tolone C, Russo MI, 
Esposito P, Ferraraccio F, Cartenì M, Riegler G, de Magistris L, 
Fasano A. Divergence of gut permeability and mucosal immune 
gene expression in two gluten-associated conditions: Celiac 
disease and gluten sensitivity. BMC Med. 2011; 9: 23. [PMID: 
21392369]; [PMCID: PMC3065425]; [DOI: 10.1186/1741-7015-



3139

Ahmed A et al . HLA association with autoimmune diseases

9-23]
37.	 Vazquez-Roque MI, Camilleri M, Smyrk T, Murray JA, Marietta 

E, O’Neill J, Carlson P, Lamsam J, Janzow D, Eckert D, Burton 
D, Zinsmeister AR. A controlled trial of gluten-free diet in 
patients with irritable bowel syndrome-diarrhea: Effects on bowel 
frequency and intestinal function. Gastroenterol. 2013; 144: 
903-911. [PMID: 23357715]; [PMCID: PMC3633663]; [DOI: 
10.1053/j.gastro.2013.01.049]

38.	 Reunala T, Salmi TT, Hervonen K, Kaukinen K, Collin 
P. Dermatitis Herpetiformis: A Common Extraintestinal 
Manifestation of Coeliac Disease. Nutrients. 2018; 10. [PMID: 
29757210]; [PMCID: PMC5986482]; [DOI: 10.3390/nu10050602

39.	 Salmi TT, Hervonen K, Kautiainen H, Collin P, Reunala T. 
Prevalence and incidence of dermatitis herpetiformis: A 40-year 
prospective study from Finland. Br. J. Dermatol. 2011; 165: 354-
359. [PMID: 21517799]; [DOI: 10.1111/j.1365-2133.2011.10385.
x]

40.	 Hall RP, Clark RE, Ward FE. Dermatitis herpetiformis in two 
American blacks: HLA type and clinical characteristics. J. Am. 
Acad. Dermatol. 1990; 22: 436-9. [PMID: 2312829]; [DOI: 
10.1016/0190-9622(90)70060-u]

41.	 Hall MA, Launchbury JS, Bolsover WJ, Welsh KI, Ciclitira PJ. 
HLA association with dermatitis herpetiformis is accounted for 
by a cis or transassociated DQ heterodimer. Gut 1991; 32: 487-
490. [PMCID: PMC1378922]; [PMID: 1674926]; [DOI:  10.1136/
gut.32.5.487]

42.	 Hollenbach JA, Oksenberg JR. The immunogenetics of multiple 
sclerosis: A comprehensive review. Journal of Autoimmunity 
2015; 64: 13-25. [PMID: 26142251]; [PMCID: PMC4687745]; 
[DOI: 10.1016/j.jaut.2015.06.010]

43.	 Maahs DM, West NA, Lawrence JM, Mayer-Davis EJ. 
Epidemiology of type 1 diabetes. Endocrinology and Metabolism 
Clinics of North America 2010; 39: 481-497. [PMID: 20723815]; 
[PMCID: PMC2925303]; [DOI: 10.1016/j.ecl.2010.05.011]

44.	 Lernmark Å. Environmental factors in the etiology of type 1 
diabetes, celiac disease, and narcolepsy. Pediatric Diabetes 2016; 
17: 65-72. [PMID: 27411439]; [PMCID: PMC5473290]; [DOI: 
10.1111/pedi.12390]

45.	 Holoshitz, J. The quest for better understanding of HLA-disease 
association: Scenes from a road less travelled by. Discov. Med. 
2013; 16: 93-101. [PMID: 23998445]; [PMCID: PMC4064294]

46.	 Groop L, Pociot F. Genetics of diabetes - Are we missing the 
genes or the disease? Mol. Cell. Endocrinol. 2014; 382: 726-739 
(). [PMID: 23587769]; [DOI: 10.1016/j.mce.2013.04.002]

47.	 Sønderstrup G, McDevitt HO. DR, DQ, and you: MHC alleles and 
autoimmunity. Journal of Clinical Investigation 2001; 107: 795-
796. [PMCID: PMC199583]; [PMID: 11285296]; [DOI: 10.1172/
JCI12634]

48.	 Zhang H, Pollin TI. Epigenetics Variation and Pathogenesis in 
Diabetes. Current Diabetes Reports 2018; 18. [PMID: 30280270]; 
[DOI: 10.1007/s11892-018-1091-4]

49.	 Rudan I, Sidhu S, Papana A, Meng SJ, Xin-Wei Y, Wang W, 
Campbell-Page RM, Demaio AR, Nair H, Sridhar D, Theodoratou 
E, Dowman B, Adeloye D, Majeed A, Car J, Campbell H, Wang 
W, Chan KY; Global Health Epidemiology Reference Group 
(GHERG). Prevalence of rheumatoid arthritis in low- and 
middle-income countries: A systematic review and analysis. J 
Glob Health. 2015; 5: 010409. [PMID: 25969732]; [PMCID: 
PMC4416333]; [DOI: 10.7189/jogh.05.010409]

50.	 Gregersen PK, Silver J, Winchester RJ. The shared epitope 

hypothesis. an approach to understanding the molecular genetics 
of susceptibility to rheumatoid arthritis. Arthritis Rheum. 1987; 30: 
1205-1213. [PMID: 2446635]; [DOI: 10.1002/art.1780301102]

51.	 Stastny P. Mixed lymphocyte cultures in rheumatoid arthritis. 
J. Clin. Invest. 1976; 57: 1148-57. [PMID: 1262462]; [PMCID: 
PMC436767]; [DOI: 10.1172/JCI108382]

52.	 Stastny P. Association of the B-Cell Alloantigen DRw4 with 
Rheumatoid Arthritis. N. Engl. J. Med. 1978; 298: 869-871. 
[PMID: 147420]; [DOI: 10.1056/NEJM197804202981602]

53.	 Gregersen PK, Shen M, Song QL, Merryman P, Degar S, Seki T, 
Maccari J, Goldberg D, Murphy H, Schwenzer J et al. Molecular 
diversity of HLA-DR4 haplotypes. Proc. Natl. Acad. Sci. U. S. A. 
1986; 83: 2642-2646. [PMID: 3458223]; [PMCID: PMC323355]; 
[DOI: 10.1073/pnas.83.8.2642]

54.	 Cope AP, Sønderstrup G. Evaluating candidate autoantigens in 
rheumatoid arthritis. Springer Semin. Immunopathol. 1998; 20: 
23-39. [PMID: 9836367]; [DOI: 10.1007/bf00831997]

55.	 Stenager E. A global perspective on the burden of multiple 
sclerosis. The Lancet Neurology 2019; 18: 227-228. [PMID: 
30679041]; [DOI: 10.1016/S1474-4422(18)30498-8]

56.	 Rodrigo L, Hernández-Lahoz C, Fuentes D, Alvarez N, López-
Vázquez A, González S. Prevalence of celiac disease in multiple 
sclerosis. BMC Neurol. 2011; 11. [PMID: 21385364]; [PMCID: 
PMC3065402]; [DOI: 10.1186/1471-2377-11-31]

57.	 Tseng CC, Chang SJ, Tsai WC, Ou TT, Wu CC, Sung WY, Hsieh 
MC, Yen JH. Increased incidence of rheumatoid arthritis in 
multiple sclerosis: A nationwide cohort study. Medicine. 2016; 
95: e3999. [PMID: 27368008]; [PMCID: PMC4937922]; [DOI: 
10.1097/MD.0000000000003999]

58.	 Schmidt H, Williamson D, Ashley-Koch A. HLA-DR15 haplotype 
and multiple sclerosis: A HuGE review. American Journal of 
Epidemiology 2007; 165: 1097-1109. [PMID: 17329717]; [DOI: 
10.1093/aje/kwk118]

59.	 Mauramo M, Ramseier AM, Buser A, Tiercy JM, Weiger R, 
Waltimo T. Associations of HLA-A, -B and -DRB1 types with oral 
diseases in Swiss adults. PLoS One. 2014; 9: e103527. [PMCID: 
PMC4114782]; [PMID: 25072155]; [DOI: 10.1371/journal.
pone.0103527]

60.	 Valarini N, Maciel SM, Moura SK, Poli-Frederico RC. 
Association of Dental Caries with HLA Class II Allele in 
Brazilian Adolescents. Caries Res. 2012; 46: 530-535. [DOI: 
10.1159/000341188]

61.	 Annibali R, Verma A, Palpacelli A, Baldo DG, R=Franceschini 
E, Monachesi C, Mascitti M, Santarelli A, Galeazzi T, Lionetti 
E, Gatti S, Catassi C. Genetic predisposition to celiac disease 
and oral health: Is there an association? Preliminary results of a 
large Italian screening in children. Dig. Liver Dis. 2016; 48: e247. 
[DOI: 10.1016/j.dld.2016.08.018]

62.	 Mariani P, Mazzilli MC, Margutti G, Lionetti P, Triglione P, 
Petronzelli F, Ferrante E, Bonamico M. Coeliac disease, enamel 
defects and HLA typing. Acta Paediatr. 1994; 83: 1272-5. [PMID: 
7734869]; [DOI: 10.1111/j.1651-2227.1994.tb13014.x]

63.	 Markov, P. V. & Pybus, O. G. Evolution and diversity of the 
human leukocyte antigen(HLA). Evol. Med. Public Heal. 2015; 
1. [PMID: 25577609]; [PMCID: PMC4315060]; [DOI: 10.1093/
emph/eou033]

64.	 Simmonds, M. & Gough, S. The HLA Region and Autoimmune 
Disease: Associations and Mechanisms of Action. Curr. Genomics 
2009; 8: 453-465. [PMCID: PMC2647156]; [PMID: 19412418]; 
[DOI: 10.2174/138920207783591690]


