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Introduction

Chronic, unexplained diarrhea in children younger than 3 
months old was first characterized as “intractable diarrhea” 
[1]. The term “protracted diarrhea” was used later to describe 
infants with frequent and loose stools severe enough to often 
require parenteral alimentation as nutritional support [2]. 
The differential diagnosis of enteropathies in infancy and 
childhood includes inherited epithelial and congenital trans-
port defects, enzymatic deficiencies and allergic enteropathy 
(Table 2.1).

The most frequent diagnosis in children with protracted 
diarrhea is autoimmune enteropathy (AIE)  [3, 4]. It is a 
rare, immune-mediated disorder starting usually within the 
first months of life. The age of onset is between 1 month 
and 5 years (median age 17 months) [5], but late-onset adult 
forms have been also reported [6–9]. The disease was first 
described by Walker-Smith et al. in 1982 in a male child with 
clinical features of coeliac disease and villous blunting un-
responsive to gluten-free diet [10] and represents a hetero-
geneous group of disorders rather than a discrete entity. The 
incidence is estimated at less than 1 in 100,000 infants. The 
diagnostic criteria are debatable but the presence of circulat-
ing anti-enterocyte antibodies and the lack of immunodefi-

ciency have been proposed as the hallmark features of AIE 
[5, 11]. The latter criterion has been challenged by clinical 
experience and better understanding of the immunology of 
autoimmunity and self-tolerance [12].

AIE is characterized by variable clinical expression, rang-
ing from isolated gastrointestinal involvement to severe sys-
temic disease [13, 14]. Patients diagnosed with the disease 
often exhibit extra-intestinal manifestations of autoimmu-
nity, in contrast to those with tufting enteropathy and micro-
villus inclusion disease [15]. Based on a genetic approach 
combined with immunological evaluation, three different 
forms of AIE have been proposed:

1.	 A predominately or isolated gastrointestinal form of AIE 
with typical anti-enterocyte antibodies in both sexes

2.	 A systemic X-linked form of AIE associated with dif-
ferent endocrinopathies, haematological symptoms and 
severe eczematous skin disease, known as immune dys-
regulation, polyendocrinopathy, AIE X-linked syndrome 
(IPEX) occurring only in males

3.	 An IPEX-like form, a priori FOXP3 independent occur-
ring in both sexes

IPEX and autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED) syndrome (APR-1/auto-
immune phenomena, polyendocrinopathy, candidiasis and 
ectodermal dystrophy) are systemic forms of AIE [16].

Clinical Presentation

Chronic, secretory diarrhea refractory to bowel rest that 
leads to dehydration, malabsorption and severe weight loss 
is the typical clinical presentation of AIE. Diarrhea usual-
ly begins between 2 and 4 weeks of age and the secretory 
component can be delayed for a few months [3, 11, 17]. The 
symptoms are often debilitating and the disease is potentially 
life threatening. The establishment of the diagnosis is cru-
cial in order to ensure optimal treatment. Patients typically 
require immunosuppressive therapies and total parenteral 
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nutrition (TPN) for hydroelectrolytic balance and nutritional 
support [18, 19].

Despite the fact that the mucosal abnormality is primarily 
confined to the small intestine, the term “generalized auto-
immune gut disorder” has been used to describe the asso-
ciation between AIE and autoimmune colitis [8]. Emerging 
evidence suggests that AIE can be a manifestation of a more 
diffuse autoimmune disorder of the gastrointestinal system, 
which comprises gastritis, colitis, hepatitis and pancreatitis 
with positivity of a variety of autoantibodies, including anti-
parietal, anti-goblet cell and anti-smooth muscle antibodies 
[6, 20–22].

Furthermore, the involvement of extra-intestinal organs 
can be present during the course of the disease. Multisystem 
extra-intestinal manifestations include endocrine, renal, pul-
monary, hematologic and musculoskeletal. Hypothyroidism 
with interstitial fibrosis and lymphocytic infiltration of the 
thyroid gland, nephrotic, nephritic syndrome and membra-
nous glomerulonephritis, interstitial pneumonopathy, peri-
portal fibrosis and bronchitis, haemolytic anaemia, rheu-
matoid arthritis and dermatitis/atopic eczema have all been 
reported [5, 11, 22, 23].

Thymus plays a key role in the deletion of potentially 
self-reactive clones of T cells. The association between AIE 
and thymoma has been described in both pediatric and adult 
patients and provides further evidence about the role of thy-
moma and the development of autoimmunity [24, 25].

Pathogenesis

The underlying immunologic and molecular mechanisms in 
AIE have not yet been fully elucidated and are widely debat-
able. However, it has been established that an autoimmune 
response is involved in the pathogenesis of the disease. Thy-
mus orchestrates a healthy immune system. The intrathymic 
maturation of T lymphocytes is crucial for the deletion of 
potentially self-reactive clones of T cells. The dysfunction of 
the thymus results in the non-deletion and presence of self-
reactive T cells that can induce the expansion of anti-self B 
cells [11, 26, 27].

In AIE, the gut is the site where the autoimmune reaction 
takes place and is mediated by the activation of self-reactive 
T cells locally, resulting in the typical histological lesions. 
In normal states, the expression of human leukocyte antigen 
(HLA) class II molecules on the enterocyte surface is crucial 
in establishing and maintaining the oral tolerance as the epi-
thelial cells present exogenous peptides to the clonotypic T 
cell receptors. The overexpression of HLA-DR antigens in 
enterocytes and the inappropriate expression of HLA class 
II molecules in the crypt epithelium of the proximal small 
intestine in children with AIE have been reported [15, 28].

An increase in the levels of cluster of differentiation CD4 
and CD8 lymphocytes in the lamina propria in subjects af-
fected by AIE provides further evidence that the T cells are 
involved in the pathogenesis of the disease [29, 30]. The 
intestinal T lymphocytes cause damage to the enterocytes 
by exerting direct cytotoxicity, via the production of lym-
phokines or through an antibody-dependent cytotoxicity 
resulting in cellular apoptosis [31–33]. The loss of the regu-
latory function of T lymphocytes and the activation of the 
immune system are implicated in the pathogenesis of IPEX 
syndrome, whereas AIE is partly attributed to a humoral im-
mune response with the presence of anti-enterocyte antibod-
ies [34].

A variety of circulating autoantibodies, such as antibod-
ies against gastric parietal cells, pancreatic islets, glutamic 
acid decarboxylase, insulin, smooth muscle, endoplasmic 
reticulum, reticulin, gliadin, adrenal cells, nuclear antigens, 
deoxyribose nucleic acid (DNA), thyroglobulin and thyroid 
microsomes, has been detected in patients with AIE [7, 18]. 
The presence of antibodies against goblet cells, enterocytes 
and colonocytes is supportive of the diagnosis. These an-
tibodies are directed against components of the intestinal 
brush border membrane, with an increasing intensity from 
the crypts towards villous tip [5, 13]. However, they are nei-
ther diagnostic nor specific for the disease and have been 
also identified in other disorders such as the cow’s milk al-
lergy, inflammatory bowel disease and in adults with human 
immunodeficiency virus (HIV) infection. Moreover, the ap-
pearance of the autoantibodies after the onset of the muco-
sal damage, the lack of correlation between the titer and the 

Table 2.1   Differential diagnosis of diarrhea in infancy and childhood
Transport defects 
and enzymatic 
deficiencies

Disaccharidase deficiency
Sodium–hydrogen exchanger (congenital 
sodium diarrhea)
Chloride–bicarbonate exchanger (chloride- los-
ing diarrhea)
Sodium–glucose cotransporter (glucose–galac-
tose malabsorption)
Lysinuric protein intolerance
Chylomicron retention disease
Abetalipoproteinemia
Ileal bile acid receptor defect
Enterokinase deficiency

Inherited epithelial 
defects and villous 
atrophy

Autoimmune enteropathy
IPEX syndrome
Microvillus inclusion disease
Tufting enteropathy
Endocrine cell dysgenesis

Other Coeliac disease
Allergic enteropathy
Eosinophilic enteritis
Infectious/ post-infectious enteropathy
Lymphangiectasia
Acrodermatitis enteropathica
Metabolic diseases
Tumours
Idiopathic
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histological severity and their disappearance after treatment, 
but before the complete mucosal restoration support the hy-
pothesis that these antibodies are most likely a secondary 
event in the pathogenesis of the disease in response to bowel 
injury [10, 35–37].

The nature of the gut antigen that elicits the immune re-
sponse and results in the alteration of the intestinal perme-
ability has been extensively investigated. A 55-kD protein 
located in both the gut and renal epithelial cells that reacted 
with serum autoantibodies was first identified by Colletti 
et al. in 1991 in a patient with complicated presentation of 
AIE with small bowel and glomerular involvement [38]. 
A few years later, a 75-kD auto-antigen that is distributed 
through the whole intestine and the kidney was recognized 
in patients with X-linked AIE associated with nephropathy 
[39]. The intestinal auto-antigen in autoimmune polyendo-
endocrine syndrome type 1 (APECED) is tryptophan hy-
droxylase (TPH), which is mainly present in the enterochro-
maffin cells of the mucosa [40].

Emerging evidence has pointed towards an uncontrolled 
inflammatory reaction caused by the disturbance of the ef-
fector–regulatory T-cell interaction and leading to the pro-
duction of autoantibodies, such as anti-enterocyte antibodies 
[41]. The understanding of the underlying molecular mecha-
nism and the identification of the genetic defect in AIE was 
achieved due to the clinical similarities between scurfy mice 
and boys with the disease. Scurfy mice are a naturally occur-
ring X-linked mutant that presents with massive lymphop-
roliferation, diarrhea, intestinal bleeding, scaly skin, anae-
mia, thrombocytopenia and hypogonadism [42]. Based on 
the observation that the disease-causing mutation in scurfy 
mice was on the X chromosome, the human IPEX locus was 
identified on chromosome Xp11.23-q13.3 and the gene was 
named FOXP3. It comprises 11 exons which encode the 
FOXP3 protein or scurfin, a 48-kDa protein of the forkhead 
(FKH)/winged-helix transcription factor family that is pre-
dominantly expressed in CD4+CD25+ T cell with regulatory 
function, at significantly lower levels in CD4+CD25-T cells 
and not at all in CD8+ or B220+ cells [43–46].

Increasing experimental evidence has shown that scurfin 
is implicated in the thymic maturation of T cells that are des-
ignated to acquire regulatory function. CD4+CD25+ Treg 
represent a small subset (5–10 %) of CD4+ T helper cells 
in humans and mice. Studies on CD4+CD25+ T cells from 
IPEX patients with the use of anti-CD127 have shown that 
FOXP3 plays a crucial role in the generation of functional T 
regulatory cells (Treg) and intact FOXP3 is indispensable for 
the development of fully functional Tregs, whereas FOXP3 
with amino acid substitutions in the FKH domain is suffi-
cient for the generation of functionally immature Tregs [47].

FOXP3 has DNA-binding activity and due to its struc-
ture may serve as nuclear transcription factor and act as a 
repressor of transcription and regulator of T cell activation 

[48, 49]. The transcription of a reporter containing a multi-
meric-FKH-binding site is repressed by intact FOXP3. Such 
FKH-binding sites are located adjacent to nuclear factor of 
activated T cells (NFAT), regulatory sites in various cytokine 
promoters such as interleukin (IL)-2, or granulocyte–mac-
rophage colony-stimulating factor enhancer. Therefore, in-
tact scurfin protein appears to be capable to directly repress 
NFAT-mediated transcription of the IL-2 gene in CD4+ cells 
upon activation [50].

Despite the evidence that FOXP3 plays a key role in 
the development and function of Treg cells, the underly-
ing mechanisms have not been fully understood. Data from 
animal models with transgenic induction of FOXP3 have 
shown that the overexpression of scurfin in normal mice 
leads to a tremendous suppression of immune functions, 
whereas the depletion of Tregs in healthy mice results rap-
idly in the development of different T-cell-mediated au-
toimmune disorders, similar to scurfy in mice or IPEX in 
humans that go in complete remission upon reconstitution 
with Treg cells [51, 52].

The three domains that are crucial for the function of 
FOXP3 are the C-terminal region, which contains the fork-
head domain that directly binds DNA regions, the central 
domain with a zinc finger and leukine zipper that promotes 
the oligomerization of the FOXP3 molecule and the repres-
sor domain located in the N-terminal region that binds the 
NAFT [53, 54]. Genetic screening on X chromosome in pa-
tients with AIE revealed that the majority of mutations clus-
ter primarily within the FKH domain and the leukine zipper 
within the coding region of the FOXP3 gene causing poten-
tially absent FOXP3 protein expression or a protein product 
with loss of function [13, 53].

Histopathology

Histologic evaluation of the small bowel in typical AIE re-
veals partial or total villous blunting/atrophy and crypt hy-
perplasia. In addition, there is a marked infiltration of the 
lamina propria by mixed inflammatory cells with a promi-
nence of mononuclear cells, including T lymphocytes [15]. 
Apoptotic bodies and intraepithelial lymphocytes are pres-
ent in the crypt epithelia. Most cases show a relative paucity 
of surface lymphocytosis in contrast to coeliac disease. The 
lymphocytic infiltration of the intestinal mucosa is consti-
tuted by CD4–CD8 T lymphocytes and macrophages. Gob-
let, Paneth and/or enterochromaffin cells may be reduced in 
number or absent. Cryptitis and crypt abscesses have been 
reported in severe AIE. Crypt enterocytes commonly show 
an increased expression of HLA-A, -B, -C molecules [8, 55, 
56]. (See Table 2.2; Fig. 2.1) [12].

AIE primarily involves the small bowel with the histo-
logic lesions being most prominent in the proximal small 
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intestine. However, changes have been also described in the 
oesophagus, stomach and colon in both pediatric and adult 
patients supporting the hypothesis for a diffuse disease pro-
cess involving the entire gastrointestinal tract.

Recent reports describe the infiltration of the squamous 
epithelium by lymphocytes or eosinophils in the oesophagus. 
Gastric biopsies can show features of chronic nonspecific 
gastritis with or without reactivity. Atrophic gastritis, intes-
tinal metaplasia and glandular destruction have been also 
described. There may be increased apoptosis of glandular 
epithelium [6, 58]. The colonic morphological lesions vary 
from diffuse mild active colitis with inflammatory cell infil-
tration to severe active chronic colitis with goblet cell deple-
tion, Paneth cell metaplasia, distortion of crypt architecture 
and crypt abscess formation. An increase in intraepithelial 
lymphocytes has also been described [21, 58].

Diagnosis

The diagnostic criteria for AIE were originally proposed 
by Unsworth and Walker-Smith et al. and included (a) pro-
tracted diarrhea and severe enteropathy with small intesti-
nal villous atrophy, (b) no response to exclusion diets, (c) 
evidence of predisposition to autoimmune disease (presence 
of circulating enterocyte antibodies or associated autoim-
mune disease) and (d) no severe immunodeficiency [18]. A 
more recent adult study proposed the updated criteria and 
now the diagnosis is established when all of the criteria are 
present (Table 2.3). The disease should be considered in the 
differential diagnosis in all patients presenting with severe, 
unexplained diarrhea requiring parenteral nutritional sup-
port particularly in infants, since AIE is the most common 
cause of protracted diarrhea in infancy [3]. The endoscopic 
examination with small bowel biopsy is the cornerstone of 
investigations.

The diagnostic work up should also include informa-
tion regarding the birth and family history and the time of 
onset of diarrhea. The disease is characterized by secretory 
diarrhea, nonresponsive to bowel rest. Most of the affected 
infants have no history of gluten ingestion at the time of pre-
sentation. Furthermore, the lack of response to a gluten-free 
diet points towards AIE [5, 11, 59].

Serum immunoglobulin assays show normal immuno-
globulin (Ig) M and decreased IgG attributed to protein-
losing enteropathy. IgA is often within normal range, but 

Table 2.2   Histological findings in autoimmune enteropathy
Histological findings in autoimmune enteropathy
Partial or total villous blunting/atrophy and crypt hyperplasia
Marked infiltration of mononuclear cells, including activated T 
lymphocytes in the lamina propria
Apoptotic bodies and intraepithelial lymphocytes present in the 
crypt/gland epithelia, but relative paucity of surface lymphocytosis
Crypt abscesses in severe autoimmune enteropathy
Increased expression of HLA-A, -B, -C molecules in crypt 
enterocytes

Fig. 2.1   a, b Low and high mag-
nifications, respectively. In some 
cases of pediatric autoimmune 
enteropathy, the small intestinal 
biopsies show cryptitis and crypt 
abscesses that may obscure the 
salient finding of autoimmune 
enteropathy, crypt apoptosis (ar-
rows). There is also an absence 
of Paneth cells. c, d As described 
in adult patients, small intesti-
nal biopsies can demonstrate a 
combination of both autoimmune 
enteropathy and sprue-like histo-
logic findings, characterized by 
severe villous blunting, marked 
intraepithelial lymphocytosis, 
diffuse mononuclear inflammato-
ry infiltrate and prominent crypt 
apoptosis. Of note, goblet cells 
are lacking within this specimen 
[12]. (Reprinted by permission 
from Macmillan Publishers Ltd, 
Nature Publishing Group: Ref. 
[57])
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IgA deficiency associated with villous atrophy has been also 
reported in AIE. T and B cell function tests, the lymphocytic 
subsets and polymorphonuclear cell counts are generally 
normal. Anti-smooth muscle, anti-nuclear and anti-thyroid 
microsomal autoantibodies have been identified in the course 
of the disease [5, 8, 22, 60].

Determination of faecal inflammatory markers, like faecal 
calprotectin, is a simple method that is helpful in distinguish-
ing constitutive intestinal epithelial disorders, such as mi-
crovillus atrophy and epithelial dysplasia from immune-in-
flammatory etiologies such as AIE and inflammatory colitis. 
It has been proposed that the dramatically increased levels 
of faecal calprotectin in neonates and infants with immune-
inflammatory disorder can distinguish these disorders from 
constitutive epithelial disorders with 100 % specificity [61].

Treatment

Early recognition and accurate diagnosis of AIE are manda-
tory to ensure the optimal treatment. The disease is charac-
terized by life-threatening diarrhea often nonresponsive to 
bowel rest. TPN represents an important step in the man-
agement of AIE for nutritional support, adequate rehydration 
and optimal growth [11, 14, 62]. However, the pediatric pa-
tients are not always TPN dependent during the course of the 
disease [19]. When the gastrointestinal involvement is less 
severe, elemental or low-carbohydrate-containing formula 
is recommended to promote enteral delivery of nutrients 
and calories. The potential tolerance to enteral feeds and the 

concomitant inflammatory changes affecting the colon make 
small bowel transplantation not an ideal treatment option for 
AIE [17, 63].

Long-term immunosuppression is the mainstay of treat-
ment for the disease. Standard immunosuppressive thera-
pies include corticosteroids, cyclosporine, azathioprine and 
6-mercaptopurine. Steroids in the form of prednisolone or 
budesonide are often needed to induce remission. However, 
the disease can be refractory to steroids or diarrhea recurs 
when they are tapered [64].

Since the early 1990s, pediatric patients with AIE have 
been successfully treated with oral cyclosporine A. Studies 
have shown that a relatively low drug level (50 ng/mL) led to 
improvement in growth, intestinal carbohydrate absorption 
and small bowel histology. However, a number of patients 
do not respond to the medication and a possible reason is 
the inefficient absorption of the oral compound due to the 
underlying chronic enteropathy [65, 66].

Tacrolimus has been used as a therapeutic treatment op-
tion with beneficial effects in a variety of autoimmune dis-
eases, including autoimmune hepatitis, primary sclerosing 
cholangitis and steroid-refractory nephrotic syndrome. Its 
mechanism of action is similar to cyclosporine. Both drugs 
block the gene activation for cytokine production by inhib-
iting the antigenic response of helper T lymphocytes, sup-
pressing IL and interferon-γ [17]. Bousvaros et al. first used 
tacrolimus as an alternative therapy for AIE and concluded 
that it can be efficacious if other immunosuppressive regi-
mens fail. Clinical improvement occurred between 1 and 4 
months once therapeutic levels were achieved, and serum 
drug levels were obtained between 5 and 15 ng/mL. Tacroli-
mus’ absorption is less dependent on mucosal integrity com-
pared to cyclosporine; however, mucosal healing improves 
its absorption, and the dosage should be adjusted to achieve 
the desired blood levels of the drug. The need for long term 
or lifelong treatment with tacrolimus in AIE necessitates 
baseline and frequent monitoring in order to prevent its po-
tential complications, including nephrotoxicity, neurotoxic-
ity, increased predisposition to infections and lymphoprolif-
erative disease [67].

The combination of tacrolimus and infliximab has been 
proven successful in controlling the inflammation in severe 
AIE in both pediatric and adult patients. The synergistic 
effect of these agents is based on the different aspects of 
the immune system on which they act. Emerging evidence 
supports that infliximab itself is a highly effective tool for 
achieving clinical remission and restoring small bowel vil-
lous architecture in AIE. The drug has been introduced be-
cause of its tumour necrosis factor (TNF)-α antagonistic ef-
fect since high levels of this cytokine are being produced by 
intestinal intraepithelial T lymphocytes of patients with AIE. 
The response to infliximab is usually rapid and the quality 
of life of the patients improves dramatically. However, it has 

Table 2.3   Diagnostic criteria for AIE [14, 18]
Diagnostic criteria for AIE by 
Unsworth and Walker-Smith 
[18]

Updated diagnostic criteria for AIE 
by Akram et al. [14]

Protracted diarrhea and severe 
enteropathy with small intes-
tinal villous atrophy

Chronic diarrhea (> 6 weeks)

No response to exclusion diets Malabsorption
Evidence of predisposition 
to autoimmune disease (pres-
ence of circulating enterocyte 
antibodies or associated 
autoimmune disease)

Small bowel histology showing 
partial or complete villous blunt-
ing, deep crypt lymphocytosis, 
increased apoptotic bodies, minimal 
intraepithelial lymphocytosis

No severe immunodeficiency Exclusion of other causes of villous 
atrophy, including coeliac disease, 
refractory sprue and intestinal 
lymphoma
Presence of anti-enterocyte and/or 
anti-goblet cell antibody supports 
the diagnosis and sometimes cor-
relates with disease improvement, 
but is not required to make the 
diagnosis

AIE autoimmune enteropathy
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been recognized that aggressive immunosuppressive treat-
ment carries a potential risk of life-threatening hypersensi-
tivity reactions and malignancies that should be also consid-
ered [17, 68, 69].

Additional immunosuppressive therapies have been used 
in AIE. Cyclophosphamide is an alkylating agent related to 
nitrogen mustard and is a potent immunosuppressive agent 
used in bone marrow transplantation (BMT) conditioning 
regimens [70]. Low dose of oral cyclophosphamide led to 
resolution of the intestinal symptoms in a teenage boy with 
total villous atrophy, selective IgA deficiency and anti-epi-
thelial cell antibodies [71]. However, the use of cyclophos-
phamide in doses up to 3 mg/kg/d has not always been suc-
cessful in the management of the disease [38, 72]. Remission 
of symptoms and improvement of intestinal histopathology 
was reported in an infant with severe AIE with a single course 
of high-dose intravenous cyclophosphamide, approximately 
20 times greater than those previously used [73].

Mycophenolate mofetil (MMF) has been proposed as an 
alternative therapeutic option after the successful induction 
of remission and the improvement of the intestinal absorp-
tion and linear growth in an infant with AIE and concomitant 
factor V Leiden defect [74].

IPEX Syndrome

IPEX is a rare disease and represents a systemic form of AIE 
characterized by immune dysfunction, polyendocrinopathy, 
enteropathy and X-linked inheritance. The prevalence of the 
syndrome remains unknown. Even though the severity of 
symptoms is variable, the most common feature of IPEX is 
the involvement of pancreas and thyroid with an early onset. 
Glucose intolerance can be present at birth and insulin-de-
pendent diabetes mellitus begins often during the first year 
of life as a result of the complete inflammatory destruction 
of the pancreatic islet cells prior to the intestinal symptoms 
[75]. Thyroiditis presents either in the form of hyperthyroid-
ism, or most commonly as hypothyroidism requiring substi-
tutive therapy [13, 61].

The gastrointestinal involvement in children with IPEX 
syndrome includes severe, secretory diarrhea that can be 
bloody or mucousy and generally worsens after the breast-
feeding is changed to formula [76, 77]. Protein-losing en-
teropathy with hypoalbuminaemia and a markedly increased 
clearance of a-1 antitrypsin are indicators of a poor progno-
sis [41]. Diarrhea often persists despite bowel rest, and TPN 
is required for nutritional support.

In addition to the endocrinopathies and the gastrointesti-
nal involvement, the basic triad of IPEX syndrome includes 
chronic dermatitis, most commonly in the form of eczema. 
In addition, other immune-mediated dermatological disor-
ders like alopecia, pemphigoid nodularis, psoriasiform der-

matitis or resembling onychomycosis have been described 
[76, 78, 79]. The majority of boys with classical IPEX syn-
drome develop autoimmune hematologic disorders, such 
as Coombs-—positive haemolytic anaemia, neutropenia or 
thrombocytopenia with anti-platelet antibodies. Renal in-
volvement affects approximately 30 % of the cases and pres-
ents as tubulopathy, nephrotic syndrome or glomerulone-
phritis. Autoimmune hepatitis is also common. The clinical 
spectrum of the syndrome includes neurological manifesta-
tions, such as seizures and developmental delay. Reactions 
to vaccines and increased susceptibility to infections can be 
attributed either to neutropenia and the immunosuppressive 
therapy or to the altered skin/gut barrier (Table 2.4) [61].

FOXP3 mutations can lead to different phenotypes of 
IPEX syndrome in terms of symptoms and severity. Ge-
netic analysis for FOXP3 mutations is recommended in all 
patients with symptoms indicative of IPEX syndrome [80]. 
However, despite the typical clinical presentation of IPEX 
syndrome in some patients, no mutations were identified 
within the coding regions of FOXP3, supporting the hypoth-
esis that conditional or regulatory mutations may occur out-
side FOXP3 [44, 49, 76]. A mutation in the polyadenylation 
signal following the final coding exon of FOXP3 that results 
in a decreased FOXP3 messenger RNA (mRNA) expression 
has been reported [81]. Furthermore, the fact that females 
heterozygous for FOXP3 mutation remain completely as-
ymptomatic provides evidence that FOXP3-independent 
forms of AIE exist. It is likely that these independent forms 
of IPEX or AIE affecting both boys and girls are transmit-
ted either with X-chromosomal or an autosomatic trait. A 
marked CD25 deficiency on CD4+ cells caused by an auto-
somal recessive mutation resulted in the IPEX-like clinical 
presentation in a patient with normal FOXP3 gene analysis 
and pointed towards the implication of IL-2 and its high-
affinity receptor CD25 in the pathogenesis of FOXP3-inde-
pendent forms [82]. These findings need to be confirmed by 
future studies.

The small bowel histopathology of pediatric subjects with 
IPEX syndrome can range from a graft-versus-host disease-

Table 2.4   Multisystemic disorders in IPEX sydrome
IPEX syndrome
Endocrine: glucose intolerance, insulin-dependent diabetes mellitus, 
hypo/hyperthyroidism
Gastrointestinal: secretory diarrhea, protein-losing enteropathy, 
autoimmune hepatitis
Skin: eczema, alopecia, pemphigoid nodularis, psoriasiform 
dermatitis
Haematologic disorders: autoimmune haemolytic anaemia, neutro-
penia, thrombocytopenia
Renal: glomerulonephritis, tubulopathy, nephrotic syndrome
Neurological manifestations: seizures, developmental delay
Other: susceptibility to infections, reactions to vaccines
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like pattern with complete villous atrophy, mild inflammation 
of the lamina propria, apoptotic bodies, crypt abscesses and 
loss of goblet cells (as described above) to a more coeliac-
disease-like pattern with partial villous atrophy, moderate in-
flammation of the lamina propria, an increase in intraepithe-
lial lymphocytes and crypt hyperplasia. Moreover, a patient 
with anti-goblet cell antibodies demonstrated partial villous 
atrophy, moderate inflammation of the lamina propria, an in-
crease in intraepithelial lymphocytosis and complete lack of 
goblet cells [83]. Depending on the organs involved in IPEX 
syndrome, the typical lymphocytic infiltration can be also 
present in thyroid, liver, skin, brain or pancreas with com-
plete destruction of islet cells [62, 84].

The syndrome should be considered in young males pre-
senting with protracted diarrhea with villous atrophy and 
failure to thrive combined with diabetes mellitus and/or hy-
pothyroidism and skin manifestations. The definite diagno-
sis is based on genetic studies and mutation analysis of the 
FOXP3 gene [85]. Immunocytochemical staining of FOXP3 
molecule in bowel biopsies has been proposed as a potential 
screening test [86].

Given the serious side effects, the toxicity and the lim-
ited efficacy for long-term remission of immunosuppressive 
medication, there is a need for new therapeutic approaches 
for IPEX and AIE. The most promising is in the form of 
BMT. Baud and Wildin et al. reported three boys with IPEX 
syndrome who received BMT as ultimate treatment. Even 
though BMT was initially successful, lethal complications 
occurred months to years post transplantation. The authors 
concluded that BMT is potentially successful in treating re-
sistant IPEX, but further experience must be gained before it 
is recommended as a rescue therapy for AIE.

Interestingly, the conditioning regimen was itself effec-
tive in controlling symptoms in some patients [48, 87] and a 
reduced-intensity-conditioning regimen prior to engraftment 
resulted in more FOXP3 T regulatory cells than more ag-
gressive conditioning [88]. Beneficial effect on the pancre-
atic function and recovery of diabetes mellitus was obtained 
in some cases; however, the islet damage is often permanent 
at the time of BMT [86]. Insulin for diabetes and haematic 
transfusions are often needed for the symptomatic manage-
ment of IPEX syndrome.

Clinical improvement in patients with IPEX syndrome 
was also reported after submyeloablative cord blood trans-
plantation [89]. The efficacy of bone marrow-derived mes-
enchymal stem cells (MSC) in a mutli-organ autoimmunity 
model caused by a deficiency in T cells led to an MSC-spe-
cific improvement in the histopathology of the distal ileum 
of treated mice. This observation necessitates future inves-
tigations into the use of MSCs for the treatment of autoim-
mune disorders [90]. It was also shown that the direct trans-
duction of T cells with FOXP3-expressing vectors could 
overtake bone marrow gene therapy and provided evidence 

that gene therapy of autologous cells could potentially be a 
future therapeutic approach for IPEX syndrome [91].

APECED Syndrome

APECED, also known as autoimmune polyendocrine syn-
drome type 1 (APS-1) is a rare, autosomal recessive disease. 
The understanding of the underlying pathophysiology of 
this monogenic disease has provided important information 
on the pathogenesis of organ-specific autoimmunity and T 
cell selection. The syndrome is characterized immunologi-
cally by destruction of the target organs by a cellular- and/
or antibody-mediated attack [92, 93]. It has been reported at 
a relatively higher prevalence in genetically isolated popula-
tions like Finns, Sardinians and Iranian Jews [94–97]. The 
classical triad of APECED consists of Addison’s disease, hy-
poparathyroidism and chronic mucocutaneous candidiasis, 
and two of them are required for the diagnosis. However, 
several other endocrine and non-endocrine manifestations 
accompany the pathognomonic triad.

The onset of APECED is usually in childhood with the 
first symptoms occurring on average at the age of 5 [98]. 
The wide spectrum of the clinical manifestations is attrib-
uted to a variable pattern of destructive autoimmune reaction 
mediated by specific antibodies that can attack any tissue or 
organ [99, 100]. TPH is an enzyme involved in the synthesis 
of neurotransmitters in the nervous system and in the gas-
trointestinal endocrine cells. The presence of autoantibod-
ies against this enzyme is associated with AIE in APECED 
[101–104]. The gastrointestinal involvement also includes 
diarrhea, constipation, autoimmune hepatitis, chronic atro-
phic gastritis or autoimmune gastritis with pernicious anae-
mia [105]. Exocrine pancreatic failure results in malabsorp-
tion and steatorrhoea in a small subgroup of patients [98].

Children within large Old Order Amish kindred presented 
with developmental delay, dysmorphic features, failure to 
thrive, organomegaly and multisystem autoimmune diseases, 
including AIE. Human ITCH E3 ubiquitin ligase deficiency 
was recognized as the underlying cause of this syndromic 
multisystem autoimmune disease. ITCH deficiency results 
in abnormal T helper cell differentiation and failure of T cell 
anergy induction. Genetic mapping in patients revealed a 
truncating mutation in the ITCH gene [106, 107].

In autoimmune polyendoscrinopathy-candidiasis-ecto-
dermal dystrophy, the mutations have been identified in 
the autoimmune regulatory gene (AIRE) that modulates the 
transcription of peripheral self-antigens in the thymus pre-
sented by HLA molecules to maturing T cells [108]. Patients 
affected by at least two illnesses among chronic mucocuta-
neous candidiasis usually starting soon after birth, autoim-
mune hypoparathyroidism and Addison’s disease, especially 
from populations such as Finns, Sardinians and Iranian Jews 
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should be investigated for APECED syndrome. The identifi-
cation of mutations on AIRE gene is recommended to con-
firm the diagnosis [98].

The treatment of APECED syndrome is challenging 
and is mainly based on parenteral nutritional support. Im-
munosuppressive treatment includes high doses of intrave-
nous steroids and methotrexate, which is well tolerated in 
children. Systemic chemotherapy against Candida infection 
and hormone replacement therapy are also required. Patients 
with APECED should be closely monitored for new compo-
nents of the syndrome [109].

Prognosis

AIE is a potentially life-threatening disease. Both intestinal 
and extra-intestinal manifestations can lead to debilitating 
symptoms requiring a complex therapeutic approach. The dis-
ease itself has not been linked to the development of intestinal 
malignancies; however, the intensity of immunosuppressive 
therapy and the increasing longevity of patients potentially 
increase the risk of malignancy [17]. AIE is now considered 
as a systemic disease, and, in its most severe form, IPEX syn-
drome, is often characterized by unresponsiveness to treat-
ment with a high mortality rate [67]. Malnutrition in infants 
and infections at a later age are the most frequent causes of 
death. Given the immunologic nature of IPEX syndrome, 
early BMT currently seems the most promising treatment of 
choice. However, more experience is needed to ensure that 
this therapeutic approach leads to permanent remission [48, 
87]. Finally, the great variability of the clinical expression 
and the absence of a clear genotype–phenotype correlation 
in APECED syndrome create the need for the identification 
of potential disease-modifying genes that are involved in the 
clinical expressivity of organ-specific autoimmunity.
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