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Autoimmune The term autoimmune enteropathy (AIE) was applied to a form of “intractable diarrhoea”
enteropathy; with serum gut autoantibodies, characterized by male predominance, early onset, poor
IPEX syndrome; response to parenteral nutrition and several autoimmune diseases, mainly type 1 diabetes.
FOXP3 molecule; In recent years the vague concept of AIE has became more precise thanks to the discovery
Regulatory T cells of its genetic and molecular basis. The FOXP3 molecule is crucial for the generation and

maturation of regulatory T cells (Treg) expressing CD4+ and CD25+ molecules. Mutations of
the FOXP3 gene, located in X chromosome, produce a syndrome with Immune dysfunction,
Polyendocrinopathy, Enteropathy and X-linked inheritance (IPEX). The majority of the
ancient so-called AIE cases probably correspond to the new IPEX syndrome, even in female
patients who may have some autosomal genetic variants. Besides FOXP3, other molecules
are likely to be involved in the generation and function of Treg and its deficiency may also
enhance autoimmune disease and IPEX-like syndromes. Meanwhile, the important
pathogenic role previously ascribed to gut autoantibodies has vanished, with it remaining
as having only certain screening usefulness.

© 2009 SEICAP. Published by Elsevier Espana, S.L. All rights reserved.

Intractable diarrhoea was frequent and occurred too early, before a complete

study could be performed. This term may include a
Avery proposed the term “Intractable diarrhoea” in 1968, ~ heterogeneous group of diseases (Ta‘l‘)le N .
to describe patients with unremitting chronic diarrhoea The very rare cases described as “Congenital diarrhoea

occurring in infants less than 3 months of age with the result ~ May be considered as intractable diarrhoea, however a
of progressive malnutrition, after excluding an infectious ~ Sroup With early but no neonatal onset was separated from

aetiology." In spite of using intravenous feeding, mortality ~ the congenital diarrhoea group. Later, when intestinal
biopsies were easily available, a villous atrophy was

frequently recorded, usually severe. Crypts can be
*Corresponding author. hypoplastic, with few mitoses, resembling a graft versus-
E-mail address: ablanco@ped.uva.es (A. Blanco Quirds). host disease, or hyperplastic, resulting in a picture
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indistinguishable from a celiac disease. An inflammatory
infiltrate of the lamina propria is always present, thought it
is not clear whether gut autoantibodies precede or follow
intestinal inflammation.2

Autoimmune enteropathy

Walker-Smith,® Unsworth,* and later, Savage® investigated
autoantibodies in patients with non-congenital intractable
diarrhoea that showed villous atrophy, complement fixing
gut autoantibodies, and associated to some cases, diabetes
mellitus or hypothyroidism.

AIE is a rare familial disorder characterized by protracted
diarrhoea, lack or poor response to parenteral nutrition,
circulating antibodies and/or autoimmune diseases in

Table 1 Different forms of intractable diarrhoea of

infancy

1. Congenital diarrhoea
Syndromic or phenotypic diarrhoea
Microvillous inclusion disease
Tufting enteropathy
Congenital diarrhoea with mutant neurogenin-3
Congenital diarrhoea with disorder of glycosylation
2. IPEX and IPEX-like syndromes
3. Other autoimmune enteropathies

A

Fig. 1

infants without severe immunodeficiency. It is characterized
by a somewhat more delayed onset than congenital
enteropathies, often at 4-6 months of age and frequently
has other evidence of autoimmune diseases. Dysmorphic
featélres are common in congenital enteropathies but not in
AIE.

Autoantibodies were usually determined on human blood
group 0 duodenal samples obtained from patients under-
going surgical procedures, although tissue from monkey
could be used with satisfactory sensibility.” A cross reaction
between gut autoantibodies and renal epithelial cells is
commonly reported.® Immunofluorescence analysis showed
two different patterns: complement-fixing apical antibodies
and cytoplasmatic positive staining (Fig. 1). According to the
report of Martin-Villa et al.® patients with complement-
fixing apical antibodies may have abnormal T-cell responses
in vitro, and a cytoplasmatic pattern was associated to
immunoglobulin deficiency, suggesting that different cellu-
lar or humoral immunologic alterations may favour a
different gut autoantibody pattern. Although a correlation
between serum autoantibodies levels and disease activity
was found in some cases,® the pathogenic role of gut
autoantibodies has never been proven.

High expression of HLA-A, -B, and -C with a stronger
reactivity is commonly found in the crypt epithelium. An
aberrant expression of DR molecules on the gut surface and
crypt epithelium was observed, with a high number of DR
positive activated cells in the lamina propria. Nevertheless
the expression of HLA-DP and DQ was normal. The
inappropriate DR expression in the epithelium is not an

Indirect immunofluorescence pattern putting the patient’s serum on frozen monkey tissue. A. IgA positive antibodies on a

longitudinal section of gut ( x 40), the staining is stronger at brush-border of crypts. B. IgG positive antibodies on a cross section of
gut (x 100), the immunofluorescence is cytoplasmatic with more intensity over apical border and a think linear staining on
basolateral border. C. Staining on monkey kidney showing IgG autoantibodies that react with tubular border but avoiding the

glomerulus ( x 40).
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exclusive sign of autoimmunity, accompanying also chronic
inflammatory processes, such as Crohn disease.

Several authors investigated the nature of the gut antigen
in AIE. Coletti, et al.® in 1991, using Western immunoblot,
identified a 55 kD protein located in gut and renal epithelial
cells that reacted with serum autoantibodies. Later,
Kobayashi'® detected a 75kD autoantigen, which was
distributed through the whole intestine and kidney, and
likely implicated in the development of nephropathy,
although not present in the thyroid gland. A tryptophan
hydroxylase (TH) was identified as the intestinal autoantigen
in autoimmune polyendocrine syndrome type 1 which is
accompanied by gastrointestinal symptoms in 20-30% of the
cases."" This antigen is mainly present in enterochromaffin
cells of the mucosa, and the search for autoantibodies to TH
is also recommended in patients with Crohn disease or
ulcerative colitis.

The majority of reported patients with AIE were young
boys with the onset of clinical manifestations at a very early
stage, within the first 6 months of life, although it has also
been observed in older children and female subjects,
interestingly with less bowel involvement.'? Several reports
describe the involvement of both the small and large
bowels. Whether either regions of the gut are simulta-
neously affected or one region is affected before the other is
unclear.'

It was presumed that extra-intestinal involvement was
commonly present, but in the absence of a systemic
evaluation some histological lesions outside gastrointestinal
tract could remain unnoticed. Pancreatic lesions, with
endocrine or exocrine insufficiency were usually observed,
and diabetes mellitus was frequently the first manifestation
of the disease, prior to diarrhoea. Atopic eczema showed
the typical clinical and histological findings. During remis-
sions the eczema improves and serum IgE levels decreased.
Renal involvement is common and biopsy may show
interstitial inflammatory nephritis or membranous glomer-
ulonephritis.®'* The liver injury was usually revealed by
hepatomegaly and a moderate increase in serum transami-
nases. Histology shows a periportal fibrosis, which could be
more extensive in some cases, associated to a clinical
picture of chronic aggressive hepatitis. Thyroid insufficiency
was noted in some cases, with lymphoid cell infiltration that
could be accompanied by fibrosis.

The mortality of patients with AIE was very high, in spite
of new therapies. Nevertheless, the response to treatment
was variable, mainly due to the heterogeneity of the
disease. Long periods with diet alone have been observed
in few cases. On the contrary, other patients were resistant
to corticosteroids or immunosuppressive therapy. Cyclos-
porine induced remission in the majority of cases, and later,
the treatment with tacrolimus was reported to be success-
fully in patients previously resistant to other immunothera-
pies.

IPEX syndrome
Powell et al." reported the first case of IPEX syndrome. This
rare disease is characterized by immune dysfunction,
polyendocrinopathy, enteropathy and X-linked inheritance,
which seems to be equivalent to the abnormalities

Table 2 Ancient terms assigned to IPEX syndrome
(Marabelle et al. 2008)

1. X-linked Autoimmunity-Allergic Dysregulation
Syndrome (XLAAD)

2. Insulin-dependent Diabetes Mellitus Diarrhoea
Syndrome (DMSD)

3. X-linked Autoimmunity-Immunodeficiency Syndrome
4. X-linked Diarrhoea, Polyendocrinopathy, Fatal
Infection Syndrome

5. Autoimmune Enteropathy with Haemolytic Anaemia
and Polyendocrinopathy

6. X-linked Polyendocrinopathy, Immune Dysfunction and
Diarrhea (XPID)

7. Diabetes Mellitus, Congenital Insulin-dependent with
Fatal Secretory Diarrhoea

8. Immunodeficiency, Polyendocrinopathy and
Enteropathy, X-linked

expressed by the scurfy mice, also an X-linked abnormality
which was accidentally produced in 1949.'®"7 Before the
accurate characterization, multiple terms were assigned to
IPEX syndrome (Table 2).

Clinical picture

Symptoms of the IPEX syndrome are different from one
patient to another; they can even vary within the same
family, especially in severity of symptoms. The most
common findings are diabetes mellitus, protracted diar-
rhoea, failure to thrive, eczema and haemolytic anaemia.'”
Other less common features are thrombocytopenia with
platelet-antibodies, autoimmune hypothyroidism and lym-
phadenopathy with splenomegaly.

1. Gastrointestinal disease. It is characterized by a severe
watery diarrhoea that could be also mucoid or bloody. '
Generally a worsening occurs when breast-feeding is
switched to regular formula, and many patients develop
food allergies, frequently associated to atopic eczema.'®
The response to dietary manipulation is variable, and
symptoms may persist, requiring total parenteral nutri-
tion to reverse the failure to thrive.

2. Autoimmune endocrinopathies. The onset is very early
and the involvement of pancreas and thyroid is the most
common feature of IPEX syndrome, whereas the involve-
ment of parathyroids, or adrenals is rare. Insulin-
dependent type 1 diabetes begins frequently during the
first year of life, although in some cases, glucose
intolerance is already present at birth. Thyroiditis is
common and can lead to hypothyroidism or hyperthyr-
oidism.

3. Dermatitis. A mild eczema is the most common finding in
the skin and it may onset as an erythematous rash
covering all the body.'® Other immune-mediated derma-
tological diseases described are pemphigoid nodularis,?
psoriasiform dermatitis or alopecia. Patients with lesions
resembling onychomycosis were also published.?’!

4. Other findings. In addition to the basic triad, other
autoimmune alterations were reported in patients with
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IPEX syndrome. The most common are autoimmune
haematological disorders, such as Coombs-positive hae-
molytic anaemia, thrombocytopenia or neutropenia,
which altogether are present in more than 50% of the
patients. Renal disease affects about 30% of the cases,
mainly as an interstitial nephritis, although membranous
glomerulonephritis was also reported.?? The severity of
the clinical picture is variable; ranging from mild
proteinuria and haematuria to rapidly progressive glo-
merulonephritis, only reverted by stem cell transplanta-
tion.2? Autoimmune hepatitis is also common. Some
patients have neurologic abnormalities with develop-
mental delay or seizures.

A high susceptibility to infections and reactions to
vaccines was denoted in many patients without an apparent
immunodeficiency. Some authors related infections to
alterations of the skin and the gut barrier, or to immuno-
suppressive therapy. The neutropenia may be another
influent factor.

Until now, only cases with typical IPEX syndrome have
been easily identified, however cases with mild and
uncompleted clinical pictures are increasingly reported.
Two unrelated cases with early onset enteropathy and long-
term survival, without type 1 diabetes, were recently
published. They showed a novel mutation of FOXP3 gene.?

The definitive diagnosis is based on genetic studies and
the identification of the mutation, but an easier screening
test by immunocytochemical staining of FOXP3 molecule in
bowel biopsies has also been proposed.?* The Wiskott-
Aldrich syndrome and other X-linked diseases with immune
abnormalities have some similarities (Table 3). Although
previously a common genetic origin was proposed for all
these entities, definitively a separate identity has been
proven for every syndrome.'”

Immunologic findings

Our knowledge about immune findings is fragmented
and incomplete, even contradictory, because infants are

Table 3

frequently studied during serious illness, malnutrition,
infections or immunosuppressive therapy No patognomonic
abnormalities and consistent changes in number of cells or
immune function have been described.?® Nevertheless, IgE
serum levels are increased in most patients with IPEX
syndrome, and eosinophilia and high IgA are also common.
Serum anti-islet, thyroid cell or enterocyte antibodies are
present in some patients. Most patients have normal
peripheral blood number of CD3+ CD4+ and CD8+ T-cells,
with normal proliferative response to mitogens. Some
patients showed a low number of NK and B cells, in this
case with an associated hypogammaglobulinaemia and
recurrent bacterial infections.? The constant finding is the
depletion of naive T-cell (CD4+ and CD8+) with increase
number of memory T cells.?®% A high production of
different cytokines, lymphocyte strong response to mitogens
and increased expression of MHC class Il suggest a global
activation of the immune response.'”

A severe villous atrophy accompanied by lymphocytic
infiltrates of lamina propria, mucosa and submucosa are
characteristic findings of IPEX syndrome. Lymphocytic
inflammation of pancreas with complete destruction of islet
cells is present in cases with diabetes.” The typical
lymphocytic infiltration may also involve other organs, such
as thyroid, skin, liver or brain.

The IPEX syndrome shares features with other X-linked
syndromes, such as Wiskott-Aldrich syndrome, X-linked
thrombocytopenia or X-linked congenital neutropenia.
Genetic studies have clearly defined the IPEX syndrome as
a different entity.

FOXP3

The FOXP3 gene is located in the short arm of chromosome X
(Xq11.23-Xq13.3). It has 11 exons which encode a protein of
431 amino acids. It is expressed predominantly, but not
exclusively, in CD4+CD25+ T-cells. Transcription factors are
proteins which bind regulatory regions of DNA and augment
or suppress the transcription of particular genes. FOXP3 is a
member of subfamily of forkhead box (FOX) transcription

Differential characteristics of X-linked syndromes with immune abnormalities (Bennett et al. 2001)

Clinical signs IPEX

WAS XLT XLN GATA-1

Autoimmune manifestations
Diarrhoea

Atopic eczema

Recurrent infections
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IPEX: Immunodysregulation, polyendocrinopathy, enteropathy, X-linked.

WAS: Wiskott-Aldrich syndrome.

XLT: X-linked thrombocytopenia.
XLN: X-linked neutropenia.

GATA: is a T-cell transcription factor.
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Fig. 2 Representation of human FOXP3 gene. Repressor domain binds NFAT molecule, Zn finger with leucine zipper domain promotes
the oligomerization of FOXP3 molecule and its function; Forkhead domain binds DNA sequence. Arrows indicate the location of
mutations in patients with IPEX syndrome (Modified from van der Vliet et al. 2007).

factors, which play a predominant role in embryonic
pattern, development and metabolism.?®

FOXP3 represses the promoter of several cytokine, such as
IL-2 or GM-CSF. It interacts with the nuclear factor of
activated T cells (NFAT) and perhaps with acute myeloid
leukaemia 1/runt related transcription factor (AML1/Runx1)
and nuclear factor-kB, forming complexes that repress
different cytokines promoters?®~3' (Fig. 2). The binding of
NFAT with FOXP3 occurs specifically in CD4+CD25+ Treg cells,
whereas in conventional T cells the NFAT exerts the
repression function binding through another transcription
factor, the activator protein-1 (AP-1).%

Three domains are key for the function of FOXP3: a C-
terminal region which contains the forkhead domain that
directly binds DNA regions; a central domain with a zinc
finger and a leucine zipper that promotes the oligomeriza-
tion of the FOXP3 molecule®?; and a repressor domain
located in the N-terminal region which binds the NAFT
(nuclear factor of activated T cells) molecule®* (Fig. 3).

Transgenic mice with increased expression of FOXP3 show
decreased number of CD4+ T cells, a low cellularity in
lymphoid tissues and a poor response to antigenic stimula-
tion.?2 Some cytokines (TGF-beta and IL-2), and the
stimulation of TCR, have been identified as factors that
induce the expression of FOXP3, although their regulation is
poorly known yet.

Regulatory T cells (Treg)

Regulatory T cells constitute a small subset (5-10%) of CD4+
T helper cells that develop in the thymus. They are
characterized by the expression of IL-2 receptor alpha chain
(CD25), also expressing glucocorticoid-induced TNF receptor
(GITR) and cytotoxic T lymphocyte-associated antigen 4
(CTL-4)® (Fig. 4).

Treg cells are of critical importance for the establishment
of the self-tolerance and immune homeostasis.> It has been
shown that these cells suppress the autoimmune, the
antimicrobial and the antitumoral responses?® (Table 4).
More recently, a novel anti-atherogenic role was claimed for
Treg.® It is noteworthy that antigen simulation is required
for the initiation of Treg suppression, but suppressive effects
can later occur to bystander cells and systems. They play an
important role in controlling exaggerated Th2 response and
they are involved in cow’s milk allergy as well as in the

o0 o0
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Activation Suppression

Conventional T cell CD4+ CD25+ T cell

Fig. 3 Antigen reaction with Tcell receptor (TCR) up-regulates
the expression of nuclear factor of activated T cell (NFAT) both,
in conventional T cells and CD4+ CD25+ T cells. However, NFAT
binds the activator protein 1 (AP1) in conventional T cells,
whereas in Treg (CD4+CD25+) reacts with FOXP3 factor. It
produces the transcription of a different set of genes, resulting
in a final activation reaction in T conventional cells and
suppression in Treg cells.

allergy to inhalants.>*3” The capacity of Treg to induced oral
antigen tolerance has been proven in mice3“° and is also
supposed in man. A defect Treg function was associated to
autoimmune, allergic and immunodeficient diseases.*"*? In
contrast, an increased Treg function has been associated to
malignancies. 43¢

FOXP3 plays a crucial role in the generation of Treg, and
when it is absent, these cells do not develop in mice nor in
man. Transgenic mice (scurfy) which do not express FOXP3
lack Treg. To date, about 20 mutations of FOXP3 have been
identified. The majority are missense mutations that affect
the integrity of the forkhead domain, but deletions and
substitutions have also been identified in the leucine zipper
and in the repressor domain. Nevertheless, the genetic basis
o the disease seems to be more heterogeneous than initially
presumed.
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The forkhead mutations interfere with nuclear import and
DNA binding. Mutations located in N terminal region affect
the regulation of FOXP3 on the NFAT protein. Other
mutations seem to increase the length of the FOXP3 protein,
changing the three-dimensional structure and the func-
tion.?> In some cases, no mutations in gene FOXP3 are
identified and it is supposed that they involve some unknown
regulator gene which may be located even outside the X
chromosome, because females are affected in some
families.**”*® Moreover, a case with gene FOXP3 mutation,
normal FOXP3 protein expression and Treg deficient function
was published, proving that the complex mechanism of this
disorder is yet unclear.?>* Some reports support a
genotype-phenotype correlation.*®

Cytokines and transcription signals in T cells

IL-12 —» —— > IFNy

THA1

IL-4 ——> —> IL-5/IL-4

TH2

IL-21/IL-23 ——> — |L-17/IL-21
RORYS )/ TH17
TGHp ——> ——» TGFB/L-10

Treg

Fig. 4 Generation of CD4+ subtype cells. Transforming growth
factor B-1 promotes the development of Treg cells by signal
transducer and activator of transcription 5 (STAT5) and the
nuclear factor FOXP3. The early production of IL-4 favours the
development of Th2 by STAT 3/6 and GATA3; IL-12 promotes TH-
1 by STAT1/4 and t-bet; and IL-21 and IL-23 promotes TH-17 by
STAT 3 and RORgt (Modified from Bacchetta et al. 2007).

Treatment of IPEX syndrome

Symptomatic treatment includes total parenteral nutrition
and insulin injections that are commonly needed, as well as
red blood or platelet transfusion. In the early years, the
therapy of IPEX syndrome was based on immunosuppressive
drugs. Steroids, methotrexate, cyclosporin, FK506 and more
recently infliximab and rituximab have been used with
unequal results, frequently disappointing, because the
response is short and late complications may appear.
Sirolimus is the latest drug assayed and seems to be less
nephrotoxic and better tolerated, improves diarrhoea and
villous histology, and decreases the dosage of corticoids. In
addition, it allows the expansion of Treg while the growth of
effector T cells is inhibited.>":>2

In spite of new drugs, bone marrow transplantation is the
only definitive cure for patients with IPEX syndrome.>3 It has
been performed in some cases with complete clinical
remission, in spite of only a partial engraftment with a
chimerical status.>* After transplantation, clinical recovery
was associated with the emergence of regulatory Tcells, the
majority expressing markers of memory phenotype.>® It was
remarkable that the conditioning regimen was itself
effective in controlling symptoms in some patients and it
was recently noticed that a reduced-intensity conditioning
regimen prior to the engraftment resulted in more FOXP3 T
regulatory cells than more aggressive conditioning.”® Cor-
rection symptoms were also successfully reached with cord
blood donor.3® Unfortunately, the excellent results of bone
marrow transplantation are frequently transient.'”

The recovery of diabetes mellitus was obtained in some
cases, but in most instances the islet damage is already
permanent at the time of bone marrow transplantation.?® It is
recommended to perform the transplantation in the early
phase of the disease in order to avoid irreversible damage
and complications.

Complications. Malnutrition is the main complication in
infants, and infections in later ages, being the most frequent
cause of death. Lymphoproliferative haemophagocytic syn-
drome is another complication which was also published.*>*
The immunosuppressive drugs and their dose are one of the
most important risk factors of complications, so the type of
therapy must be carefully considered. A patient with IPEX
syndrome managed with rapamycin who subsequently devel-
oped a lymphoma induced by Epstein Barr virus was recently
reported.®’

Table 4 Simplified view of protective role and immunopathology involvement of different CD4+ T-cell subset (Romagnani

2006)

Subset Characteristic protective activity Main immunopathology

TH1 Intracellular bacteria and some virus Granulomatous disorder

TH2 Helminths Allergic disease

TH17 Extracellular bacteria and some fungi Chronic inflammatory
Autoimmune disorder

Treg Tolerance against self Autoimmunity

Control of high response against non-self

Cancer
Immunodeficiency
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IPEX-like syndromes

Due to the complexity of Treg function it is not surprising to
find patients with similar symptoms and different genetic
and immune findings.

CD25 deficiency. From the discovery of IL-2R alpha (CD25)
defects in 1997, at least two families were described with
a genetic mutation and a lack expression.’® The main
characteristic data was a massive enlargement of peripheral
lymphoid organs, with hepatosplenomegaly, enlarged tonsils
and lymphadenopathy. All cases show an inflammatory
bowel disease with villous atrophy. One case had clear
traits of immunodeficiency, with low T cell number and
decreased response to mitogens whereas the second
patients showed an IPEX typical pattern with several
autoantibodies. It was remarkable that the first patient
did not develop diabetes or endocrinopathies, and the
diabetes showed a late onset, 6 year of age, in the case with
IPEX pattern.®0:¢!

In summary, patients who years ago were diagnosed as AIE
may be now considered to have IPEX syndrome. The majority
of cases could be confirmed by studying FOXP3 gene
mutations. Nevertheless, there are also atypical cases which
have appeared with a delayed onset, or affecting female
patients. They may be variants of FOXP3 mutation or be
related to other molecules also involved in the generation or
the function of Treg cells, such as CD25 abnormalities.

Conflict of interest

The authors declare that they have no conflict of interest.

References

1. Avery GB, Villacivencio O, Lilly JR, Randolph JG. Intractable
diarrhea of early infancy. Pediatrics. 1968;41:712-22.

2. Vanderhoof JA, Young RJ. Autoimmune enteropathy in a child:
Response to Infliximab Therapy. J Pediatr Gastroenterol Nutr.
2002;34:312-6.

3. Walker-Smith JA, Unsworth DJ, Hutchins P, Hutchins P, Phillips
AD, Holborow EJ. Autoantibodies against gut epithelium in a
child with small-intestinal enteropathy. Lancet. 1982;1:566-7.

4. Unsworth DJ, Walker-Smith JA. Autoimmune in diarrhoeal
disease. J Pediatr Gastroenterol Nutr. 1985;4:375-80.

5. Savage MO, Mirakian R, Wozniak ER, Jenkins HR, Malone M,
Phillips AD, et al. Specific autoantibodies to gut epithelium in
two infants with severe protracted diarrhea. J Pediatr Gastro-
enterol Nutr. 1985;4:187-95.

6. Corazza GR, Biagi F, Volta U, Andreani ML, de Franceschi L,
Gasbarrini G. Autoimmune enteropathy and villous atrophy in
adults. Lancet. 1997;350:106-9.

7. El-Matary W, Dalzell AM, Kokai G, Davidson JE. Tuftin entero-
pathy and skeletal dysplasia: is there a link? Eur J Pediatr.
2007;166:265-8.

8. Colletti RB, Guillot AP, Rosen S, Bhan AK, Hobson CD, Collins AB,
et al. Autoimmune enteropathy and nephropathy with circulat-
ing anti-epithelial cell antibodies. J Pediatr. 1991;118:858-64.

9. Martin Villa JM, Regueiro JR, de Juan D, Perez Aciego P, Pérez
Blas M, Manzanares J, et al. T-Lymphocyte dysfunctions
occurring together with apical gut epithelial cell autoantibo-
dies. Gastroenterology. 1991;101:390-7.

10. Kobayashi |, Imamura K, Yamada M, Okano M, Yara A, lkema S,
et al. A 75-kD autoantigen recognized by sera from patients

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

with X-linked autoimmune enteropathy associated with ne-
phropathy. Clin Exp Immunol. 1998;111:527-31.

Enkwall O, Hedstrand H, Grimelius L, Haavik J, Perheentupa J,
Gustafsson J, et al. Identification of tryptophan hydroxylase as
an intestinal autoantigen. Lancet. 1998;352:279-83.

Lachaux A, Loras-Duclaux |, Bouvier R. Autoimmune entero-
pathy in infants. Pathological study of the disease in two
familial cases. Virchows Arch. 1998;433:481-5.

Hill SM, Milla PJ, Bottazzo GF, Mirakian R. Autoimmune
enteropathy and colitis: is there a generalised autoimmune
gut disorder? Gut. 1991;32:36-42.

Russo PA, Brochu P, Seidman EG, Roy CC. Autoimmune
enteropathy. Pediatr Dev Pathol. 1999;2:65-71.

Powell BR, Ruist NR, Stenzel P. An X-linked syndrome of
diarrhea, polyendocrinopathy and fatal infection in infancy. J
Pediatr. 1982;100:731-7.

Godfrey V, Wilkinson J, Russell L. X-linked lymphorreticular
disease in the scurfy (sf) mutant mouse. Am J Pathol. 1991;138:
1379-87.

Bennett CL, Ochs HD. IPEX is a unique X-linked syndrome
characterized by immune disfunction, polyendocrinopathy,
enteropathy, and a variety of autoimmune phenomena. Curr
Opin Pediatr. 2001;13:533-8.

Marabelle A, Meyer M, Demeocq F, Lachaux A. De !’Ipex a foxp3:
une nouvelle contribution de la pédiatrie a la comprehension du
systeme immunitaire. Arch Pediatr. 2008;15:55-63.

Torgerson TR, Linane A, Moes N, Anover S, Mateo V, Rieux-
Laucat F, et al. Severe food allergy as a variant of IPEX
syndrome caused by a deletion in a noncoding region of the
FOXP3 gene. Gastroenterology. 2007;132:1705-17.

McGinness JL, Bivens MM, Greer KE, Patterson JW, Saulsbury FT.
Immune dysregulation, polyendocrinopathy, enteropathy, X-
linked syndrome (IPEX) associated with pemphigoid nodularis:
a case report and review of the literature. J Am Acad Dermatol.
2006;55:143-8.

McLucas P, Fulchiero Jr GJ, Fernandez E, Miller JJ, Zaenglein
AL. Norwegian scabies mimicking onychomycosis and scalp
dermatitis in a child with IPEX syndrome. J Am Acad Dermatol.
2007;56:548-9.

Moudgil A, Perriello P, Loechelt B, Przygodzki R, Fitzerald W,
Kamani N. Immunodysregulation, polyendocrinopathy, entero-
pathy, X-linked (IPEX) syndrome: an unusual cause of proteinur-
ia in infancy. Pediatr Nephrol. 2007;22:1799-802.

De Benedetti F, Insalaco A, Diamanti A, Cortis E, Muratori F,
Lamioni A, et al. Mechanistic associations of a mild phenotype
of immunodysregulation, polyendocrinopathy, enteropathy, x-
linked syndrome. Clin Gastroenterol Hepatol. 2006;4:653-9.
Heltzer ML, Choi JK, Ochs HD, Sullivan KE, Torgerson TR, Ernst
LM. A potential screening tool for IPEX syndrome. Pediatr Dev
Pathol. 2007;10:98-105.

Vliet HJJ van der, Nieuwenhuis EE. IPEX as a result of mutations
in FOXP3. Clin Dev Immunol. 2007.

Zuber J, Viguier M, Lemaitre F, Senée V, Patey N, Elain G, et al.
Severe FOXP3+ and naive T lymphopenia in a non-IPEX form of
autoimmune enteropathy combined with an immunodeficiency.
Gastroenterology. 2007;132:1694-704.

Costa-Carvalho BT, de Moraes-Pinto MI, de Almeida LC, de
Seixas Alves MT, Maia RP, de Souza RL, et al. A remarkable
depletion of both naive CD4+ and CD8+ with high proportion of
memory T cells in an IPEX infant with a FOXP3 mutation in the
forkhead domain. Scand J Immunol. 2008;68:85-91.

Torgerson TR, Ochs HD. Immune dysregulation, polyendocrino-
pathy, enteropathy, X-linked: Forkhead box protein 3 mutations
and lack of regulatory T cells. J Allergy Clin Immunol. 2007;120:
744-50.

Bettelli E, Dastrange M, Oukka M. Foxp3 interacts with nuclear
factor of activated T cells and NF-kappa B to repress cytokine



IPEX syndrome

215

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

gene expresion and effector functions of T helper cells. Proc
Natl Acad Sci U S A. 2005;102:5138-43.

Wu Y, Borde M, Heissmeyer V, Feuerer M, Lapan AD, Stroud JC,
et al. FOXP3 controls regulatory T cell function through
cooperation with NFAT. Cell. 2006;126:375-87.

Ono M, Yaguchi H, Ohkura N, Kitabayashi I, Nagamura Y, Nomura
T, et al. Foxp3 controls regulatory T-cell function by interacting
with AML1/Runx1. Nature. 2007;446:685-9.

Li B, Samanta A, Song X, lacono KT, Brennan P, Chatila TA, et al.
FOXP3 is a homo-oligomer and a component of a supramolecular
regulatory complex disabled in the human XLAAD/IPEX auto-
immune disease. Int Immunol. 2007;19:825-35.

Lopes JE, Torgerson TR, Schubert LA, Anover SD, Ocheltree EL,
Ochs HD, et al. Analysis of FOXP3 reveals multiple domains
required for its function as a transcriptional repressor.
J Immunol. 2006;177:3133-42.

Fontenot JD, Rudensky AY. A well adapted regulatory contri-
vance: regulatory T cell development and the forkhead family
transcription factor Foxp3. Nat Immunol. 2005;6:331-7.

Nik Tavakoli N, Hambly BD, Sullivan DR, Bao S. Forkhead box
protein 3: Essential immune regulatory role. Int J Biochem Cell
Biol. 2007 Oct 10 [Epub ahead of print]

Stock P, DeKruyff RH, Umetsu DT. Inhibition of the allergic
response by regulatory T cells. Curr Opin Allergy Clin Immunol.
2006;6:12-6.

Ling EM, Smith T, Nguyen XD, Pridgeon C, Dallman M, Arbery J,
et al. Relation of CD4 CD25 regulatory T-cell suppression of
allergen-driven T-cell activation to atopic status and expression
of allergic disease. Lancet. 2004;63:608-15.

Dubois B, Chapat L, Goubier A, Papiernik M, Nicolas JF,
Kaiserlian D. Innate CD4 CD25 regulatory T cells are required
for oral tolerance and inhibition of CD8T cells mediating skin
inflammation. Blood. 2003;102:3295-301.

Hauet-Broere F, Unger WW, Garssen J, Hoijer MA, Kraal G,
Samsom JN. Functional CD25- and CD25 mucosal regulatory T
cells are induced in gut-draining lymphoid tissue within 48 h
after oral antigen application. Eur J Immunol. 2003;33:2801-10.
Zhang X, lIzikson L, Liu L, Weiner HL. Activation of CD25+CD4+
regulatory T cells by oral antigen administration. J Immunol.
2001;167:4245-53.

Bacchetta R, Gambineri E, Roncarolo M-G. Role of regulatory T
cells and FOXP3 in human disease. J Allergy Clin Immunol.
2007;120:227-35.

Romagnani S. Regulation of the Tcell response. Clin Exp Allergy.
2006;36:1357-66.

Karube K, Ohshima K, Tsuchiya T, Yamaguchi T, Kawano R,
Suzumiya J, et al. Expression of FoxP3, a key molecule in
CD4CD25 regulatory T cells, in adult T-cell leukaemia/lympho-
ma cells. Br J Haematol. 2004;126:81-4.

. Viguier M, Lemaitre F, Verola O, Cho MS, Gorochov G, Dubertret

L, et al. Foxp3 expressing CD4 CD25 (high) regulatory T cells are
overrep-resented in human metastatic melanoma lymph nodes
and inhibit the function of infiltrating T cells. J Immunol. 2004;
173:1444-53.

Berger CL, Tigelaar R, Cohen J, Mariwalla K, Trinh J, Wang N,
et al. Cutaneous T-cell lymphoma: malignant proliferation of
T-regulatory cells. Blood. 2005;105:1640-7.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Ormandy LA, Hillemann T, Wedemeyer H, Manns MP, Greten TF,
Ko-rangy F. Increased populations of regulatory T cells in
peripheral blood of patients with hepatocellular carcinoma.
Cancer Res. 2005;65:2457-64.

Wildin RS, Smyk-Pearson S, Filipovich AH. Clinical and molecular
features of the immunodysregulation, polyen-docrinopathy,
enteropathy, X linked (IPEX) sindrome. J Med Genet. 2002;39:
537-45.

Owen CJ, Jennings CE, Imrie H, Lachaux A, Bridges NA,
Cheetham TD. Mutational analisis of the FOXP 3 gene and
evidence for genetic hetero-geneity in the immunodysregula-
tion, polyendocrinopathy, en-teropathy syndrome. J Clin
Endocrinol Metabol. 2003;88:6034-9.

Le Bras S, Geha RS. IPEX and the role of FOXP 3 in the
development and function of human Tregs. J Clin Invest. 2006;
116:1473-5.

Fuchizawa T, Adachi Y, Ito Y, Higashiyama H, Kanegane H,
Futatani T, et al. Developmental changes of FOXP3-expressing
CD4+CD25+ regulatory T cells and their impairment in patients
with FOXP3 gene mutations. Clin Immunol. 2007;125:237-46.
Bindl L, Torgerson T, Perroni L, Youssef N, Ochs HD, Goulet O,
et al. Successful use of the new immune-suppressor sirolimus in
IPEX (immune dysregulation, polyendocrinopathy, enteropathy,
X-linked syndrome). J Pediatr. 2005;147:256-9.

Yong PL, Russo P, Sullivan KE. Use of Sirolimus in IPEX and IPEX-
Like Children. J Clin Immunol. 2008 May 15. [Epub ahead of
print]

Zhan H, Sinclair J, Adams S, Cale CM, Murch S, Perroni L, et al.
Immune reconstitution and recovery of FOXP3 (forkhead box
P3)-expressing T cells after transplantation for IPEX (immune
dysregulation, polyendocrinopathy, enteropathy, X-linked) syn-
drome. Pediatrics. 2008;121:€998-e1002.

Baud O, Goulet O, Canioni D, LeDeist F, Radford I, Riev D.
Treatment of immune dysregulation, polyendocrinopathy, en-
teropathy, X-linked syndrome (IPEX) by allogeneic bone marrow
transplantation. N Engl J Med. 2001;344:1758-62.

Rao A, Kamani N, Filipovich A, Lee SM, Davies SM, Dalal J,
et al. Successful bone marrow transplantation for IPEX
syndrome after reduced-intensity conditioning. Blood.
2007;109:383-5.

Lucas KG, Ungar D, Comito M, Bayerl M, Groh B. Submyeloa-
blative cord blood transplantation corrects clinical defects seen
in IPEX syndrome. Bone Marrow Transplant. 2007;39:55-6.
Lucas KG, Ungar D, Comito M, Groh B. Epstein Barr virus induced
lymphoma in a child with IPEX syndrome. Pediatr Blood Cancer.
2008;50:1056-7.

Sharfe N, Dadi HK, Shahar M, Roifman CM. Proc Natl Acad Sci
USA 1997; 94: 3168-71

Torgerson TR. Regulatory T cells in human autoimmune
diseases. Springer Semin Immun. 2006;28:63-76.

Roifman CM. Human IL-2 receptor alpha chain deficiency.
Pediatr Res. 2000;48:6-11.

Caudy AA, Reddy ST, Chatila T, Atkinson JP, Verbsky JW. CD25
deficiency causes an immune dysregulation, polyendocrinopa-
thy, enteropathy, X-linked-like syndrome, and defective IL-10
expression from CD4 lymphocytes. J Allergy Clin Immunol.
2007;119:482-7.



	From autoimmune enteropathy to the IPEX (immune dysfunction, polyendocrinopathy, enteropathy, X-linked) syndrome
	Intractable diarrhoea
	Autoimmune enteropathy
	IPEX syndrome
	Clinical picture
	Immunologic findings

	FOXP3
	Regulatory T cells (Treg)
	Treatment of IPEX syndrome
	IPEX-like syndromes

	Conflict of interest
	References


