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I ntroduction

The term ,chronic mucocutaneous candidiasis (CM&3% introduced in the late 1960s, and
defines a heterogenous collective group of inh@ritenditions characterized by chronic,
recurrent or persistent superficial mucocutanemisctions, caused by members of the
Candida genus, mostly the commengadndida albicans, an ubiquitous, opportunistic yeast;
affecting the skin, nails and mucosal surfa€&mndida change from commensal to pathogen,
only if the homeostasis between the virulence ef fiimgus and the resistance of the host
immune system is damaged. CMC frequently occueaity childhood and newborn age, and
is also common in patients with broad and profowodyuired or inherited T-cell deficiencies.
Principally, the most common manifestation is reent candidiasis of oral and eosophageal
epithelial surfaces, and in case of CMC, patieately develop disseminated or systemic
invasive Candida infections. Severe oropharyngeal candidiasis resnammmon in HIV-
infected patients and was the most frequent opptio fungal infection in these patients
before the introduction of effective antiretrovitaéatments. It is also seen in patients with
immunosuppressive, antibiotic or steroid treatmeiitse first sporadic CMC cases were
described in the 1960s but its genetic causes ramainknown until recently. The first
familial cases, typically with inheritence as arto@omal dominant trait or, rarely, as an
autosomal recessive trait in some consanguineonsida, were reported in the 1970s. Over
the next 40 years, other sporadic and familial €asere reported, suggesting that CMC
results from gene lesions in at least some patiént@sive candidiasis, dermatophytosis,
bacterial infections of the respiratory tract, st@pcoccal diseases of the skin and
autoimmune components have been reported as addisgmptomes in CMC patients. The
further genetic and immunological dissection ofpthogenesis of CMC should delineate the
function of various genes, controlling and medigtthe IL-17 signalisation and Th17 cell
development. Predisposition to mucosal and skinlidéasis is a hallmark of several primary
immunodeficiency disorders (PIDs), especially agged with impaired CD4+IL-17+ T cell
immunity. Nevertheless, CMC may be the only or prencipal disease manifestation in
patients with some immundeficiencies, such as ARTE and AR IL-17RA deficiencies, and
gain-of-function (GOF) mutations of STAT1. Thiseasondition of essentially isolated CMC
(about 1/100 000 individuals) nowadays is ofteemefd to as ,CMC-disease” (CMCD). The
complex group of CMC syndromes can be subclassifiedording to spreading and
distribution and by the underlying pathomechanisimove all, CMC is diagnosed clinically,

and byin vitro isolation and cultivation ofandida from smear, and the molecular diagnosis



can be revealed by functional and mutational amglymsed on the known underlying signal

transduction pathways and genetic defects.

Autoimmune polyendocrine syndromes (APS) are ré&serders, characterized by the
coexistence of at least two endocrine gland inciefficies mediated by autoimmune
machanisms. Additionally, nonendocrine immune congmbs may be present. According to
the Neufeld and Blizzard Classification of 198Crthare four main types of APS. The first
description of the assotiation between hypoparattism and candidiasis was reported by
Thorpe and Handley in 1929, the condition was comgnaeferred to as Schmidt's
syndrome, after the German pathologist who studietbimmunity to more than one
endocrine organ. APS associated with CMC is a aatesomal recessive disease and is also
referred to as autoimmune polyendocrinopathy-caasisiectodermal dystrophy -
(APECED) syndrome. Research into APS 1 has shed lightv on normal self-tolerance
induction in the thymus and how its breakdown leadsutoimmunity. APECED is caused by
a loss-of-function mutation of the autoimmune retpd gene AIRE), resulting the
production of a mutant AIRE protein, which allowst@eactive T cells to escape negative
selection in the thymus, leading to autoimmunity v@ious endocrine organs and the
production of autoantibodies against self-antigersgzymes, which have important role in
synthesis of hormons and neurotransmitters, antu&rcytokines. APS 1 is classically
defined by the association of at least two of thmeajor disease components: chronic
mucocutaneous candidiasis (CMC), primary hypoparattism and autoimmune adrenal
insufficinecy, which was not related to the syndeoumtil 1946.

Aims of the study

1. To analyse the clinical data of autoimmune poliemoh@ syndrome type | patients
and their family members by focusing on diseaseii@stations, laboratory findings
and organ specific autoantibody profiles. We stddigow early their various
manifestations and autoantbodies appeared, andgzadathe correlation between

organ specific autoantibody production and organctions.

2. To investigate the genetic heterogenity and gemafgpotype correlations of 19

autoimmune poliendocrine syndrome type | patiemsf7 different countries.



3. To measure anti-cytokine autoantibody levels teerieukin-17A, interleukin-17F,
interleukin-22 and type | interferons in sera ataammne poliendocrine syndrome
type | patients, and to analyze the correlationwbeh anti-cytokine autoantibody
levels and the clinical manifestations, especialyonic mucocutaneous candidiasis.
We planned to show chronological relationship betwethe production of
autoantibodies and the development of clinical sigmof autoimme

polyendocrinopathy-candidiasis-ectodermal dystrapmdrome.

4. To study anti€andida cytokine responses of autoimmune polyendocrimai®me
type | patients, by measuring interleukin-17 amdrleukin-22 secretion b§andida-

exposed peripheral blood mononuclear cells.

5. To examine in vitro differentiation of CD4+ intedkin-17+ /interleukin-22+ T helper

cells.

6. To follow up a patients from 7 week of age who ieatR257X/R257X mutation of
autoimmune regulatoin order to detect the very first clinical and ladtory

manifestations of autoimmune polyendocrine syndriype |.

M aterials and methods

Patients

We tested 19 patients from seven countries: sieipatfrom Hungary (P1-P6), three patients
from the USA (P7-8, P13), three patients from Fdla(P9-10, 14), two patients from

Sardinia (P11, P19) two patients from Norway (FAB8) and two patients from Russia (P16-
17) and one patient from Azerbaijan (P12). Withomied consent and ethics committee
approval, sera were collected at diagnosis of ABiSsbon afterwards, or beforehand in three,

at first sampling-time, as yet unaffected sieblingknown patients.
Serum samples

Blood was taken under aseptic conditions and semas isolated by centrifuging blood at

2,500 rpm (550%g ) for 10 min at room temperatdauots of the samples from the patients



and healthy controls were frozen at —20 °C untié.uRoutine Laboratory Assays Anti-
endocrine organ antibody levels, clinical chemisagd immunology parameters were
determined by routine laboratory assays with fregdlated serum.

Human blood cells

Peripheral blood mononuclear cells (PBMCs) werdated from the patients and controls.
After density gradient centrifugation and removithee mononuclear cell layer, the cellswere
washed several times in Krebs-Ringer PhosphateePufthe cells were resuspended in
Dulbecco’s modified Eagle’s Medium (DMEM; Sigma-Aich, St. Louis, MO). PBMCs

(5x1@ cells/well) were incubated either alone or in thesence of heat-killed C. albicans, at
37 °C, in 96-well round-bottomed culture platesdysi After the incubation, the plates were
centrifugedand the supernatants were removed aneldsat —20 °C for the determination of

cytokine concentrations.
Candida

C. albicans (ATCC 10231) was maintained on Sabouraud dextagar at 4 °C and
stationary-phase cultures were prepared by indogl@ ml of DMEM. Heat-killedCandida
was prepared by inoculating 5 ml SalSol (TEVA, Begen, Hungary) witlCandida and
incubating the culture at 56 °C for 60 min. We deet that the heat inactivation was
effective by transferring various dilutions GBndida suspension onto Sabouraud dextrose
agar and incubating for 48 h.TRandida suspension was then centrifuged at4,000xg for 10
min and the cell pellet was resuspended in Krelog&i phosphate buffer with dextrose
(KRPD)/ in DMEM. The density of heat-inactivat@indida was adjusted to £0nl with a

McFarland densitometer.
Routinelaboratory assays

Anti-endicrine organ antibody levels, clinical chetry and immunology parameters were

determined by routine laboratory assays with fregdlated serum.
Analysis of autoimmuneregulator gene mutations

Genomic DNA was sequenced by amplifying the exond #anking intron regions of
AIREby PCR. Amplicons were sequenced with the Big Dgeminator cycle sequencing kit
(Applied Biosystems, Foster City, CA, USA) and amadd with an ABI PRISM 3130
capillary sequencer (Applied Biosystems). Sequemciations were described with respectto



a reference sequence (GenBank accession No. ENSUROD582) for AIRE cDNA, in
which the c.1 position corresponds to the A of WEG translation initiation codon.
Mutations are designated as recommended by dendduaomd Antonarakis.

Organ specific antibody assays

Organ-specific autoantibodies against 21-hydroxyl@&lOH), side-chain cleavage enzyme
(SCC), aromatic L-amino acid decarboxylase (AADACHT leucine-rich-repeat protein 5
(NALP-5), tryptophan hydroxylase (TPH) and glutaramd decarboxylase (GAD-65) were
assayed by radio-immunoassays, as for cytokineaatibmdies (Wolff et al. 2010). In RIA,
levels of autoantibodies are estimated based asiiye control (index 1000) and a negative
control (index 0). A threshold value is createddaaen the mean of a pool of healthy blood
donors (N=50-150). This assay has the drawbackvaiggfairly high background signals,
but is a very effective semi-quantitative autoamdp assay tool which demands little time
and volume of sample. Positive results usually eaingm the threshold value, which differs
between the different autoAbs (between 48 and 2008pout 1500. Some patient sera were
assayed for ovary, adrenal and islet cell antitodig routine indirect immunofluorescence

tests.
Anti-cytokine antibody assays

Levels of serum autoantibodies binding to IL-17RA;17F, IL-22, IFNa and IFNe were
determined by ELISA. Briefly, cytokine samples (IZA, IL-17F and IL-22 from Peprotech,
EC, London; INFe and IFNe from Rocky Hill, NJ, USA) were diluted in PBS (Qd/ml).
We then coated Nunc MaxiSorp immunosorbent 96-flatibottomed plates with 1Q0 of
cytokine suspension/well and incubated the platesrmght at 4 °C. The supernatant was
removed and the nonspecific binding sites were Kgdcby incubation for 2 h at room
temperature with 10Ql of blocking buffer (0.1 % Tween-20, 3 % bovinewsa albumin in
PBS) per well. The plates were then washed fouegimith washing buffer (0.1 % Tween-20
in PBS). Serum samples were diluted 1:1000 in bfackuffer, and 10Qu of the dilutions
was added to wells and incubated for 1 h at roanpé&gature. The plates were washed four
more times. Alkaline phosphatase-conjugated goathaman IgG was diluted 1:10000 in
antibody buffer, and 100l was added to each well. The plates were therbisiewd for 1 h at
room temperature. The plates were washed five timi#ls washing buffer and antibody

binding was visualized by adding a solution of shustrate, p-nitrophenol, according to the



manufacturer's protocol and determining absorbaacet05 nm, with a Multiskan EX

photometer (Thermo Scientific,Shanghai, Chinagraficubation in the dark for 4.5 min.
I gG antibody subclass assay

Autoantibody subclasses were determined as dedcpi@viously by Krner et al. In brief,
streptavidin agarose resin (Invitrogeryl Joer well) was incubated for 1 h with biotin-
conjugated anti-human subclass-specific antibadiiesn BD Pharmingen against IgG1, 1gG2
and IgG4, and from Invitrogen against IgG3) in 9éHwMultiScreen filter HTS plates
(Millipore, Bedford, MA, USA), and washed. At tharse time, APS-I or control sera (1:25)
were incubated for 1 h with 10uminescence units of luciferase-linked IL-22 BNk 2a;
any immune complexes were then captured onto tla¢edobeads. After washing, their
luminescence intensities were measured in a 145@oReta TriLux Liquid Scintillation
Counter & Luminometer (Perkin Elmer Life Sciencé&ltham, MA, USA).

M easurement of cytokine concentrations

The concentrations of IL-17A, IL-17F, IL-22 and TNFin the supernatants of Candida -
exposed PBMCs were determined by sandwich enzymkedi immunosorbent assays
(Quantikine, R&D Systems, MN, USA). All experimentgere performed in duplicate or

triplicate.
Differentiation and flow cytometry analysisof 1L-17 and IL-22 producing T cells

PBMCs from patient and healthy control were pudfiey gradient centrifugation (Ficoll-
Paque PLUS, GE Healthcare). PBMCs were washede&stimith 1X Phosphate buffer saline
(PBS; Sigma-Aldrich) and suspended in RPMI-1640ptmented with 10% foetal bovine
serum (FBS; Sigma-Aldrich). Adherent cells were oged by incubation at 37°C for 4 hours
in RPMI. Non-adherent leukocytes were stimulatéith & pg/ml anti-CD3 (Miltenyi Biotec,
Bergisch Gladbach, Germany) and treated with atedalf different cytokines: recombinant
human interleukin (IL)-23 (20ng/ml), ILAL (10 ng/ml), IL-6 (50 ng/ml), and human
transforming growth factor (TGH)-(5 ng/ml); all from PeproTech. After two days, RPM
medium containing with cytokines listed above ahdspgL-2 (22 ng/ml) were added into the
cells and another two days we added again RPMIumeekith cytokines. The following day,
the cells were treated with 50 ng/ml phorbol 12-stgte 13-acetate (PMA; Sigma-Aldrich)
and 10° M ionomycin (IMC; Sigma-Aldrich) in the presencébug/ml GolgiPlug (Sigma-
Aldrich) for 6 hours at 37°C. The cells were theasiwed with washing buffer (2% FBS-



bovine serum albumin (BSA)-PBS). For the surfadeliing the cells were stimulated with
allophycocianin (APC)-conjugated mouse anti-hCD&,IghAb (BD, San Jose, CA, USA) or
Peridinin chlorophyll (PerCP)-conjugated mouse -a@bD3 IgG mAb (BD) for 30 min at
4°C. They were incubated with Fixation Medium Ayitnogen, Camarillo, CA, USA) for 15
min at 4°C. The cells were then washed with washimier and stained in Perm Medium B
(Invitrogen) with phycoerythrin (PE)-conjugated nsewanti-human IL-17A IgGmAb (R&D
Sytems, Minneapolis, MN, USA) and fluorescein isotlganate (FITC)-conjugated anti-
human IL-22 1gG mAb (R&D Sytems) for 30 min at 4°C and after washisteps
resuspended in 1% paraformaldehyde to analyseAgithriC6 cytometer (BD).

Results

Clinical presentation

Sample were tested from 19 APS | patients. AmoegdHL9 subjects, we have noted mild or
severe CMC in 15, HP in 14 and 11 had AD. The naaset-ages of the major or minor
manifestations were 45,7 months (range 12 month®at3). The mean onset-ages for CMC
were 61,6 months (range 12 months-21years), fomdie 63,7months (range 18 months-11
years), and for AD were 110,8 months (range 48 hwf6,4 years). 7 of the 19 patients
presented the classical diagnostic triad of APBefore 7 years of age, 15 of the 19 subjects
fulfilled the traditional diagnostic criteria for?S-1, having at least two of the CMC, HP and
AD triad; in addition, one patient had CMC plusaffected sibling at onset. In 18 subjects,
mutations were detected in both AIRE alleles, bua icase of one patient only in one allele,
he only had HP. In an other case, despite homaiygimr the R257X AIRE mutation, still
only has dental enamel dysplasia, alopecia unilieraad neail dystrophyby age 10, whereas
his sister had developed both CMC and HP till the &8 months.

Genetic data

Eight patients were found to be homozygous for ¢dt69C>T nonsense mutation of the
AIRE gene, which replaces the arginine codon initjprs 257 with a stop codon

(R257X/R257X). The available, tested parents of esgratients were heterozygous for the
mutant allele, consistent with autosomal recessiheritance for this trait. Heterozygosity



was also detected in the available siblings of epési. Five patients carry the
C.769C>T/c.1344delC or c.1344delC/c.769C>T compoheterozygous mutations in the
AIRE gene. One patient were found to be homozygoush#ctl344delC, one for the C302Y
mutation, one for the R139X and one for the 520Xtations. One patient carry the
€.1344delC/R92W compound heterozygous mutatiohetRE gene (Table 2.).

Autoantibodiesagainst IL-17A, IL-17F and IL-22

OD values for autoantibodies against IL-22 werehbigfor all patients than for healthy
controls. In Patient 1, anti-IL-22 values increageaddually between the ages of 81 and 102
months. OD values for anti-IL-22 antibodies weighgly higher in the adult patients than in
children. By contrast, the levels of anti-IL-17Ataantibodies differed considerably between
patients. These levels were higher in Patient 2 thahe other patients. Patient 2, who had
presented CMC since the age of 18 months, hadspemtly high anti-IL-17A levels. Patient 2
was referred to our center at the age of 4 yeard,umfortunately no serum samples were
available for antibody testing before this age. bi@ther, who had no signs of CMC (Patient
1), had low or undetectable levels of anti-IL-17&tiaodies over the period of observation.
Patient 3, with no signs of mucosal or skin carai, also had low or undetectable anti-IL-
17A antibody levels over a period of 4 years. Santyi, OD values for anti-IL-17A antibodies
in Patients P4, P5, and P6, who had candidiasasssifgle fingernail beginning at the age of
17 years (P5), angular cheilitis of unknown etigi@nce the age of 21 years (P6) or three
short episodes of mucosal candidial disease dultiegfirst 3 years of life (P6), were
negligible, as shown by comparison with controluesl and with those for Patient 2, who had
prolonged, severe CMC. OD values for IL-17F wetenmediate, between those obtained for
anti-IL-17A and anti-IL-22 antibodies, and were mairrelated with the severity of CMC.
Experiments were performed to measure OD valuestiflL-17A and anti-IL-22 in sera of
Patients 1, 2 and 3 by using varying serum conataofrs. Data of these experiments
confirmed the differences in OD values found witsirgle dilution of sera.

Autoantibodies against type | interferons

OD values for antibodies against IFNand IFNewere measured in three patients, and were
high and similar in Patients 1 and 3. In Patienwwv2h CMC, the low anti IFN® antibody
level contrasted with the high level of anti-IFeNantibodies. In Patient 3, who was followed

up from early infancy, we observed a gradual ineeeen the levels of IFN- and IFN&



antibodies until the age of 14 months. Autoantibpdyduction began at the age of 7 months

and sustained increases in the levels of theskagis resulted in high OD values later on.
IgG subclass analysis of IFN-a2 and IL-22 antibodies

Karner et al have recently reported high propogiohlgG4, in addition to IgG1, among the
autoantibodies against IF&2 and IL-22 in APS-I patients. IgG1 was again plengin all
the autoantibodies detected in 6 of the presenjesish Surprisingly, against 1L-22, there
were already substantial proportions of IgG4 at anths in P3 (with traces of 1gG2 and
IgG3); also as early as 42 months in P13, whenrg ¢éixeeeded those of IgG1. Against IFN-
a2, IlgG4 again constituted a substantial proporitioR3 (at 30 months) and P10 (30 months),
but not in the two other seropositive patients.

Organ-specific autoantibodies

We detected high levels of autoantibodies agaithstreal cortex or steroid hydroxylases in 13
subjects—including all of the 11 with AD; they peeled its onset by 2-3 years in P15 and
P13 and by over 18 years in P11; they were alsamgly positive in 3 of the other subjects
who do not yet have AD. Antibodies to NALP-5 weoaid in 3 of the 6 subjects who had
HP (among a total of 10 tested); in P8, they predeits onset by 6 months. Antibodies to
ovaries, or specifically to SCC, were detected iof 8he 12 subjects tested (weakly in one),
including P11 who has clinical ovarian failure (ORutoantibodies against pancreatic islets
or GAD-65, and thyroid tissue or antigens, wereo a@ssted in all subjects. They were
detected against islets in P11, over 31 years beafoset of diabetes; also against GAD-65 in
4 others who do not yet have diabetes. TPO andniigaaliies were found in one of two
patients with thyroid disease (P14) 5 years betsrenset. TPH antibodies were detected in 2
patients, AADC in 5 and TH in 3, but they are t@mwfto correlate with manifestations.
Overall, endocrine autoantibodies were found ssipgily early in P19, P13 and P2 (at 6, 24
and 48 months respectively), but only later in FAD4 and P15.

Release of cytokines by Candida-exposed blood cells

We measured the release of IL-17A, IL-17F, IL-22] aNF-o by PBMCs after 5 days of
stimulation with heat-killedCandida. PBMCs from patients released negligible or small
amounts of anti-cytokine antibodies on exposur€anadida, compared to results of healthy

controls (C on Figure 7, means values of contrel)p presented high levels of IL-17A, IL-



17F and IL-22, and higher levels of TNE-These data suggest an impaired Thl7-type
response to Candida in patients with APS. To prineepossibility of a broader defect of
cytokine release by Candida-exposed PBMCs, we medstoncentrations of TNé&-in
supernatants as positive control. The data of thes&ol experiments showed that release of
TNF-o by cells from patients and controls were compaabhese result suggest an isolated

impairment of Th17 cell functions and cytokine stion.

IL-17+/IL-22+ T helper cel differetiation of autoimmune poliendocrine syndrome type |

patients

PBMCs of APS | patients and healthy controls wemdated and treated with IL-17-inducing
cytokines as described above. Flow cytometry wasd us determine the percentages of
CD3+ T cells and CD4+ T cells, producing cytoplasmii-17 or IL-22. Before marker
analysis, the cells were treated with phorbol-12istgte 13-acetat (PMA) -an activating
factor of protein kinase C-, ionomycin (IMC) -amaphore- and Brefeldin A —“Golgi-plug”,
which inhibits protein transport from the endoplasneticulum to the Golgi apparatus- for 6
h. Consistent with the cytokine-release data, APBatient displayed a mild impaired
development of IL-17-producing and IL-22 - procwgiT helper cells, compared with
healthy controls. Within Brefeldin A treated, unstilated cell population; IL-17 and IL-22
secreting cell percents were similarly low in patse and healthy controls. After PMA
stimulation, we found moderately decreased celbgmds in APS | patients, involved the
CD3+IL-17+, CD4+IL-17+ and CD4+IL-22+ cells, compdrwith healty controls.

To investigate the possible impairment of secretrachanisms, we performed the population
analysis without secretion inhibitor (brefeldin Ap. We measured significant difference
between results of the brefeldin A-inhibited an& tintreated cells of healthy controls.
Without secretion inhibitior, healthy controls peesed lower IL-17+ and IL-22+ cell persents
after PMA stimulation, as a normal consequence h@d tower intracellular cytokine
concentrations without inhibitor. In contrast, waumd similarly percents of CD3+IL-17+
(Figure 8A-E), CD4+IL-17+ (Figure 9A-E) and CD4+B2 (Figure 10A-E) cells, with and
without secretion inhibitor in patients with APSThis results suggest that the decreased
cytokine secretion of Candida-exposed blood cely tased on a functional impairment of
the secretion mechanisms of Th17 cells, confirntiregpossibility of a broader defect of the

anti-Candida response in APS | patients.



Discussion

CMC is the most common infectious manifestatioARS I, which is one of three diagnostic
criteria of the syndrome. In this study, we fountl@© with variable severity (mild angular
cheilitis, isolated nail candidiasis, recurrentesevoropharyngeal candidiasis) in almost 80 %
of the 19 patients tested. Hypoparathyreosis, #wrel most common manifestation and
diagnostic criteria was present in 73,6% of pasignbnsistent with the published literature.
Close to sixty percent of our patients presentetth \@drenal insufficiency, and 78,9% of
patients fulfilled the classical diagnostic criterie. at least two of the CMC, HP and AD,
moreover one patient had CMC and an affected memnbtre family. The most common
mutation, called “Finnish major mutation” were falim 42,1% of patients, includong the two
Finnish patient. In this study, the second mostroom genetic condition was the compound
heterosigosity for R257/13 bp deletion. The 13 bfetibn is the second most commAiiRE
mutation worldwide. The classical diagnostic triare present in 36,8%, especially in
patients with the Finnish major mutation and thesRZ13 bp deletion. Both Sardinian
patients presented with autoimmune hepatitis amdecathe R139X mutation. P1, despite
homozygosity for the R257X AIRE mutation, has hatyalental enamel dysplasia, alopecia
universalis and neail dystrophy at age 10, whehéasister (P2) had developed both CMC
and HP by the age of 18 months. P3, with the R2&5WXation is till symptomless now,
despite the severe clinical phenotype of his sistbese results confirmed the clinical and

genetical heterogeneity of APS |, in accordancé wéta from others.

We provide the first description of the possibleef of IVIG as a treatment option in patients
with severe CMC in APECED patients, and the tranisimprovement of mucosal candidiasis
following monthly IVIG infusions in Patient 2 wastriguing. IVIG replacement therapy is
widely used to prevent infectious complicationspatients with primary immunodeficiency
disorders. In addition to prophylaxis, IVIG conaatés may also be helpful for the treatment
of various inflammatory conditions. However, the daoof action of this therapy in
autoimmune diseases remains poorly understood. I®dGtains anti-idiotype antibodies
against disease-associated autoantibodies. Thasdiatype antibodies may be able to bind
and neutralize the pathogenic anticytokine antieediypically produced in patients with
APECED, consistent with the decrease in autoanyiledels observed in other conditions
following IVIG therapy. We believe that IVIG treaémt may increase the elimination of
Candida by opsonophagocytosis, given the clinideeovation that patients with X-linked
agammaglobulinemia characterized by an almost cetepack of serum immunoglobulins



typically do not suffer from CMC or invasive canidisis. We observed no detectable
decrease in anti-IL-17A and anti-IL-22 antibodydéss/during IVIG therapy in Patient 2 (data
not shown), but we believe that further studieshef possible therapeutic effects of IVIG in

APS | patients with severe CMC are warranted, baseaur observation.

The importance of the IL-17 family cytokines in immty to Candida is well established.
Previous studies suggested that anti-cytokine atitoadies are involved in the pathogenesis
of CMC in APECED patients. It has been suggestatl dlutoantibodies against cytokines,
including IL-17A, IL-17F and IL-22, may underlie GBin patients with APECED. Recent
findings have suggested that the presence of dildodies against IL-22 may be a useful
predictor of CMC. It has also been suggested thdf7l plays a key role in protection against
Candida infection, and some patients with CMC disease (savaller than normal proportions
of IL-17-producing T cells, and produce low levelsIL-17. In this study, Patient 2, with
severe and prolonged CMC, presented with high $esthutoantibodies against IL-17A. The
other five patients with the same genotype or betggous AIRE mutation had low or
undetectable anti-IL-17A antibody levels and wesgnaptomatic or presented only mild and
transient signs of mucocutaneous candidiasis. ®uevstudies have suggested that IL-22
plays an important role in the protection of skird &pithelial surfaces agairGandida. It has
been reported that IL-22-producing cells help totgect mucosal surfaces against fungal
infection in conditions of defective adaptive imnitynthrough a primitive antifungal effector
mechanism. Furthermore, IL-22 has been reportgiaipa role in candidiasis, by controlling
fungal invasion and epithelial homeostasis. All patients included in this study had high
levels of anti-IL-22 autoantibodies, but only Pati€, with high levels of anti-IL-17A
antibodies, displayed a predisposition to severeCCHMurthermore, OD values for anti-IL-
17F antibodies were high in all patients, but thiosBatient 2 they were no higher than those
in the other patients. These findings argue agarmimary role of anti-IL-17F and anti-IL-
22 antibodies in the susceptibility of APS | patseeto CMC, instead favoring the concept that
anti-IL17A antibodies are the primary componentsimopaired anti-candidial immunity in
APS | patients. Measuring functional activity oéfle antibodies could have confirmed further
our findings but such assays are not currentlylabig in our lab.

The role of anti-IFN antibodies in the pathogen&dislisease signs in APECED patients is
not fully understood. Recent studies have showh high levels of autoantibodies against
type | IFNs, including IFNe and IFNe in particular, are found in most patients with

APECED, suggesting that anti-IFN autoantibodieshalémarks of the disease. These studies



showed that autoantibodies against lleNvere clearly present in all patients but theirelev
were not clearly correlated with the number or daraof disease manifestations. We found
high levels of autoantibodies against IkNn the sera of four patients studied, and of
autoantibodies against IFN-in Patients 1 and 3. The levels of anti-lkNautoantibodies
were low in Patient 2, 4 and 5. These data contirenlack of relationship between severity of
APECED and anti-IFN autoantibody level. The roletbé variable levels of anti-IFid-
antibodies in this multiorgan primary immunodefraig disorder therefore remains to be
elucidated. Moreover, the almost 100% presencehisf dutoantibodies in APS | patients
propose the role of this antibodies as a new distgmoriterion. In sibling P3, the antibodies
against IFNe» appeared before those against IL17 type cytokihesould be interesting to
test more pre-symptomatic infants in APS-I familgesially, starting with cord blood, both
for autoantibodies and for Th17 and Th22 cell fiorctsuch long term studies may provide
evidence on the precise timing of the various rasps and Th-cell deficiencies and on their
prognostic value. Our results show strikingly higautralizing autoantibody titers against
IFN-o, IFN-02 and/or IL-22 already at 6-7 months of age -wefiobe any sign of APS-I- in
an unaffected AIRE-mutant patient (P3). We also ntbuendocrine organ-specific
autoantibodies, especially to adrenal cortex, sirgly early in 2 in two cases. Since several
weeks, at least, are needed to generate an antreedgnse, even in adults- and still longer
for organ damage sufficient to cause disease pitheess must have begun soon after birth in
some of the infants studied here, or even earlibe well-known delays, sometimes for
several years, between appearance of tissue-gpecifoantibodies and the corresponding
autoimmune feature are often taken to implicateellsas the pathogenic effectors, whereas
the autoantibodies behave as useful diagnostic emarldutoimmunity in APS-I appears to
result primarily from a failure to tolerize T-celtdeveloping in the absence of AIRE, leading
stochastically to autoimmunization against a wialege of AIRE-regulated targets. That may
be compounded by loss of tolerogenic AIRE-expregsells in peripheral lymphoid tissues.
However, both the highly precocious, sharply focuaetoantibody responses shown here and
the consistent early onset of such unusual automenfeatures as CMC, HP and AD argue

for more selective autoimmunization in AIRE-defidie¢hymus.

Recent studies suggested that impairment of Thil paeulation and development, or IL-17F
and IL-22 secretion by PBMC'’s is CMC patients mayan important factor in predisposition
to candidiasis. The role of IL-17A secretion seasmsiewhat controversial and poorly defined
in studies in APS | patients. Reposrt on increasaaibers ofC. albicans-induced IL-17A-



producing cells in PBMC from APS | patients, measuby flow cytometry by intracellular
staining of IL-17A, contrasting other studies, whiconsistently found impaired IL-17A
responses in APECED patients. Candida-exposed PBikt@s our patients released small
amounts of IL-17A and much smaller, or negligiblecaunts of IL-17F and IL-22 compared
to cells from healthy controls. Recent studies sggthat in patients with APS I, the pools of
CD16(+) monocytes and regulatory T cells (Tregsjenaso lower compared with healthy
individuals, and propose that this difference mafjuence the inflammatory processes in
APS-| patients. Th17 cell proliferation and IL-1#ogduction were normal unless exposed to
APS | plasma, which inhibited both functions in b&PS | and normal PBMC<andida
species—stimulated IL-22 production was impairedlirpatients with CMC, including APS |
patients, whereas IL-6 and IL-23 responses wereradsmal. We found impaired secretion of
IL-17A, IL-17F and IL-22 by mononuclear cells froAPS patients, with, or without severe
candidiasis, in contrast to release of TdlRVloreover, patients with APS | had a decreased
percentages of CD3+IL-17+, CD4+IL-17+ and CD4+I+221-17 and IL-22 producing T
cells, after in vitro differentiation, and stimutat by phorbole myrystate-acetate, compared
with healthy controls. The percentages of the ILahd IL-22 producing T cells are nearly
constant with and without the inhibition of cytokisecretion in APS 1, in contrast with the
results of healthy controls. Recent findings suggtsat the wild type (WT)AIRE gene
product has the ability to be targeted into thelews; where it is found associated with
distinct speckled domains in the nucleoplasm. Thefsledings showed with
immunocytofluorescence detection, that the norm#REA protein co-lokalizes with the
cytoskeletal filaments, especially with the vimemtnd the truncated AIRE protein showed
altered cytoskeletal interactions and subcelldaalization. We suggest that these differences
between the wild type and the mutant subcellulatrithution, may effect as a disturbing

factor the subcellular processes of the mechanigrogtokine secretion and transport.
Summary

In summary, we report here a correlation betweetilari7A autoantibody level and
predisposition to chronic mucocutaneous candidiasAPS | patients. We suggest that anti-
IL-17A autoantibodies may play a more importanterdhan anti-IL-22 and anti-IL-17F
antibodies in rendering APS | patients susceptibleandidiasis. We suggest that high levels
of anti-IL-22 and anti-IL-17F autoantibodies mayt i@ correlated with the occurrence of
candidiasis in APECED patients. We present datgestmg that the release of IL-17A, IL-
17F and IL-22 by peripheral blood mononuclear cafter Candida stimulation is impaired in



APS | patients, and this impairment affects onlylll. and IL-22 secretion, and does not
influence secretion of other cytokines. This ressiitonfirmed by the normal secretion of
TNF-o of APS | patients, afte€andida stimulation. We found, that patients with APS | av
a decreased persent of CD3+IL-17+, CD4+IL-17+ and4€L-22+, II-17 and IL-22
producing T cells, after in vitro differentiatiocompared with healthy controls. Moreover, the
percents of the IL-17 and IL-22 producing T celte aearly constant with and without the
inhibition of cytokine secretion in APS |, in coast with the results of healthy controls.
Based on this results, we suggest, that the dewelopof IL-17+, IL-22+ T helper cells is

impaired in APS | patients, nevertheless, secratienhanisms of these cell are also affected.

We propose that the predisposition to candidiasBRS | patients is based on a complicated
conjuction of diversified factors, included the iamgal cytokine-neutralization by
autoantibodies, the impaired development of IL-IW dL-22 producing T cells, and

decreased secretion capacity of this cells.
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