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•  Rare:	
  1/9	
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  mutaJons	
  du	
  gène	
  AIRE	
  (>100)	
  
•  ManifestaJons	
  cliniques:	
  précoces	
  (<	
  10	
  ans)	
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countries [12,13]. The 13 base pair deletion in the PHD1
domain is the major mutation in Norway [9], British Isles
[14] and North America [15]. In addition, founder muta-
tions have been described in Sardinia (p.R139X), Sicily
(p.R203X), among Persian Jews (p.Y85C) and in Apulia in
Italy (p.W78R) [10,16,17,18]. These mutations have been
valuable in deciphering the different domains of AIRE
and their functions (Figure 2).

Mutations in the CARD domain
The CARD domain is crucial for the homo- and multi-
merization of AIRE [19], and most of the reported AIRE
mutations target conserved amino acid residues [20].
In vitro studies of CARD mutations reveal that p.L28P
and p.L29P are crucial for structural integrity, inhibit
nuclear localization and AIRE-mediated transcription,
while p.K83E located on the surface of CARD had a
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Homunculus illustrating the various manifestations of APS-1.
Reproduced from Husebye et al., J Intern Med, 265, 514–29, 2009.
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years before the development of HP and AD, sometimes with
less common manifestations [1]. The course and severity of
candidiasis varies between patients: it can present as a mild
and remittent infection or may lead to the development of
chronic hypertrophic and/or atrophic lesions in more severe
cases [1, 11]. CMC tends to become milder and is self-
treatable in adulthood. Oral Candida infection may spread to
the esophagus and cause substernal pain, especially upon
swallowing, and in rare cases may cause esophageal stricture
[11]. Because oral and esophageal candidiasis are associated
with the high risk of the development of squamous cell carci-
noma, the infection should be carefully controlled with anti-
fungal treatment [73]. Symptomatic intestinal candidiasis can
be present even in the absence of oral infection. The skin of
the hands and sometimes the face may also be affected. The
fingernails are more commonly affected than the toenails; the
spreading of the infection from the mouth to fingers during
infancy has been proposed as an explanation for this phenom-
enon [72]. Vaginal Candida infection may also be present
[11].

The pathogenesis of CMC is believed to be associated with
impaired T helper 17 (Th17) cell responses, similar to several

other primary immunodeficiencies associated with CMC.
Th17 cytokines (IL-17A, IL-17F and IL-22) influence epithe-
lial cells by inducing the production of chemokines and anti-
microbial peptides that exert direct antifungal activity [74, 75].
Additionally, IL-22 promotes epithelial barrier integrity, espe-
cially in synergy with TNF-α co-secreted by Th22 cells [76,
77]. In contrast to several other syndromes associated with
CMC [78, 79], the circulating lymphocytes of APECED pa-
tients produce normal or even increased amounts of IL-17A
[80, 81], but are deficient in IL-22 and IL-17F secretion [69,
80, 81]. Moreover, the production of IL-22 is severely im-
paired by the skin-populating T cells of APECED patients
[82]. APECED patients also develop high titer neutralizing
autoantibodies against IL-22, IL-17F and IL-17A [29, 69].
Although the autoantibodies neutralizing IL-22 and IL-17F
(but not those against IL-17A) were correlated with CMC in
a study of 162 APECED patients, high titers against IL-17A
were associated with severe CMC in a recent case study [69,
83]. Whether the susceptibility for candidiasis is primarily
caused by the neutralizing autoantibodies to Th17 cytokines
or by the impaired production of IL-22 and IL-17A is un-
known. Some follow-up studies of APECED patient siblings

Fig. 2 APECED is caused by
mutations in a single gene –
AIRE. AIRE defects lead to a
devastating disease that affects
multiple organs and tissues as
depicted on the figure
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in the periphery, a process that is influenced by the 
gene encoding protein tyrosine phosphatase non-
receptor type 22 (PTPN22) and other genes associ-
ated with autoimmunity.36

Overall, these processes of selection and regu-
lation of T and B cells are controlled by cell-signal-
ing events that are normally active within a range 
of potency that may vary among persons and 
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Figure 1. Central and Peripheral Tolerance Mechanisms in the Adaptive Immune System.

Selection against self-reactivity in developing T cells occurs in the thymus, where more than 98% of developing thymocytes die from 
apoptosis because of excessive reactivity to self-peptides bound to major histocompatibility complex (MHC) molecules, followed by 
positive selection for functionally competent effector T cells (CD4+ and CD8+) that are released into the periphery. The expression of 
self-antigens in the thymus is genetically regulated by transcription factors, such as autoimmune regulator, or by genetic variation in 
self-antigens themselves (e.g., insulin). The production of peripheral regulatory T cells (Tregs) is also under genetic control, exemplified 
by the transcription factor FOXP3, the absence of which leads to severe autoimmunity. Alterations in genes affecting these various path-
ways may lead to quantitative as well as qualitative differences in the potential for self-reactivity of the repertoire of mature T-cell recep-
tors (TCRs). An analogous process of selection against self-reactivity by B cells occurs in the bone marrow, where self-reactivity is dra-
matically reduced as B cells transition out of the bone marrow into the peripheral B-cell population. Peripheral mechanisms for preventing 
self-reactivity also exist. In this context, Tregs play a key role in T cells, where genetic alterations in interleukin-2 pathways may influence 
the efficiency of Treg regulation. Multiple additional peripheral mechanisms contribute to keeping the immune response under control 
during the activation of both B and T cells in the peripheral immune system, including extensive cross-talk between T cells and B cells, 
as well as interactions with the innate immune system (not shown).

The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on December 3, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 

AIRE	
  

Défaut	
  TH17	
  
ê	
  IL17F,	
  IL22	
  

Anomalies	
  	
  
de	
  la	
  	
  

maturaJon	
  	
  
thymique	
  
(Treg)	
  

LT	
  autoréacJf	
   périphérie	
  



useful for screening, diagnostics or for prognostic purposes in
patients are highlighted in bold in Table 1. The anti-cytokine
autoantibodies stand out due to their high prevalence and early
emergence [18, 22, 70]. Neutralizing autoantibodies specific for

type I IFNs in APECED were discovered in 2006 by Meager
and coworkers [16], and their diagnostic value was appreciated
soon [17, 19, 20, 28]. Although these autoantibodies influence
interferon-stimulated gene expression in vivo and in vitro [32],

Table 1 APECED autoantibodies, their prevalences (%) and diagnostic value

Autoantibody targets % Associated with Expressed in References

IFN-ωa 100 AIRE−/− secreted [16]

IFN-α 95 AIRE−/− secreted [16]

IFN-β 22 secreted [16]

IFN-λ 14 secreted [16]

IL-22 91 CMC secreted [29, 69]

IL-17F 75 CMC secreted [29, 69]

IL-17A 41 secreted [29, 69]

steroid 21-hydroxylase
(CYP21A2)

55–69 AD adrenal [19, 23, 94, 98, 148]

steroid 17-α-hydroxylase
(CYP17A1)

24–58 AD OF adrenal [94, 23, 97, 145]

side chain cleavage enzyme
(CYP11A1)

38–68 OF adrenal, ovary, testis [19, 94, 99, 148]

NACHT leucine-rich-repeat
protein 5 (NALP5)

32–49 HP ovary, parathyroid, breast,
testis

[22, 23, 132, 145, 148]

calcium-sensing receptor
(CaSR)

86 HP parathyroid
pancreas, kidney

[133]

thyroglobulin (TG) 15–21 HT thyroid [23, 87, 157]

thyroid peroxidase (TPO) 15–36 HT thyroid [23, 87, 157]

islet antigen-2 (IA-2) 7 T1D pancreas, [87, 94]

glutamic acid
decarboxylase (GAD65)

27–42 GID pancreas, brain [19, 23, 87, 94, 145, 148]

testis-specific gene 10
protein (TSGA10)

8 testis, brain [140]

tudor domain containing
protein 6 (TDRD6)

49 testis, brain [139]

intrinsic factor ( IF) 15–30 PA stomach [71, 87]

aromatic L-amino acid de-
carboxylase (AADC)

39–68 AIH
VIT

kidney, intestine, brain, liver,
pancreas

[19, 94, 137, 138, 145,
158, 159]

cytochrome P450 1A2
(CYP1A2)

6–8 AIH liver [23, 104, 106, 107]

CYP2A6 AIH liver [23, 104, 108]

tryptophan hydroxylase
(TPH)

28–61 GID, AIH multiple [19, 94, 116, 137, 145,
158]

histidine decarboxylase
(HDC)

37 GID brain, stomach, lung [115]

tyrosine hydroxylase (TH) 44–50 AL, ED brain, adrenal [94, 119, 137]

SOX9/SOX10 15–22 VIT nervous system, breast [120]

potassium channel-
regulating protein
(KCNRG)

6 ILD lung, cervix [123]

bactericidal/permeability-
increasing fold-
containing B1 (BPIFB1)

10 ILD lung, stomach, esophagus,
cervix

[125]

Defensin, alpha 5 (DEFA5) 27 GID Paneth cells [118]

AD Addison’s disease, AIH autoimmune hepatitis, AL alopecia, CMC chronic mucocutaneous candidiasis, ED enamel dysplasia, GID gastro-intestinal
dysfunction, HP hypopathyroidism, HT hypothyroidism, IFN interferon, IL interleukin, ILD interstitial lung disease, OF ovarian failure, PA pernicious
anemia, T1D type 1 diabetes, TIN tubulo-interstitial nephritis, VIT vitiligo
a Autoantibodies diagnostic for APECED (AIRE-deficiency) or with good positive predictive value for specific manifestations of the syndrome are
indicated in bold
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milder effect on transcription and localization, possibly by
changing binding sites for protein-protein interactions
[20]. p.Y85C is also located on the surface and close to
p.K83E [20] which might explain the milder phenotype
observed in Persian Jews. It is plausible that the other
mutations in this domain act in a similar manner
(Figure 2).

Mutations in the SAND domain
The SAND domain is a conserved 80-amino acid se-
quence likely to mediate protein-protein interaction
and DNA binding [21,22]. A number of non-sense muta-
tions including the Finnish major and Sardinian mutations

10 Autoimmunity

Figure 2
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Exon 4
c.463G>A
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c.489dupC
c.515_516ins13
c.540delG

Exon 5
c.607C>T

Exon 6
c.661A>T
c.682G>T
c.748A>T
c.755C>T
c.769C>T
c.653-387G>A
c.653-1G>A
c.652+14C>T
c.789delC
c.653-6_653-4delTCC

Exon 14
c.1616C>T
c.1638A>T
c.1567-2A>G

Exon 7
c.834C>G
c.845dupC
c.798delC

Exon 8
c.892G>A
c.892G>T
c.901G>A
c.906T>A
c.905G>A
c.908G>C
c.913G>A
c.932G>A
c.934G>A
c.977C>A
c.977C>T
c.983G>A
c.879+1G>A
c.966_969dupCCTG
c.905_906delGT
c.931delT
c.958delC
c.967_979del13

Exon 10
c.1096-1G>A
c.1096-1G>C
c.1095+6G>A
c.1103dupC
c.1155dupA
c.1249dupC
c.1242_1243insA
c.1244_1245insC
c.1163_1164insA
c.1189delC
c.1193delC
c.1214delC
c.1249delC
c.1265delC
c.1236_1239dupGGCC

Exon 11
c.1322C>T
c.1336T>G
c.1347C>A
c.1370dupG
c.1295_1296insAC
c.1296delGinsAC
c.1314_1326del13ins2
c.1344delCinsTT
c.1344delC
c.1314_1326del13ins2
c.1296delGinsAC
c.1344delCinsTT

Exon 12
c.1411C>T
c.1400+1G>A
c.1450G>A

N C
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The AIRE protein with its functional domains and reported mutations. AIRE harbors four major subdomains: the homogeneously staining region or
caspase recruitment domain/homodimerisation domain (CARD/HSR, amino acids 1–105); the SAND domain (for Sp100, AIRE-1, NucP41/75 or
NucP41/75, DEAF-1, amino acids 181–280); and two plant homeodomain (PHD) fingers type zink fingers (amino acids 296–343 and 434–475). In
addition, the AIRE protein contains four LXXLL domains that are found on coactivators of nuclear receptors (amino acids 7–11, 63–67, 414–418,
516–520) and a nuclear localization signal (amino acids 100–189). AIRE acts in a multiprotein complex and was early recognized as an
transcription factor as it localizes to the cell nucleus. The function of the different domains of AIRE is given in the boxes below. Non-sense
mutations are given in bold italic and the mutations acting in a dominant manner is highlighted in red. Gross deletions and gross insertions are
not included in the figure.

Table 1

Mutations in the AIRE gene organized by type of mutation [7]

Type of mutation Number of mutations reported

Missens/nonsense 54
Splicing 14
Regulatory 2
Small deletions 20
Small insertions 15
Small indels 6
Gross deletions 5
Gross insertions 1

Total 117

Current Opinion in Immunology 2016, 43:8–15 www.sciencedirect.com
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classical, autosomal-recessive APS1. This could be because
the AIRE tetramers still have some residual activity, and/or
that some pure WT AIRE tetramers were still formed and
were sufficient to induce some level of self-tolerance. More-
over, the extent of the dominant effect seemed to depend
on which residue is mutated. Our results suggested that muta-
tions in residues 302 and 311 resembled more classical APS-1
than other mutations, although we observed large diversity
within the two families with p.C311Y studied here.

The genetic contribution of AIRE to autoimmune diseases
other than APS-1 has been studied by us and others, but in
most cases only SNPs or a few common mutations are
analyzed, thereby overlooking rare mutations or large deletions
(Jin et al., 2007; Pforr et al., 2006; Thomson et al., 2007; Török
et al., 2004; Turunen et al., 2006; Vaidya et al., 2000). Although
some heterozygous mutations in AIRE are associated with
autoimmunity in single patients, a dominant-negative effect
on AIRE function was not considered in these cases. Here,

we demonstrated that the heterozygous variants observed in
the families as well as other mutations analyzed within AIRE
exon 8 had an inhibitory effect on AIRE-mediated transcription.
This contrasts to classical APS-1 with recessive inheritance
and early presentation (mean age 9.1 years, 90% develop all
three components by age 20 years) (Wolff et al., 2007). Organ-
specific autoimmunity in the heterozygous cases presented
later (mean age 24.4 years, n = 12) and progressed more
slowly, fewer patients developed the diagnostic dyad, and
the penetrance was incomplete. This is reminiscent of auto-
immune lymphoproliferative syndrome, which shows 60%
penetrance among family members harboring the same hetero-
zygous gene mutation (Price et al., 2014), or to the incomplete
penetrance seen in families carrying heterozygous CTLA4
mutations (Kuehn et al., 2014). More importantly, the unusual
heterozygous cases might not even be recognized as APS-1
because many patients masqueraded as common types of or-
gan-specific autoimmunity in one or several organs. Thus, the
original classification of APS-1 as a strictly autosomal-reces-
sive disease (with one exception [Cetani et al., 2001]) is obso-
lete. Instead, we propose that APS-1 exists in two forms: (1)
‘‘classical,’’ characterized by recessive inheritance, presence
of at least two of three main components, and interferon anti-
bodies; and (2) ‘‘non-classical,’’ characterized by dominant het-
erozygous mutations mainly in AIRE’s PHD1 zinc finger and a
milder, less penetrant autoimmune phenotype. Families with
dominant clustering of organ-specific autoimmunity, especially
when pernicious anemia and/or vitiligo manifests at early age,
might have such mutations, although the clinical phenotype
might be expanded when larger materials are investigated.
Furthermore, it is reasonable to assume that mutation carriers
have a significant risk for polyendocrinopathy, which should
be reflected in their follow-up programs. Moreover, autoanti-
bodies against interferons, hallmarks of classical APS-1, were
much less prevalent in the non-classical form, probably reflect-
ing some residual AIRE function at least for some of the PHD1
mutations.
Because deep DNA sequencing of thousands of different pa-

tients was beyond the scope of the current study, we cannot
provide accurate estimates of the prevalence of non-classical
APS-1 because a population cohort with autoimmune pheno-
types was not available. Based on our own data and publicly
available databases representing healthy individuals and pa-
tients with various non-autoimmune conditions in different
ethnic groups, a conservative estimate puts dominant AIRE
mutations at a genotype frequency of one to two persons per
thousand in the general population, not restricted to Scandina-
via as indicated in literature reports (Cervato et al., 2010;
Ferrera et al., 2007; Stolarski et al., 2006; Vogel et al., 2001).
However, further studies are needed to establish the preva-
lence and risk associated with mutations in the PHD1 domain
in larger populations.
In conclusion, this study demonstrates that AIRE mutations

associate with common organ-specific autoimmunity with a var-
iable phenotype ranging from classical APS-1 to a non-classical
form that mimics common organ-specific autoimmunity. Finally,
our study provides important insights into the molecular mode of
action of the AIRE protein and highlights unique structural prop-
erties that are required for AIRE’s biological activity.

Figure 4. The AIRE PHD1 Domain
(A) Pedigrees of families with p.C311Y (family B), p.V301M (family C), p.P326L

(family F), and p.G305S (family G) AIRE alterations.

(B) The AIRE protein with its different domains. The mutations investigated in

this study are shown, color-coded for dominant (red) and recessive (black).

The AIRE PHD1 is shown, together with cake diagrams, each representing one

patient depicting clinical manifestations and autoantibodies.

See also Table S1.
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classical, autosomal-recessive APS1. This could be because
the AIRE tetramers still have some residual activity, and/or
that some pure WT AIRE tetramers were still formed and
were sufficient to induce some level of self-tolerance. More-
over, the extent of the dominant effect seemed to depend
on which residue is mutated. Our results suggested that muta-
tions in residues 302 and 311 resembled more classical APS-1
than other mutations, although we observed large diversity
within the two families with p.C311Y studied here.

The genetic contribution of AIRE to autoimmune diseases
other than APS-1 has been studied by us and others, but in
most cases only SNPs or a few common mutations are
analyzed, thereby overlooking rare mutations or large deletions
(Jin et al., 2007; Pforr et al., 2006; Thomson et al., 2007; Török
et al., 2004; Turunen et al., 2006; Vaidya et al., 2000). Although
some heterozygous mutations in AIRE are associated with
autoimmunity in single patients, a dominant-negative effect
on AIRE function was not considered in these cases. Here,

we demonstrated that the heterozygous variants observed in
the families as well as other mutations analyzed within AIRE
exon 8 had an inhibitory effect on AIRE-mediated transcription.
This contrasts to classical APS-1 with recessive inheritance
and early presentation (mean age 9.1 years, 90% develop all
three components by age 20 years) (Wolff et al., 2007). Organ-
specific autoimmunity in the heterozygous cases presented
later (mean age 24.4 years, n = 12) and progressed more
slowly, fewer patients developed the diagnostic dyad, and
the penetrance was incomplete. This is reminiscent of auto-
immune lymphoproliferative syndrome, which shows 60%
penetrance among family members harboring the same hetero-
zygous gene mutation (Price et al., 2014), or to the incomplete
penetrance seen in families carrying heterozygous CTLA4
mutations (Kuehn et al., 2014). More importantly, the unusual
heterozygous cases might not even be recognized as APS-1
because many patients masqueraded as common types of or-
gan-specific autoimmunity in one or several organs. Thus, the
original classification of APS-1 as a strictly autosomal-reces-
sive disease (with one exception [Cetani et al., 2001]) is obso-
lete. Instead, we propose that APS-1 exists in two forms: (1)
‘‘classical,’’ characterized by recessive inheritance, presence
of at least two of three main components, and interferon anti-
bodies; and (2) ‘‘non-classical,’’ characterized by dominant het-
erozygous mutations mainly in AIRE’s PHD1 zinc finger and a
milder, less penetrant autoimmune phenotype. Families with
dominant clustering of organ-specific autoimmunity, especially
when pernicious anemia and/or vitiligo manifests at early age,
might have such mutations, although the clinical phenotype
might be expanded when larger materials are investigated.
Furthermore, it is reasonable to assume that mutation carriers
have a significant risk for polyendocrinopathy, which should
be reflected in their follow-up programs. Moreover, autoanti-
bodies against interferons, hallmarks of classical APS-1, were
much less prevalent in the non-classical form, probably reflect-
ing some residual AIRE function at least for some of the PHD1
mutations.
Because deep DNA sequencing of thousands of different pa-

tients was beyond the scope of the current study, we cannot
provide accurate estimates of the prevalence of non-classical
APS-1 because a population cohort with autoimmune pheno-
types was not available. Based on our own data and publicly
available databases representing healthy individuals and pa-
tients with various non-autoimmune conditions in different
ethnic groups, a conservative estimate puts dominant AIRE
mutations at a genotype frequency of one to two persons per
thousand in the general population, not restricted to Scandina-
via as indicated in literature reports (Cervato et al., 2010;
Ferrera et al., 2007; Stolarski et al., 2006; Vogel et al., 2001).
However, further studies are needed to establish the preva-
lence and risk associated with mutations in the PHD1 domain
in larger populations.
In conclusion, this study demonstrates that AIRE mutations

associate with common organ-specific autoimmunity with a var-
iable phenotype ranging from classical APS-1 to a non-classical
form that mimics common organ-specific autoimmunity. Finally,
our study provides important insights into the molecular mode of
action of the AIRE protein and highlights unique structural prop-
erties that are required for AIRE’s biological activity.

Figure 4. The AIRE PHD1 Domain
(A) Pedigrees of families with p.C311Y (family B), p.V301M (family C), p.P326L

(family F), and p.G305S (family G) AIRE alterations.

(B) The AIRE protein with its different domains. The mutations investigated in

this study are shown, color-coded for dominant (red) and recessive (black).

The AIRE PHD1 is shown, together with cake diagrams, each representing one

patient depicting clinical manifestations and autoantibodies.

See also Table S1.
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milder effect on transcription and localization, possibly by
changing binding sites for protein-protein interactions
[20]. p.Y85C is also located on the surface and close to
p.K83E [20] which might explain the milder phenotype
observed in Persian Jews. It is plausible that the other
mutations in this domain act in a similar manner
(Figure 2).

Mutations in the SAND domain
The SAND domain is a conserved 80-amino acid se-
quence likely to mediate protein-protein interaction
and DNA binding [21,22]. A number of non-sense muta-
tions including the Finnish major and Sardinian mutations
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Current Opinion in Immunology

The AIRE protein with its functional domains and reported mutations. AIRE harbors four major subdomains: the homogeneously staining region or
caspase recruitment domain/homodimerisation domain (CARD/HSR, amino acids 1–105); the SAND domain (for Sp100, AIRE-1, NucP41/75 or
NucP41/75, DEAF-1, amino acids 181–280); and two plant homeodomain (PHD) fingers type zink fingers (amino acids 296–343 and 434–475). In
addition, the AIRE protein contains four LXXLL domains that are found on coactivators of nuclear receptors (amino acids 7–11, 63–67, 414–418,
516–520) and a nuclear localization signal (amino acids 100–189). AIRE acts in a multiprotein complex and was early recognized as an
transcription factor as it localizes to the cell nucleus. The function of the different domains of AIRE is given in the boxes below. Non-sense
mutations are given in bold italic and the mutations acting in a dominant manner is highlighted in red. Gross deletions and gross insertions are
not included in the figure.

Table 1

Mutations in the AIRE gene organized by type of mutation [7]

Type of mutation Number of mutations reported

Missens/nonsense 54
Splicing 14
Regulatory 2
Small deletions 20
Small insertions 15
Small indels 6
Gross deletions 5
Gross insertions 1

Total 117

Current Opinion in Immunology 2016, 43:8–15 www.sciencedirect.com

Mutant	
  
+	
  

Mutant	
  

FoncXon	
  de	
  AIRE	
  	
  

Autoimmunité	
  

APS1	
   AI	
  spé	
  d’organe	
  

PHD1-­‐m	
  
+	
  
WT	
  

WT	
  
+	
  
WT	
  

sain	
  



Syndrome	
  IPEX	
  
Immunodeficiency,	
  polyendocrinopathy	
  ,	
  enteropathy	
  X-­‐linked	
  

très	
  rare:	
  150	
  cas	
  

lié	
  à	
  l’X	
  

mutaJons	
  du	
  gène	
  FOXP3	
  (70)	
  

manifestaJons	
  cliniques	
  	
  NN	
  

pronosJc	
  sévère	
  

à entéropathie	
  +	
  DT1	
  précoce	
  
	
  

IPEX-­‐like:	
  mutaJon	
  IL2-­‐RA	
  

8 www.thelancet.com/diabetes-endocrinology   Published online July 26, 2016   http://dx.doi.org/10.1016/S2213-8587(16)30095-X

Review

recessive, and X-linked conditions will often be 
sporadic.27,34,35,52

Genetic testing should be considered when auto immune 
disease is diagnosed atypically early, for example when 
diabetes is diagnosed before the age of 6 months,51 or when 
two or more autoimmune conditions present in early 
childhood. For example, the median age at presentation of 
autoimmunity in individuals with monogenic disease 
ranges from 2 weeks to 3·3 years (table 2). By contrast, the 
median age at diagnosis of polygenic type 1 diabetes is 
10 years, and autoimmune thyroidism generally presents 
between the ages of 20 and 50 years (table 1).

Until recently, genetic testing has predominantly relied 
on Sanger sequencing. Although robust and accurate, 
this analysis is relatively slow and expensive because 
single genes are tested in sections (by exon) and 
sequentially. This approach is problematic for disorders 
such as those described in this Review in which extensive 
overlap in phenotype exists both within and between 
genetic aetiologies. The recent adoption of massively 
parallel next-generation sequencing (NGS) by diagnostic 
laboratories has revolutionised the way in which we can 
now screen for these disorders.75 NGS allows for the 
targeted analysis of a panel of genes within a single 
reaction. This advantage means that for genetically and 
phenotypically heterogeneous disorders, such as 
monogenic autoimmune diseases, detailed previous 
knowledge of the patient’s phenotype is no longer 
required to guide the order of genetic testing.

NGS technologies have reduced the cost of genetic 
testing by a factor of 100–200 in the last 5 years; the cost 
of sequencing an entire human genome is now similar to 
the cost of a single gene test.76 As genetic testing 

continues to decrease in price and analysis methods 
improve, genetic testing will become more accessible to 
larger numbers of individuals with suspected monogenic 
autoimmunity. Moreover, current research eff orts are 
focused on characterising the genetics and phenotypic 
features of individuals with mutations in the known 
genes as well as searching for novel aetiologies. 
Consequently, opportunities exist for individuals with 
suspected monogenic autoimmunity to enrol in research-
funded studies (appendix). This is particularly important 
for individuals from developing countries where there is 
limited aff ordable access to genetic testing.

Disparities in genetic testing worldwide will have 
resulted in a gross underestimation of the true incidence 
of monogenic autoimmune endocrine disease. For 
example, many countries with reduced access to genetic 
testing have an increased incidence of recessively 
inherited disease due to the high prevalence of 
consanguineous unions.77 As four of the known 
monogenic multiple autoimmune diseases are 
recessively inherited, it seems likely that these disorders 
will be genetically undiagnosed in many individuals 
from these regions of the world. Moreover, the severity 
and complexity of disease observed in many of these 
disorders means that in countries without an adequate 
health-care system many individuals are likely to die 
before a diagnosis is made, which will also result in an 
under-reporting of these conditions.

 A genetic diagnosis provides important knowledge of 
recurrence risk, which will inform family planning 
decisions, facilitate pre-implantation genetic testing, 
and allow accurate prenatal screening. Crucially, 
identifying the underlying genetic aetiology also allows 
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Figure 2: Major manifestations of fi ve monogenic causes of multiple autoimmune endocrine disease
Although there is considerable overlap in phenotype associated with each genetic subgroup, the prevalence of each disease varies and hallmark features exist for each of the disorders. *Refers to the 
phenotype at age 30 years .
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in the periphery, a process that is influenced by the 
gene encoding protein tyrosine phosphatase non-
receptor type 22 (PTPN22) and other genes associ-
ated with autoimmunity.36

Overall, these processes of selection and regu-
lation of T and B cells are controlled by cell-signal-
ing events that are normally active within a range 
of potency that may vary among persons and 
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Figure 1. Central and Peripheral Tolerance Mechanisms in the Adaptive Immune System.

Selection against self-reactivity in developing T cells occurs in the thymus, where more than 98% of developing thymocytes die from 
apoptosis because of excessive reactivity to self-peptides bound to major histocompatibility complex (MHC) molecules, followed by 
positive selection for functionally competent effector T cells (CD4+ and CD8+) that are released into the periphery. The expression of 
self-antigens in the thymus is genetically regulated by transcription factors, such as autoimmune regulator, or by genetic variation in 
self-antigens themselves (e.g., insulin). The production of peripheral regulatory T cells (Tregs) is also under genetic control, exemplified 
by the transcription factor FOXP3, the absence of which leads to severe autoimmunity. Alterations in genes affecting these various path-
ways may lead to quantitative as well as qualitative differences in the potential for self-reactivity of the repertoire of mature T-cell recep-
tors (TCRs). An analogous process of selection against self-reactivity by B cells occurs in the bone marrow, where self-reactivity is dra-
matically reduced as B cells transition out of the bone marrow into the peripheral B-cell population. Peripheral mechanisms for preventing 
self-reactivity also exist. In this context, Tregs play a key role in T cells, where genetic alterations in interleukin-2 pathways may influence 
the efficiency of Treg regulation. Multiple additional peripheral mechanisms contribute to keeping the immune response under control 
during the activation of both B and T cells in the peripheral immune system, including extensive cross-talk between T cells and B cells, 
as well as interactions with the innate immune system (not shown).
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recessive, and X-linked conditions will often be 
sporadic.27,34,35,52

Genetic testing should be considered when auto immune 
disease is diagnosed atypically early, for example when 
diabetes is diagnosed before the age of 6 months,51 or when 
two or more autoimmune conditions present in early 
childhood. For example, the median age at presentation of 
autoimmunity in individuals with monogenic disease 
ranges from 2 weeks to 3·3 years (table 2). By contrast, the 
median age at diagnosis of polygenic type 1 diabetes is 
10 years, and autoimmune thyroidism generally presents 
between the ages of 20 and 50 years (table 1).

Until recently, genetic testing has predominantly relied 
on Sanger sequencing. Although robust and accurate, 
this analysis is relatively slow and expensive because 
single genes are tested in sections (by exon) and 
sequentially. This approach is problematic for disorders 
such as those described in this Review in which extensive 
overlap in phenotype exists both within and between 
genetic aetiologies. The recent adoption of massively 
parallel next-generation sequencing (NGS) by diagnostic 
laboratories has revolutionised the way in which we can 
now screen for these disorders.75 NGS allows for the 
targeted analysis of a panel of genes within a single 
reaction. This advantage means that for genetically and 
phenotypically heterogeneous disorders, such as 
monogenic autoimmune diseases, detailed previous 
knowledge of the patient’s phenotype is no longer 
required to guide the order of genetic testing.

NGS technologies have reduced the cost of genetic 
testing by a factor of 100–200 in the last 5 years; the cost 
of sequencing an entire human genome is now similar to 
the cost of a single gene test.76 As genetic testing 

continues to decrease in price and analysis methods 
improve, genetic testing will become more accessible to 
larger numbers of individuals with suspected monogenic 
autoimmunity. Moreover, current research eff orts are 
focused on characterising the genetics and phenotypic 
features of individuals with mutations in the known 
genes as well as searching for novel aetiologies. 
Consequently, opportunities exist for individuals with 
suspected monogenic autoimmunity to enrol in research-
funded studies (appendix). This is particularly important 
for individuals from developing countries where there is 
limited aff ordable access to genetic testing.

Disparities in genetic testing worldwide will have 
resulted in a gross underestimation of the true incidence 
of monogenic autoimmune endocrine disease. For 
example, many countries with reduced access to genetic 
testing have an increased incidence of recessively 
inherited disease due to the high prevalence of 
consanguineous unions.77 As four of the known 
monogenic multiple autoimmune diseases are 
recessively inherited, it seems likely that these disorders 
will be genetically undiagnosed in many individuals 
from these regions of the world. Moreover, the severity 
and complexity of disease observed in many of these 
disorders means that in countries without an adequate 
health-care system many individuals are likely to die 
before a diagnosis is made, which will also result in an 
under-reporting of these conditions.

 A genetic diagnosis provides important knowledge of 
recurrence risk, which will inform family planning 
decisions, facilitate pre-implantation genetic testing, 
and allow accurate prenatal screening. Crucially, 
identifying the underlying genetic aetiology also allows 
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Figure 2: Major manifestations of fi ve monogenic causes of multiple autoimmune endocrine disease
Although there is considerable overlap in phenotype associated with each genetic subgroup, the prevalence of each disease varies and hallmark features exist for each of the disorders. *Refers to the 
phenotype at age 30 years .
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IPEX syndrome has helped point the way toward pursuing Treg
cells and their potential role in T1D pathogenesis (Figure 1).

APS2 Molecular Mechanisms
As outlined above, APS2 is not a single-gene disorder and has
a complex inheritance pattern. Certainly, one overarching reason
for multiple autoimmune phenotypes in these patients is related
to commonalities in genetic risk for the disease components. For
example, T1D, thyroiditis, and Addison’s disease all have had
disease risk mapped to the HLA, CTLA4, and PTPN22 genes
(Anderson, 2008). There are likely many other common genes
of APS2 that have yet to be robustly identified, again, due to
limitations in the numbers of patients that have been studied,
as discussed above. Similar to disease risk for isolated compo-
nents of APS2, the highest genetic risk maps to the HLA locus
with much lower risk conferred by non-HLA-linked genes such
as CLTA4 and PTPN22. Study of the HLA types in Addison’s
and T1D has demonstrated that many disease risk haplotypes
are shared between the disorders (Table 2). For example, the
DR3-DR4, DQ2-DQ8 haplotype is observed in over 30% of
Addison’s patients, which is also a risk haplotype for T1D (Yu
et al., 1999) (see Table 2). Further parsing of this haplotype has
determined that Addison’s patients commonly harbor the
DRB1*0404 subtype, which is also seen in T1D, but T1D subjects
that do not develop Addison’s often display the DRB1*0401
subtype. Part of this may be explained by recent work that has
suggested that the DRB1*404 allele can display epitopes of
adrenal 21-hydroxylase that DRB1*401 cannot (Bratland et al.,
2009).
Single nucleotide polymorphisms in the 30 untranslated region

of CTLA4 are associated with modest risk for thyroidits (odds
ratio 1:5) and slight risk for T1D (odds ratio 1:15). To further
explore the potential relationship of this gene to APS2, one
recent study examined a large cohort of T1D patients (>4,000)
and examined them for an association of thyroid autoantibodies
and the frequency of the CTLA4 risk polymorphism (Howson
et al., 2007). The authors found evidence for a stronger associa-
tion of the CTLA4 risk polymorphism in T1D patients that had
detectable thyroid autoantibodies than those that did not.
Interestingly, despite PTPN22 being reported as a risk gene for

both T1D and thyroiditis, there was no observable association
in this study. In contrast, another report had suggested that
the association of CTLA4 polymorphisms with T1D may be due
to the subset of the T1D patients that also were developing
thyroiditis (Ikegami et al., 2006). This was because no observable
risk was associated withCTLA4 in the subset of patients that had
T1D without thyroiditis. The differences in the studies may be
explained by the differences in patient populations and also
the clear data showing a weaker association of T1D with CTLA4.
A potential overlapping phenotype with APS2 are subsets of

patients that have vitiligo and autoimmunity. Many of these
patients develop thyroiditis, T1D, and Addison’s disease. Within
families that have this pattern, it appears that inheritance of
vitiligo is particularly strong when compared to the other autoim-
mune phenotypes. Because of this, there have been large-scale
efforts to map genetic risk in families that have vitiligo with other
autoimmune features, and recently, the NALP1 gene was re-
ported to have an association (Jin et al., 2007). NALP1 is likely
to play an important role in innate immune sensing, and there
is also evidence of association of this gene with Addison’s and
T1D (Magitta et al., 2009).
In addition to genetic approaches in APS2, there have been

functional studies onperipheral blood lymphocytes frompatients
with the disorder. One recent study found that APS2 subjects
harbored a defect in the suppressive function of CD4+CD25+

Treg cells, but not in their frequency ormarker expression pattern
(Kriegel et al., 2004). Unlike the study from the Buckner group on
T1D patients, this study mapped the defect directly to the Treg
cell population. Another group reported a defect in activation-
induced cell death and caspase-3 function in lymphocytes
from APS2 subjects, suggesting that a dysregulation of AICD
could be in play in the disorder (Vendrame et al., 2006). In both
cases, further studywill be needed to confirm these observations
and their molecular underpinnings but, again, may help
strengthen connections to T1D pathogenesis (Figure 1).

Future Opportunities and Conclusion
Despite the genetics of APS1 and IPEX being defined, there is
still much that can learned from these patients in regards to
T1D. For example, now that we understand that a major defect
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Figure 1. Autoimmune Polyendocrine
Syndrome Clues to Type 1 Diabetes
Pathogenesis
Shown is a schematic of central and peripheral
immune tolerancemechanisms that have been un-
raveled or suggested in the study of autoimmune
polyendocrine syndrome (APS) on the left and
correlates to potential tolerance mechanisms
found in type 1 diabetes (T1D) on the right. Work
on APS has been especially helpful in identifying
pathways (arrows) that control immune tolerance,
such as the activity of Aire in the thymus to drive
tissue-specific self-antigen expression and nega-
tive selection. APS-related defects in these path-
ways have been identified in both the central and
peripheral lymphoid organs (see text for further
details), and this has helped frame our under-
standing of tolerance mechanisms that have
been identified or suggested in the pathogenesis
of T1D (right).
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of  36.5-40.5 years. T1D was also the first component 
disease of  adult PAS in half  of  the patients (48.3%), 
whereas Graves’ disease (19.2%), Hashimoto’s thyroiditis 
(17.2%), Addison’s disease (14.6%) and vitiligo (12.6%) 
were less likely to be the first component disease. The 
predominant frequency of  the coexistence of  T1D and 
AITD was confirmed in our large collective. The time 
interval between manifestations of  the first and second 

endocrinopathies varied considerably, with the longest 
time intervals between T1D and AITD, and a short time 
interval between Addison’s disease and AITD[105]. 

GENETICS Of ThE ADULT pAS TYpES Ⅱ-
Ⅳ
Unlike the 1:1 gender ratio of  isolated T1D and PAS type 
Ⅰ, there is a clear female bias of  3:1 in adult PAS, with 
a prevalence of  1:20000[13,104,106]. The incidence of  adult 
PAS is approximately 1:100000/year and has a peak in 
the third or fourth decade of  life. For a majority of  the 
glandular autoimmune disorders, common susceptibility 
genes have been identified, including polymorphisms 
in protein tyrosine phosphatase non-receptor type 22, 
cytotoxic T lymphocyte antigen 4 (CTLA-4), MHC 
class Ⅰ polypeptide-related sequence A, and HLA 
(Table 4, Figure 2). Thus, the association of  endocrine 
autoimmune diseases is primarily due to a common 
genetic predisposition. The HLA class Ⅱ haplotypes 

DRB1*03-DQA1*0501-DQB1*0201 and DRB1*04-
DQA1-0301-DQB1*0302 have been reported to be 
associated with isolated T1D as well as with T1D within 
the scope of  adult PAS[10,107]. This joint susceptibility for 
both T1D and AITD has been demonstrated in both 
Caucasians and in Asians[108-112]. CTLA-4 A/G49 single 
nucleotide polymorphisms (SNP) confer susceptibility 
to PAS type Ⅲ[113,114]. In particular, the CTLA-4 SNP 
rs3087243 (+ 6230 G > A) variant seems to predispose 
patients to a combined manifestation of  T1D and 
Graves’ disease[115]. The 1858 C→T substitution in the 
protein tyrosine phosphatase non-receptor type 22 gene 
is associated with AITD, isolated T1D and PAS type Ⅲ 
and the G1,123C SNP is associated with T1D and AITD 
in Asians[116-119]. Additionally, a SNP in the forkhead box 
P3 (FOXP3) gene on the arm of  the X chromosome has 
been associated with increased susceptibility to PAS type 
Ⅲ in Caucasians[113]. A mutation in FOXP3 has also been 
shown to be the susceptibility gene in the extremely rare 
immunodysregulation, polyendocrinopathy, enteropathy, 
X-linked (IPEX) syndrome[120]. Typically, T1D is 
associated with severe enteropathy, hypothyroidism and 
autoimmune skin diseases such as psoriasis, neurodermitis 
and psoriasis vulgaris[121]. There is a large variability in the 
organs affected by the additional autoimmune diseases 
in the severe IPEX syndrome and many patients die in 
infancy. Because FOXP3 plays an important role in the 
function of  regulatory T cells, a recent study suggested a 
similar CD25-correlated pathogenesis in isolated T1D and 
T1D within the context of  the IPEX syndrome (Table 
5)[122,123].

CONCLUSION
In isolation as a monoglandular disease, or within the 
larger context of  PAS, the manifestation of  T1D justifies 

an extensive serologic and functional screening for 
additional autoimmune glandular and gastrointestinal 
diseases both in patients with T1D of  recent onset as 
well as every two years during patient follow-up (Figure 3). 
In particular, in families with clustering of  T1D patients 
or in families of  patients with PAS, the risk for associated 
autoimmune diseases and endocrine or autoimmune 
involvement of  the first-degree relatives is significantly 
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Table 4  Odds ratio of susceptibility genes for autoimmune 
endocrinopathies[117,144-160]

T1D HT GD AD

HLA-DR3 3.5 3.7 2-4 5
MICA 1.6 2.5 2 7
PTPN22 1.8 1.6 1.6 1.5
CTLA-4 1.5 5 1.5 1.8

AD: Addison’s disease; CTLA-4: Cytotoxic T lymphocyte antigen 4; 
GD: Graves’ disease; HLA: Human leukocyte antigen; HT: Hashimoto’s 
thyroiditis; MICA: MHC class I polypeptide-related sequence A; PTPN22: 
Protein tyrosine phosphatase non-receptor type 22; T1D: Type 1 diabetes.

FOXP3

CTLA-4
PTPN22

TCR CD 28

B7 B7
HLA-DR

T cell

APC

Antigene

Figure 2  Immunologic synapse. This schematic depicts T cell activation and 
how it is influenced by expression of common susceptibility genes. Shared 
susceptibility genes for autoimmune thyroid disease and type 1 diabetes 
are involved in the immunological synapse. HLA-DR molecules present 
autoantigens to T cells, CTLA-4 expression suppresses T cell activation, 
PTPN22 expression negatively influences the T cell receptor (TCR) signaling 
pathway and FOXP3 expression regulates the differentiation of regulatory T 
cells (modified according to ref.[124]). APC: Antigen presenting cell; CTLA-4: 
Cytotoxic T lymphocyte antigen 4; HLA: Human leukocyte antigen; PTPN22: 
Protein tyrosine phosphatase non-receptor type 22; FOXP3: Forkhead box 
protein P3.
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sion of autoimmunity. Whether H. pylori could trigger autoim-
mune gastritis or not remains controversial. However, should
this be the case, H. pylori eradication could prevent autoimmune
gastric disease. Currently, it is recommended that H. pylori in-
fection should be tested and treated in patients with gastric at-
rophy, intestinal metaplasia/dysplasia, and hypo- or
achlorhydria.

Predisposing Factors

Accurate prediction of autoimmune diseases (autoimmune gas-
tritis) using antibodies (PCA and AIF), and demographic (age,
gender) and genetic [human leukocyte antigen (HLA) class II,
cytotoxic T lymphocyte-associated protein 4, others] risk factors
might help to prevent these diseases. Primary prevention includes
avoiding those environmental factors (H. pylori) that might trig-
ger the disease. Secondary prevention consists of modulating the
destructive process (CD4! T cells mediating oxyntic gland at-
rophy) before the onset of clinical symptoms [iron deficiency,
pernicious anemia, and (pre)malignant gastric lesions]. How-
ever, at present, there is no consensus on whom to screen or at
what frequency.

Demographic factors
Advancing age is a risk factor that has been associated with

PCA positivity. In the general population, PCA positivity in-
creases from 2.5% in the third decade to 12% in the eighth
decade (1, 2). In type 1 diabetic patients, PCA are present in
10–15% of children and 15–25% of adults (41). Some authors
(4, 35) report a female preponderance for PCA positivity, al-
though this has not been consistently observed (37, 41).

Endocrine and immunological factors
Autoimmune gastritis is frequently accompanied by other au-

toimmune diseases, including type 1 diabetes (5) and autoim-
mune thyroid disease (Hashimoto’s thyroiditis and Graves’ dis-
ease) (6, 38, 56). Autoimmune gastritis is also part of the
autoimmune polyglandular syndrome type 3 (57). Pernicious
anemia occurs in up to 4% of type 1 diabetic patients (5, 40),

2–12% of patients with autoimmune thyroid disease (6, 58), 6%
of those with Addison’s disease, 9% of those with primary hy-
poparathyroidism, and 3–8% of those with vitiligo (1) (Fig. 3).

In patients with type 1 diabetes, immunological risk factors
that have been associated with PCA positivity include persistent
islet cell antibody positivity (35, 36), glutamic acid decarboxyl-
ase-65 antibody positivity (41, 59), and thyroid peroxidase au-
toantibody positivity (41, 59). The association with glutamic
acid decarboxylase-65 antibodies might be explained by the fact
that glutamate decarboxylase-65 is not only present in the pan-
creas and brain but can also be found in the thyroid gland and
stomach. PCA are more frequent in type 1 diabetic patients than
in their first-degree relatives, even after HLA matching, suggest-
ing that the diabetic condition itself plays an important role (60).

PCA can be found in 22% of patients with Graves’ disease and
32–40% of those with autoimmune hypothyroidism (61–64).
Pernicious anemia is present in 2% of patients with Graves’ dis-
ease and 4–12% of those with Hashimoto’s thyroiditis (6, 61,
62). Moreover, up to 50% of patients with autoimmune gastritis/
pernicious anemia show thyroid peroxidase autoantibodies (21,
62). These results support the recommendation of screening pa-
tients with autoimmune thyroid disease for autoimmune gastri-
tis. The close association between autoimmune thyroid disease
and autoimmune gastritis suggests an immunological cross-re-
action. In this respect, one group found a homologous 11-residue
peptide in thyroid peroxidase and the gastric parietal cell anti-
gen, the H!/K!ATPase (65).

Immunogenetic factors
A genetic predisposition to autoimmune gastritis/pernicious

anemia has been suggested by its familial occurrence, and the
presence of PCA and autoimmune gastritis in 20–30% of rela-
tives of patients with pernicious anemia (1, 5, 58).

HLA haplotypes can partly determine the tissue to which an
autoimmune process develops. However, the evidence of a link
between pernicious anemia and particular HLA haplo/genotypes
is weak. Associations of pernicious anemia with HLA DR4, with
DR2 (66, 67) and DR5 haplotypes (5), have been reported. In
type 1 diabetic patients, a weak association between PCA pos-

FIG. 2. Prevalence of PCA in type 1 diabetes. !, Positive; f, female; m,
male.

Fig. 3. Prevalence of PCA, AIF, autoimmune gastritis, and pernicious
anemia in the general population and endocrine diseases. !, Positive; Ab,
; t1DM, type 1 diabetes mellitus.
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62). Moreover, up to 50% of patients with autoimmune gastritis/
pernicious anemia show thyroid peroxidase autoantibodies (21,
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tients with autoimmune thyroid disease for autoimmune gastri-
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6-fold increased gastric cancer risk, ranging from 0.9–9% (11,
32, 34, 46–48).

Pathogenesis

The target autoantigens in autoimmune gastritis are the 100-kd
catalytic !-subunit and the 60- to 90-kd glycoprotein "-subunit
of the gastric H!/K!ATPase (49, 50). Autoantibodies to the PCA
and to their secretory product, intrinsic factor, are present in the
serum and in gastric juice. The titer of PCA correlates with the
severity of corpus atrophy and is inversely proportional to the
concentration of parietal cells (21, 29). CD4! T cells recognizing
parietal cell H!/K!ATPase mediate autoimmune gastritis. Dur-
ing normal cell turnover, parietal cells release H!/K!ATPase,
which may result in its selective uptake and processing by anti-

gen-presenting cells (51). Alternatively, Helicobacter pylori in-
fection may play an initiating role in the pathogenesis of auto-
immune gastritis and pernicious anemia (52–55) by inducing
autoreactive T cells through gastric H!/K!ATPase-H. pylori
molecular mimicry at the T-cell level (53, 54), epitope spreading,
and bystander activation. B cells produce autoantibodies to gas-
tric H!/K!ATPase and to their secretory product, intrinsic fac-
tor with help from activated CD4! T cells (50). Finally, parietal
cell loss from the gastric mucosa may result from CD4! T cells
initiated perforin-mediated cytotoxicity or Fas-FasL apoptosis
(55).

Regardless of whether PCA are pathogenic or not, their pres-
ence provides a convenient diagnostic probe for autoimmune
atrophic gastritis. A precise understanding of the pathogenesis of
autoimmunity may lead to rational therapeutic strategies di-
rected toward restoration of tolerance or impeding the progres-

FIG. 1. Schematic presentation of manifestations of autoimmune gastropathy.
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Extraintestinal manifestations
Anaemia
Anaemia as an extraintestinal manifestation of coeliac 
disease is the second most frequent mode of presentation 
in adults, occurring in ~15% of adults with the dis order.16,17 
However, in children (≤18 years of age) coeliac-disease-
associated anaemia is less common and accounts for ~3% 
of individuals, according to a large study conducted in 
2011.18 In this study, recurrent abdominal pain, growth 
issues and the screening of high-risk groups most com-
monly led to the diagnosis of coeliac disease in children.18 
In adults, the most common symptom upon presentation 
is diarrhoea, which develops in ~40% of patients, although 
some of these patients can have anaemia as well. Overall, 
~20% of the patients seen in one centre had anaemia at the 
time of presentation (17% of men and 22% of women).19 
Iron deficiency is the most commonly recognized cause of 
anaemia in patients with coeliac disease, followed by folate 
and vitamin B12 deficiencies, which are also common at 

Key points

 ■ Coeliac disease is often accompanied by extraintestinal manifestations, which 
can be the result of aberrant immune responses but also malabsorption

 ■ These concurrent conditions can affect various systems and organs, and 
include manifestations in the skin, musculoskeletal and central nervous system

 ■ Anaemia, osteoporosis, dermatitis herpetiformis and gluten ataxia are among 
the most commonly seen characteristics

 ■ In the paediatric population, coeliac disease can lead to severe growth 
disorders, such as short stature and delayed puberty due to hypogonadism

the time of diagnosis.19 Each deficiency occurs, in the 
absence of anaemia, in 33%, 10% and 8% of men and in 
19%, 13% and 4% of women, respectively.19 Macrocytic 
anaemia is unusual.19 Malabsorption of nutrients is not 
the only cause of anaemia in coeliac disease, the chronic 
inflammatory process in the intestine contributes as well.20 
‘Anaemia of chronic disease’ (a form of anaemia associ-
ated with inflammation) is seen in ~25% of patients with 
coeliac disease.20 

When patients with anaemia as the main reason for 
presentation in the clinic were compared to those who 
presented with diarrhoea only, patients with anaemia had 
evidence of more severe disease.21 These patients had a 
higher erythrocyte sedimentation rate, increased anti-
TG2 IgA levels, lower cholesterol levels and more severe 
degrees of villous atrophy and bone disease than patients 
without anaemia.21 This finding was surprising because 
it was expected that those with a diarrhoeal presenta-
tion would have a more severe disease. A severity index 
comparable to the one for IBD is not available for coeliac 
disease and symptoms such as diarrhoea cannot be used 
as severity indicators, in contrast to measurable indices 
such as haemoglobin levels, erythrocyte sedimentation 
rate and the degree of villous atrophy. Similar findings of 
severity were reported in a study involving patients with 
anaemia from India.22

The examination of patients with anaemia due to 
iron deficiency or other nutrient deficiencies for coeliac 
disease is a useful way to detect the condition, which 
might otherwise go undiagnosed. In a study from India, 
10% of patients with nutritional anaemia had coeliac 
disease.23 In the USA, endoscopic evaluation of patients 
with iron-deficiency anaemia revealed coeliac disease in 
8.7% of participants,24 and in 2.8% in another study.25 
Furthermore, differences are also apparent within pop-
ulations. For example, coeliac disease is increasingly 
prevalent in white populations of European descent, 
as opposed to nonwhite individuals: in one study, 
4% of white individuals who were iron-deficient had 
coeliac disease, compared to none of the iron-deficient, 
n onwhite individuals.26

Guidelines for gastroenterologists in the UK and USA 
suggest that all patients with iron-deficiency anaemia 
should be tested for coeliac disease.27,28 However, no 
such guidelines have been published for haematolo-
gists and a survey revealed little knowledge about the 
relevance of iron-deficiency anaemia for coeliac disease 
among haemato logists in the USA.29 Abnormal blood 
samples with evidence of microcytosis or anisocytosis 
might prompt a search for iron-deficiency anaemia and 
coeliac disease. In addition, low levels of HDL or total 
cholesterol can indicate the presence of coeliac disease 
in patients with iron-deficiency anaemia.30,31 Low choles-
terol levels probably result from malabsorption, whereas 
HDL production depends on the generation of apolipo-
protein A1 by the intestine, a major protein component 
of HDL. Another important clue that might indicate 
the presence of coeliac disease is the failure to respond 
to oral iron supplementation, compared with a brisk 
response to intravenous iron supplementation.
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Figure 1 | Extraintestinal manifestations of coeliac disease. Indigestible gluten 
fragments cause enterocytes to release the protein zonulin, which loosens tight 
junctions between enterocytes (1). Nonself antigens, including gluten, other food 
antigens and microorganism components gain access into the lamina propria and 
activate inflammatory cells to release cytokines (including IL-15) that cause innate 
immune inflammation (2). The enzyme TG2 released from damaged cells 
deamidates gluten fragments, making them more adapted to engage HLA DQ2/
DQ8 molecules expressed on the surface of antigen presenting cells (3). APCs 
present the nonself antigens to TH cells (4). TH cells initiate killer T cells to directly 
attack enterocytes (5). Activated inflammatory cells migrate to the intestinal 
epithelial cells causing local inflammation responsible for gastrointestinal 
symptoms and/or to other districts where they trigger inflammation responsible 
for extraintestinal symptoms (6). Abbreviations: APC, antigen-presenting cell; 
TG2, tissue transglutaminase 2; TH cells, T helper cells. Permission obtained 
from Macmillan Publishers Ltd © Fasano, A. Sci. Am. 301, 54–61 (2009).
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ogist and clinician is always the best course of action,
especially in cases that prove challenging. Additional clin-
ical information (eg, degree of adherence to gluten-free
diet, previous treatment for small intestinal bacterial over-
growth or Helicobacter pylori, the use of NSAIDs) pro-
vided to the pathologist may explain subtle histologic
changes and affect the clinical and histologic decision
points.

CLINICAL MANAGEMENT

The current basis of treatment remains the lifelong
adherence to a gluten-free diet. This means an avoidance
of wheat, rye, and barley (see Table 6 for other prohibited
grains). On the one hand, most patients are thrilled to hear
that the only treatment for most people is gluten avoid-
ance, but when all the hidden sources of gluten are re-
vealed and the issue of cross-contamination is discussed,
this can become an overwhelming challenge to patients
and their families. Consultation with a dietitian well-
schooled in advising celiac patients is imperative. Cur-
rently, a gluten-free diet is not advised for patients whose
only manifestation is a positive serology such as tTG or
EMA (eg, clinically asymptomatic with normal small-bowel
biopsies). These patients should be followed and undergo
repeat biopsy if symptoms develop.

Often patients will ask about screening family mem-
bers. As mentioned, screening children becomes more
reliable after the age of 5, but pediatric guidelines advise
that screening begin when there is adequate intake of
gluten-containing foods (usually around 2.5 years of
age).57,58 First-degree relatives probably should be screened,
and the risk has ranged from 5% to 11% in various stud-
ies.115,116 Rubio-Tapia et al116 found that the risk was great-
est among male siblings, almost half of whom had clini-
cally silent disease but rather severe villous atrophy on
biopsy. Not surprisingly, the risk of having celiac disease is
greatest among monozygotic twins (almost 75%), followed
by HLA-matched siblings (40%).117 First-degree relatives in
families with at least 2 affected siblings had a risk of celiac
disease of approximately 17%.118

Patients are cautioned to read all labels carefully be-
cause many foods contain additives that may contain glu-
ten (Table 6). Consumption of oats is limited to 50 to 60
g/day (2 oz) in patients with mild disease or patients who
have been on a stringent diet. The latter group should be
closely monitored for serologic and clinical evidence of
celiac disease when oats are introduced. Patients with
severe disease should avoid oats altogether. In the past,
oats were milled at factories that also processed wheat.
However, with the growing awareness of celiac sprue
and gluten sensitivity, oats are now frequently pro-
cessed at facilities that are gluten free. In addition, there
are studies that demonstrated conflicting results in pa-
tients consuming oats, from no differences in biopsy

Figure 4. A, Modified Marsh 3a. Duodenal mucosa showing increased
intraepithelial lymphocytes with mild villous blunting (H&E, orig.
mag. !200). B, Modified Marsh 3b. Duodenal mucosa showing in-
creased intraepithelial lymphocytes with moderate villous blunting
(H&E, orig. mag. !100). C, Modified Marsh 3c. Duodenal mucosa
showing increased intraepithelial lymphocytes with complete villous
atrophy (H&E, orig. mag. !100).
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3.2. Clinical symptoms of CD

A large proportion of patients reported gastrointestinal com-
plaints (45%). No differences were observed in CD related complaints
between men and women (P=0.30). To study differences in CD diag-
nosis in paediatric and adult T1DM patients, we compared patients
with CD diagnosis before 18 years (group A) with those with CD diag-
nosis at adult age (group B), see Table 1. Of the patients in group B,
48% reported CD related complaints for at least 5 years (Table 1). In
contrast, the majority (59%) of the patients diagnosed with CD in
childhood reported a duration of CD related complaints for less than
6 months. Overall, 33% of the patients reported CD related complaints
for a duration of longer than 5 years before CD diagnosis.

Twenty-eight percent of all patients did not report to have had any
CD related complaints (N=33) and were found by screening (Table 1).
Of these patients, 55% were diagnosed with CD before 18 years of age
and 45% thereafter (P=0.14).

The calendar year in which CD diagnosis (1969–2012) was made
in those T1DM patients was not related to the duration of CD related
complaints (P=0.78). Between the patients who were diagnosed

first with CD (n=10) or T1DM (n=108) no differences in type of
complaints or delay of CD diagnosis were observed (P=0.86 and
P=0.95).

3.3. Concomitant presence of other autoimmune diseases

In 28% of our patients with both T1DM and CD other accompanying
autoimmune diseases were present (Table 1). Autoimmune thyroiditis
was the most prevalent concomitant autoimmune disease, occurring
in 22% of the patients. Furthermore, systemic lupus erythomatosous,
vitiligo, rheumatoid arthritis, ulcerative colitis and sarcoidosis were
among the other concomitant diagnoses. No difference was observed
in the presence of other autoimmune diseases between men and
women in our population (21% versus 27%, respectively, P=0.66). No
difference inHLA-DQ typewas observed between patientswith another
autoimmune disease or without (P=0.43). Between the patients who
were diagnosed first with CD or T1DM, no differences in prevalence of
another autoimmune disease was observed (P=0.24). In the total
group at least one first degree relative was diagnosed with CD in 14%
and with T1DM in 23% of the patients.

3.4. HLA-DQ type

HLA-DQ typing was performed in 78% (N=92) of the T1DM+CD
patients. HLA-DQ2.5 heterozygositywas prevalent in 79% of the patients,
of which 30% were HLA-DQ2.5 homozygous and 21% HLA-DQ2.5/DQ8
heterozygous (Table 1). One T1DM+CD patient was negative for HLA-
DQ2.5 or HLA-DQ8 and this patient is carrier of HLA-DQ 2.2. No differ-
ences in HLA-DQ type were observed between the patients who were
first diagnosed with CD or T1DM (P=0.56).

4. Discussion

In the present study, a large proportion (48%) of our patients diag-
nosedwith CD in adulthood reported to have had CD related complaints
over 5 years before CD diagnosis was established. Furthermore, we
observed a bimodal distribution of the age of diagnosis of CD in T1DM
patients with a peak incidence at the age of 10 and 45 years. Women
are more prone to have both T1DM and CD and in women CD diagnosis
was made at a younger age.

Studies in the general population have shown that CD is often diag-
nosed after several years of clinical symptoms [21–23]. In our T1DM
population we found that a large part had reported CD related com-
plaints for more than 5 years before diagnosis. Although we did not as-
sess the rate of misdiagnosis of CD in our T1DM patients, previous
studies reported that in a large part of CD patients the diagnosis of
Irritable Bowel Syndrome was made prior to the correct diagnosis of
CD [24,25]. Here physician's delay might play a role as T1DM patients
are seen annually at the out-patient clinics. Testing IBS patients for
undetected coeliac disease using serology has been shown to be cost-
effective [26] and is clearly necessary in the individual patient with
T1DM. Our observed bimodal distribution of age of onset of CD in
T1DMpatients has been noted before in CD patients in the general pop-
ulation in the USA [23]. In their study the majority of CD patients were
diagnosed with CD in their fourth to sixth decades which is similar to
our findings in T1DM patients.

In general, the prevalence of autoimmune diseases is higher in
women than in men and the finding of our survey that 64% of the pa-
tients with both diseases were women is consistent with other reports.
It suggests that sex-linked genetic susceptibility might be involved in
the aetiopathogenesis of these diseases [27,28]. The rationale that
women are younger at CD diagnosis is as yet elusive, a different clinical
presentation or shorter duration of CD related complaints was not
observed in our study. So far, studies investigating patients with both
T1DM and CD revealed that those patients have a younger onset of
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Fig. 1. Scatterplot of the age of diagnosis of coeliac disease on the X-axis and the age of
diagnosis of type 1 diabetes mellitus on the Y-axis.
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Fig. 2. Graph of the age of diagnosis of coeliac disease and of type 1 diabetes mellitus.
Age of onset of type 1 diabetes mellitus is indicated in white bars and age of diagnosis
of coeliac disease is indicated in black bars.
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