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Background: The immune dysregulation, polyendo-
crinopathy, enteropathy, X-linked (IPEX) syndrome is
arare genodermatosis associated with dermatitis, enter-
opathy, type 1 diabetes, thyroiditis, hemolytic anemia,
and thrombocytopenia. IPEX results from mutations of
FOXP3, a gene located on the X chromosome that en-
codes a DNA-binding protein required for development
of regulatory T cells. If untreated, affected males die early
in life from malabsorption and other complications. To
our knowledge, this syndrome has never been de-
scribed in the dermatology literature.

Observations: We studied an 11-year-old boy with
IPEX. Mutation analysis revealed a G—A transition
(1150G>A) in exon 11, resulting in a putative substi-
tution of Ala—Thr at residue 384, within the DNA-
binding site. Histopathologic examination of an active

skin lesion revealed psoriasiform dermatitis. The le-
sions improved with clobetasol ointment. The patient also
displayed alopecia universalis, which had been present
since age 18 months, accompanied by longitudinal ridg-
ing of the nails. Lymphocyte challenge tests revealed a
profound inability to synthesize interferon y (INF-y) and
dysregulated production of other cytokines.

Conclusions: IPEX is an often fatal genodermatosis as-
sociated with multiple autoimmune disorders. Cutane-
ous findings may include dermatitis, bullae, urticaria, alo-
pecia universalis, and trachyonychia. Recognition of this
life-threatening disorder is crucial for optimal treat-
ment and genetic counseling.
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HE IMMUNE DYSREGULA-

tion, polyendocrinopathy,

enteropathy, X-linked

(IPEX) syndrome (Mende-

lian Inheritance in Man
304790) is characterized by enteropathy,
diabetes mellitus, thyroiditis, hemolytic
anemia, thrombocytopenia, and dermati-
tis.!!° IPEX has been associated with mu-
tations of FOXP3,'* a gene that encodes
a DNA-binding protein that is required for
the generation of regulatory T cells.?>!’
IPEX is often fatal, with many patients dy-
ing in infancy due to enteropathy or in-
fection.

Although many previous reports of
IPEX have noted the presence of derma-
titis in affected individuals, to our knowl-
edge, IPEX has never been described in the
dermatology literature and photographs of
IPEX skin lesions have not been pub-
lished. Herein, we describe a case of IPEX
in an 11-year-old boy with unusual cuta-
neous findings and present data compar-
ing cytokine production in this patient
with that in healthy controls.

REPORT OF A CASE

A 9-year-old boy presented to our prac-
tice with well-demarcated, scaly erythem-
atous plaques on the trunk and extremi-
ties (Figure 1A). Many lesions had been
present for longer than 1 year. Addi-
tional dermatologic complaints included
alopecia universalis and longitudinal ridg-
ing of the nails (Figure 1B and C), which
both developed at age 18 months. The skin
lesions had failed to respond to inconsis-
tent prior therapy with 0.05% halobeta-
sol propionate ointment and 0.005% cal-
cipotriene ointment. A previous culture of
nail clippings was negative for fungal in-
fection, and empiric treatment with 1% ec-
onazole cream was unsuccessful. Addi-
tional dermatologic problems experienced
by the patient several years earlier in-
cluded atopic dermatitis and idiopathic ur-
ticaria.

The patient’s medical history was re-
markable for severe, chronic diarrhea,
which began at age 7 months. Stool cul-
tures for ova and parasites and tests for ro-
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Figure 1. Clinical photographs of the patient’s skin and nails. A, Chronic scaly erythematous plaques were present on the flexural and extensor surfaces of the
legs. B, Scaly, erythematous, eroded plaques on the penis and surrounding skin. C, Longitudinal ridging was present on numerous nails. D, Nonscarring alopecia
of the scalp, eyebrows, and eyelashes.

tavirus and Clostridium difficile toxin were negative. Test
results for antiendomysial antibodies were negative. A
small bowel biopsy specimen demonstrated partial vil-
lous atrophy and generalized disaccharidase deficiency
(values in micromole per minute per gram of protein):
lactase, 3.6 (normal >14.1); sucrase, 16.4 (normal >25.5);
maltase, 60.2 (normal >85); and palatinase, 1.8 (nor-
mal >4.3). Pancreatic enzyme concentrations in the duo-
denal fluid after challenge with intravenous secretin re-
vealed normal concentration of trypsin and very low
activities of lipase, amylase, and chymotrypsin. Exog-
enous pancreatic enzymes failed to control the diarrhea.
Total parenteral nutrition was initiated at age 8 months,
when the patient began a 3-month hospitalization. The
diarrhea waxed and waned despite treatment with pred-
nisone (0.5-2 mg/kg body weight per day) alone and in
combination with cyclosporine.

On admission, he was found to have leukocytosis
(white blood cell count, 17000/pL), eosinophilia (11%
of white blood cells), neutropenia (absolute neutrophil
count, 378/pL), and elevated immunoglobulin level (IgG,
1150 mg/dL [normal, 442-890 mg/dL]; IgA, 120 mg/dL
[normal, 31-77 mg/dL]; IgM, 150 mg/dL [normal, 19-55
mg/dL]; and IgE, 33 U/mL [normal, 1-17 U/mL]). Within
1 week, eosinophils comprised 26% of the total leuko-
cyte count and neutrophils were completely absent. An-

tineutrophil antibodies were detected. A bone marrow
biopsy specimen was remarkable for increased myeloid
precursors, with maturation arrest at the band stage. The
neutropenia persisted following 2 courses of intrave-
nous immunoglobulin at a dose of 1 g/kg body weight
given 1 month apart as well as a 2-week course of daily
prednisone with doses up to 2 mg/kg body weight per
day. While the prednisone dose was being tapered, therapy
with granulocyte colony-stimulating factor was initi-
ated at 10 pg/kg per day, and neutrophil counts in-
creased dramatically. A lymphocyte profile was normal
and the CD4-CD8 ratio was 3 (normal, 2.4-2.8). The di-
arrhea subsided as the neutropenia improved.

At age 2 years, the patient developed insulin-
dependent (type 1) diabetes mellitus and was found to
have a high anti-islet cell antibody titer. At age 3 years,
screening laboratory studies detected an elevated thyro-
tropin level (9.3 mIU/L [normal, 0.2-6.0 mIU/L]) and an-
tithyroid microsomal antibodies (1:400 [normal, 1:100]).
The serum thyroxine level was normal, and the patient
was clinically euthyroid. No antiadrenal antibodies were
detected. Results of lymphocyte proliferation studies on
mitogens (ie, phytohemagglutinin, concanavalin A, and
pokeweed) and antigens (ie, tetanus, diphtheria, strep-
tolysin O, and dermatophytin O) were normal except for
a depressed response to streptolysin O.
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Figure 2. Skin biopsy specimen of a new skin lesion on the left posterior
thigh (hematoxylin-eosin, original magnification x10). The biopsy findings
are consistent with psoriasiform dermatitis. Sections showed irregular
psoriasiform hyperplasia of the epidermis with overlying confluent
parakeratosis. Exocytosis of mature lymphocytes into the epidermis with
associated spongiosis was also noted. Immunocytochemical stains for CD4,
CD5, and CD8 (not shown) were positive in approximately 99% of the cells,
consistent with a predominantly T-cell infiltrate. Approximately 60% to 70%
were positive for CD8, and 30% to 40% were positive for CD4. Periodic
acid—Schiff stain results were negative for fungal organisms.

In the years that followed, the patient was hospital-
ized multiple times for exacerbations of diarrhea, hypo-
albuminemia, and uncontrolled diabetes. A gastros-
tomy tube was placed. Autoimmune neutropenia resolved,
but intermittent periods of mild to moderate lymphope-
nia occurred. The thyroiditis resolved spontaneously, and
thyroid hormone replacement was never required.

When the patient presented to us at age 9 years, a
skin biopsy was performed on a lesion that had devel-
oped within the preceding week, revealing psoriasiform
dermatitis (Figure 2). Based on the clinical history, a
diagnosis of IPEX was suspected. Sequencing of the FOXP3
gene (see “Mutation Identification” below) confirmed the
diagnosis. Serum was negative for antibodies to the ATE-75
intestinal antigen.'®° Pimecrolimus (0.1%) cream ap-
plied twice daily for 1 month was ineffective, but a re-
trial of an ultrapotent topical corticosteroid (clobetasol
propionate) was successful with consistent therapy.

The patient developed perianal fistulae at age 9 years.
The esophagus was normal on endoscopy. A gastric bi-
opsy specimen showed a mild chronic gastritis negative
for Helicobacter pylori. A duodenal biopsy specimen dem-
onstrated focal villous atrophy with an infiltrate of lym-
phocytes and plasma cells in the mucosa; intraepithelial
lymphocytes (as seen in celiac disease) were not promi-
nent. Findings from biopsy of the colon revealed chronic
colitis with mild activity. There were no granulomas or
significant architectural distortion, and changes were
somewhat suggestive, but not diagnostic, of inflamma-
tory bowel disease (IBD). Increased numbers of T cells
(CD3") were identified in the lamina propria of the gas-
tric, duodenal, and colonic biopsy specimens. Evalua-
tion for serologic markers of IBD was performed using
the IBD FIRST STEP system (Prometheus Laboratories,
San Diego, Calif). Test results were positive for peri-
nuclear antineutrophil cytoplasmic antibodies (13.9 ELISA
units [EU]/mL [normal <12.1 EU/mL]), showed el-
evated anti-Saccharomyces cerevisiae mannan level (IgA,

37.2 EU/mL [normal <20.0 EU/mL]), and were nega-
tive for anti—S cerevisiae mannan IgG and anti-OmpC.

At age 10 years, the patient experienced worsening
of his chronic diarrhea, accompanied by severe anemia (he-
matocrit, 14%). The cause of the anemia was not deter-
mined, but autoimmune destruction and gastrointestinal
bleeding were excluded. An upper gastrointestinal tract
radiography with small-bowel follow-through revealed cir-
cumferential wall thickening and mucosal irregularity of
the terminal ileum, suggestive of Crohn disease. Inflix-
imab was administered at a dose of 6 mg/kg body weight
and administered again 2 and 4 weeks later. After 1 month,
stool frequency decreased and consistency increased. These
remained stable for over 6 months. At age 11 years, the
patient developed additional intermittent episodes of in-
creased stool frequency, which have been managed with
parenteral nutrition.

— T

CONSENT

Written informed consent was obtained from the patient’s
mother to obtain blood specimens for genetic testing and cy-
tokine studies. Written informed consent was also obtained from
the 2 control patients who donated blood specimens for cyto-
kine studies.

MUTATION IDENTIFICATION

Genomic DNA was extracted from peripheral blood mono-
nuclear cells using the QIAamp DNA Blood Mini Kit (Qiagen,
Valencia, Calif) according to the manufacturer’s recommen-
dations. Each of the 11 exons of the human FOXP3 gene (in-
cluding at least 45 base pairs of intronic sequence of each exon/
intron boundary) were amplified for analysis by the polymerase
chain reaction (PCR) using 7 primer pairs. Polymerase chain
reaction was performed using a PTC-100 thermal cycler (M]
Research Inc, Waltham, Mass) with the following conditions:
approximately 75 ng of genomic DNA template, 1 cycle at 94°C
30 seconds, 57°C for 1 minute, and 72°C for 1 minute, with a
final extension at 72°C for 5 minutes. Polymerase chain reac-
tion products were purified using the QIAquick PCR purifica-
tion kit (Qiagen). Sequencing was performed on fluorescent-
labeled DNA using the ABI PRISM big Dye Terminator Cycle
Sequencing Ready Reaction Kit (Perkin Elmer, Foster City,
Calif), and chromatograms were generated on an Applied Bio-
systems (Foster City, Calif) Model 377 DNA sequencer accord-
ing to the manufacturer’s instructions. The A of the first ini-
tiation codon (ATG) is counted as nucleotide number 1.2

IMMUNOLOGIC STUDIES

At the time the diagnosis of IPEX was confirmed by sequence
analysis, peripheral blood was collected from the patient and a
healthy control, diluted 10-fold with Iscove’s Modified Dul-
becco’s Medium (Life Technologies, Rockville Md) supple-
mented with 0.1% fetal calf serum (Hyclone; Logan, Utah), then
dispensed into 24-well culture dishes (Becton-Dickinson Bio-
sciences, Bedford, Mass) in 1-mL aliquots. The cultures were
incubated at 37°C in a 7% carbon dioxide atmosphere in the
presence of lipopolysaccharide (LPS [1 pg/mL]; Sigma Chemi-
cals, St Louis, Mo) and IFN-y (1000 U/mL) (R&D Systems, Min-
neapolis, Minn) or concanavalin A (ConA [10 pg/mL]; Sigma
Chemicals) and phytohemagglutinin-P (PHA [1 pg/mL];
Sigma Chemicals) or antihuman CD3 antibodies (anti-
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Figure 3. Production of soluble immune mediators from peripheral blood cells of a patient with the immune dysregulation, polyendocrinopathy, enteropathy,
X-linked syndrome vs healthy controls. Heparinized peripheral blood was diluted 10-fold with Iscove’s Modified Dulbecco’s Medium (Life Technologies, Rockville
Md) supplemented with 0.1% fetal bovine serum and cultured for 3 days with nothing or with optimal concentrations of lipopolysaccharide (LPS) and interferon
(IFN) -y, concanavalin A (ConA) and phytohemagglutinin-P (PHA), or with anti-CD3 and anti-CD28 antibodies, as described in the “Methods” section. Cell-free
culture media were harvested and assayed by enzyme-linked immunoabsorbent assay for interleukin (IL) 6, IL-8, monocyte chemoattractant protein 1 (MCP-1),
prostaglandin E, (PGE,), IL-12, and IFN-y content. Production of each mediator is expressed as a percentage difference compared with normal peripheral blood

cells treated similarly. Results are the average of 2 experiments.

CD3 [1 pg/mL]; BD PharMingen, Franklin Lakes, NJ) and
antihuman CD28 antibodies (anti-CD28 [250 ng/mL]; BD
PharMingen). Cell-free culture supernatants were collected 72
hours later and analyzed by standard sandwich enzyme-
linked immunoabsorbent assays for human interleukin (IL) 6,
IL-8, IL-12 (p70), INF-y, and monocyte chemoattractant pro-
tein 1 (MCP-1; R&D Systems), or analyzed by competitive im-
munoassay for prostaglandin E, (Cayman Chemical, Ann Ar-
bor, Mich) to determine soluble concentrations of each.
Untreated samples received no additions to culture medium.
At the time of these studies, the patient was not taking any im-
munosuppressive medication.

— T

MUTATION IDENTIFICATION

Sequencing of the patient’s genomic DNA revealed a G—A
transition (1150G>A) in exon 11, resulting in a substi-
tution of Ala—Thr at residue 384, within the DNA-
binding domain of FOXP3. An identical mutation was sub-
sequently detected in 1 allele in the patient’s mother and
sister, accompanied by a normal allele. No mutation was
identified in the patient’s maternal grandmother.

IMMUNOLOGIC STUDIES

A previous report'! revealed PHA-derived T lympho-
blasts from a patients with IPEX were poorly inducible
for messenger RNA (mRNA) for IFN-y, whereas mRNAs
encoding the type II cytokines were augmented. In our
patient, peripheral blood cells were activated in vitro for
72 hours with stimulants known to activate T cells
(ConA/PHA and anti-CD3/anti-CD28) as well as mono-
cytes (LPS and IFN-y) to assess selected type I (IL-12
and IFN-y) and type II (IL-4 and MCP-1) cytokines, as
well as modulators of innate immunity (IL-6, IL-8, and
prostaglandin E,).

Blood from the patient with IPEX was compared with
blood from a healthy control (Figure 3). In the ab-
sence of exogenous stimulation there was virtually no pro-
duction of any mediator. Production of IFN-y was mini-
mal, regardless of stimulant. Levels of IL-12 were markedly
depressed in blood stimulated with LPS and IFN-y. Pro-
duction of IL-4 is not shown, since we were unable to
obtain consistent IL-4 production in his sample or in the
healthy control. High levels of MCP-1, a type II cyto-
kine closely linked to IL-4 production,* were generated
after stimulation with LPS and IFN-vy. Production of IL-6
and IL-8 was elevated and normal, respectively, when
blood cells were stimulated by LPS and IFN-v, whereas
both were depressed after stimulation with ConA/PHA
and anti-CD3/anti-CD28. Production of prostaglandin E,,
a proinflammatory and immunoregulatory mediator, was
moderately depressed in blood cells activated with LPS
and IFN-vy, markedly depressed in cells stimulated with
ConA/PHA, and essentially normal in cells stimulated with
anti-CD3/anti-CD28.

— T

In 1982, Powell et al' described a family with an X-linked
syndrome characterized by early onset of diarrhea, diabe-
tes mellitus, dermatitis, and early death. Since then, addi-
tional kindreds have been identified, and other observed
features include hypothyroidism, hemolytic anemia, en-
teritis due to antienterocyte antibodies, increased inci-
dence of infections, hemolytic anemia, food allergy, el-
evated IgE levels, and nephropathy.!#810.11.18.19

Recently, mutations of FOXP3, which encodes scur-
fin, a DNA-binding protein involved in the generation
of regulatory T cells, were identified in several IPEX fami-
lies.!"** Prior to this discovery, a naturally occurring mu-
tation of FOXP3 was identified in the scurfy mutant
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Outcomes of Allogeneic Bone Marrow Transplantation for Inmune Dysregulation,
Polyendrocrinopathy, Enteropathy, X-Linked Syndrome
Patient Age at

No.* Transplantation, mo Donor Outcome

e 4 Sibling, matched Marked improvement in diabetes, diarrhea, and dermatitis during
conditioning regimen. Remission for 29 months, followed by
death from a rapidly progressive hemophagocytic syndrome.

2dih 9 Sibling, matched Well 2 years after transplantation; all autoimmune disease resolved
except diabetes; allergies resolved.

&k 4 Unrelated, matched Improvement in enteropathy, renal function for 7 months since
transplantation; food allergies persisted.

4% 17 Unrelated cord blood stem cells, Initial improvement in diarrhea and rash; death from graft-vs-host

partially matched disease 2 months after transplantation.

o2 13 Sibling, matched Significant reduction in stool frequency and volume for several
months; 5 months after transplantation, diarrhea returned and
patients died of bone marrow failure and adenovirus infection.

6° 9 Unrelated donor, matched Death 3 months after transplantation from pulmonary infection and
lymphoproliferative disorder.

*Numerical references denote the original descriptions of the patients’ clinical features.
tHoward M. Lederman, MD, Baltimore, Md, written communication, January 2003.
fLuke J. Whitesell, MD, Tucson, Ariz, written communication, December 2002.

mouse." Scurfy mice develop scaly skin, diarrhea, Coombs-
positive anemia, thrombocytopenia, gastrointestinal tract
bleeding, hypogonadism, leukocytosis, lymphadenopa-
thy, and cachexia and die within a few weeks of birth.>*
Scurfy mice have been found to lack regulatory T cells,
which are critical suppressors of autoimmunity.'” Fur-
thermore, regulatory T cells are the predominant site of
FOXP3 expression, and gene knockout experiments have
demonstrated that FOXP3 is necessary for their devel-
opment.'” Scurfy T cells display increased levels of cel-
lular proteins associated with activation, including CD69,
CD25, CD80, and CD86. Increased immune activity leads
to increased production of IL-2, IL-4, IL-5, IL-6, IL-10,
IFN-vy, and tumor necrosis factor a.. Scurfy T cells are less
sensitive than healthy controls to cyclosporine and to in-
hibitors of tyrosine kinases such as herbimycin A and
genistein.”* Thus, defective FOXP3 in scurfy mice leads
to loss of regulatory T cells, increased immune activity,
and loss of natural safeguards against autoimmunity. It
is likely that similar mechanisms account for the spec-
trum of autoimmune disease seen in humans with IPEX.

The missense mutation Ala384Thr identified in our
patient affects the forkhead/DNA binding domain of scur-
fin.? The same missense mutation has been identified in
2 other unrelated patients with IPEX. Most mutations
identified to date affect the forkhead domain or result in
loss of product.*? Schubert et al*> have demonstrated that
overexpression of scurfin in a mouse model attenuates
activation-induced IL-2 production and cell prolifera-
tion. In addition, they demonstrated forkhead binding
sequences adjacent to the NFAT (nuclear factor of acti-
vated T cells) regulatory sites in the promoters for IL-2
and granulocyte-macrophage colony-stimulating fac-
tor. Itis therefore possible that IPEX patients fail to down-
regulate immune function because of lack of protein or
because the mutated forkhead domain cannot properly
bind to DNA.

Immunosuppressive agents seem to be beneficial in
the treatment of IPEX. Long-term control of gastroin-
testinal symptoms with cyclosporine was reported as early

as 1990.% In a Japanese child with IPEX, diarrhea was tran-
siently controlled with cyclosporine though long-term
control was achieved only with combined betametha-
sone and tacrolimus treatment.>!#18:19:20

Allogeneic bone marrow transplantation has been used
with mixed results (Table). Interestingly, the symptoms
of IPEX in transplantation patient 1 remained controlled
even when donor engraftment declined to 28%. Patients
5 and 6 also remained clinically stable despite major de-
clines in donor engraftment. It is possible that even lim-
ited numbers of normal regulatory T cells are sufficient
to attenuate the remaining abnormally reactive T cells of
host origin. This may explain the absence of disease in fe-
male heterozygotes who have random X chromosome in-
activation.”” Indeed, in the scurfy mouse, normal T cells
have been shown be curative.'” We have chosen to defer
bone marrow transplantation in the case of our patient ow-
ing to his high overall functional status.

Dermatitis has been reported frequently in IPEX pa-
tients, 08102729 and skin biopsies have been performed
in several patients. One case described spongiotic pso-
riasiform epidermal hyperplasia accompanied by para-
keratosis, thick suprapapillary plates, dilated blood ves-
sels, a superficial perivascular infiltrate of lymphocytes
and histiocytes and mild exocytosis.* A skin biopsy speci-
men from a 4-year-old boy demonstrated nonspecific lym-
phohistiocytic dermal infiltrates; treatment with topical
and parenteral corticosteroids and topical cyclosporine
A were only minimally beneficial.® Three years later, this
same patient developed 0.5- to 1.0-cm bullae; a skin bi-
opsy specimen demonstrated subepidermal blisters. Im-
munofluorescence showed deposits of IgG along the roof
of the blister as well as deposits of C3 along the roof and
the floor of the blister in a granular pattern, consistent
with bullous pemphigoid. The blisters improved sub-
stantially following treatment with dapsone, cyclospor-
ine, and prednisone.

The fixed, nummular plaques observed in our pa-
tient have not been described in other patients with IPEX.
The lesions failed to respond to occasional use of an ul-
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trapotent topical corticosteroid but responded when one
was applied regularly. Likewise, to our knowledge, this
is the first report describing the presence of alopecia uni-
versalis in a patient with IPEX, although at least 1 other
IPEX patient is known to have developed this condition
in childhood (H.O., unpublished observation, July 2001).
We suspect that the cause of the patient’s alopecia is au-
toimmune, and his nail findings are consistent with those
seen in alopecia areata. Our patient has also had inter-
mittent urticaria, although this has been dormant in re-
cent years.

Using a panel of serologic markers that have been
associated with IBD, we found positive perinuclear an-
tineutrophil cytoplasmic antibodies antibodies and IgA
anti-S cerevisiae mannan antibody. According to refer-
ence data supplied by the test manufacturer, the pattern
of markers seen in our patient is observed in fewer than
3% of all patients with confirmed IBD and has not been
observed in healthy controls. Of patients with IBD who
displayed this pattern, 49% have Crohn disease and 51%
have ulcerative colitis. The decreased disaccharidase ac-
tivity observed while the patient had severe villous at-
rophy is most likely due to loss of villi.

Our patient’s neutropenia was accompanied by the
presence of antineutrophil antibodies, a finding that has
not yet been reported in IPEX. The cause of his recent ane-
mia is puzzling; many features suggest hemolytic ane-
mia, but Coombs testing results were always negative.

When activated in vitro, our patient’s mono-
nuclear cells failed to produce IFN-y and IL-12 (type 1
cytokines) and produced a pattern of other lympho-
kines that differed from healthy controls, suggesting a
fundamental cytokine dysregulation in IPEX. Chatila et
al'! have studied the expression of cytokine mRNA in 2
patients with IPEX and showed that expression of IFN-y
mRNA was diminished with respect to controls, whereas
expression of mRNA for the T2 cytokines IL-4, IL-5, IL-
10, IL-13 was increased. This skewing of the immune sys-
tem of IPEX patients toward the T2 pathway, as exem-
plified in our patient who failed to produce the Tyl
cytokine IFN-vy, is consistent with the clinical findings
of dermatitis, food allergy, and elevated IgE levels."!

IPEX shares similar clinical features with autoim-
mune polyendocrine disease type I (APS I, Mendelian In-
heritance in Man 240300), also known as autoimmune
polyendocrinopathy candidiasis-ectodermal dystrophy, an
autosomal dominant disorder that results from muta-
tions in the autoimmune regulator (AIRE) gene on chro-
mosome 21, which also codes for a DNA-binding pro-
tein. Patients with autoimmune polyendocrinopathy
candidiasis-ectodermal dystrophy often develop multisys-
tem autoimmune endocrine disease accompanied by alo-
pecia universalis, and diarrhea. These patients typically pre-
sent in childhood with chronic mucocutaneous candidiasis,
hypoparathyroidism, and adrenal insufficiency.*

In conclusion, a dermatologist who sees a patient
with dermatitis or alopecia universalis accompanied by
other autoimmune disease should consider that these may
be features of a single genodermatosis rather than dis-
parate findings. Proper diagnosis will guide therapy, which
may include systemic immunosuppression or stem cell
transplantation. Testing for mutations of FOXP3 will con-

firm the diagnosis in affected patients and facilitate ge-
netic counseling of female family members concerning
carrier status.
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