ARTIGO DE REVISAO / REVIEW ARTICLE

Sindrome hiper-IgE — Imunopatologia

The immunopathology of hyper-IgE syndrome

Data de recepcdo / Received in:21/04/2010
Data de aceitacdo / Accepted for publication in:29/04/2010

Rev Port Imunoalergologia 2010; 18 (4): 291-311

Diana Aguiar de Sousa', Susana Lopes da Silva?, Manuel Branco Ferreira®'

! Faculdade de Medicina — Universidade de Lisboa / Faculty of Medicine, University of Lisbon
2 Servico de Imunoalergologia / Immunoallergology Department. Hospital de Santa Maria — Centro Hospitalar Lisboa Norte

RESUMO

A sindrome hiper-IgE (SHIE) ou sindrome de Job é uma imunodeficiéncia primaria rara associada a niveis elevados
de IgE sérica, infecgOes cutidneas e pulmonares recorrentes e frequentemente graves, pele eczematosa, respostas infla-
matorias reduzidas e, particularmente, na sua forma autossémica dominante (AD), anomalias do tecido conjuntivo. Sao
discutidos os avancos recentes na compreensao da fisiopatologia desta doenca e as novas perspectivas que estes pode-
rao trazer, nao apenas para a terapéutica dos doentes, como para um melhor entendimento da fungao in vivo de deter-

minados genes relacionados com o sistema imunitario.

Palavras-chave: Células Thl17, IL-17, infecgGes recorrentes, diagnostico, mutagoes STAT3, S. aureus, sindrome de Job,

sindrome hiper-IgE.

ABSTRACT

Hyper-IgE syndrome (HIES) or Job’s syndrome is a rare primary immunodeficiency associated with elevated serum IgE, recur-
rent and often severe cutaneous and pulmonary infections, eczematous skin, diminished inflammatory responses and, particularly
in the autosomal dominant HIES, connective tissue abnormalities. We discuss the recent advances in the knowledge of the
pathophysiology of the disease and the new perspectives they can bring, not only for patients’ therapy but also to a better under-

standing of the in vivo function of some genes related to the immune system.

Key-words: Diagnosis, Job’s syndrome, hyper-IgE syndrome, recurrent infections, S. aureus, STAT3 mutations,Th 17 cells.
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INTRODUCAO

sindrome hiper-Igk (SHIE), sindrome de Job ou sin-

drome de Job-Buckley é uma imunodeficiéncia

primaria rara caracterizada clinicamente por infec-
¢oes recorrentes, especialmente por Staphylococcus aureus e
Candida albicans, levando frequentemente a abcessos cutane-
os e pulmonares, com formagao de pneumatocelos. Outras
caracteristicas sao a presenca de eczema, eosinofilia, niveis
séricos elevados de IgE e, nas formas autossémica dominante
e esporadica (que constituem o tipo |),anomalias esqueléti-
cas e do tecido conjuntivo, incluindo um facies caracteristico
(Figura 1), escoliose, hiperextensibilidade das articulagoes,
retengao da denti¢ao primaria, craniossinostoses, osteopenia
e fracturas patoldgicas. Além disso, as respostas inflamatorias
as infecges sdo tipicamente aberrantes, uma vez que existe
destruicio tecidual, mas nio calor, rubor e febre'?2.

O reconhecimento de uma base molecular na SHIE
comegou em 2006 com a descoberta de uma mutagao
genética homozigodtica na tirosina cinase 2 (TYK2) num
doente com uma sindrome semelhante a SHIE, com ele-
vados niveis séricos de IgE, deficiéncia das células T e
susceptibilidade a infec¢des micobacterianas®. Mas foi em
2007 que se identificou como causa da SHIE autossémi-
ca dominante (AD) a existéncia de mutagoes heterozi-
goticas no gene do transdutor de sinal e activador de
transcricao 3 (STAT3). Destas mutagoes resulta uma dis-
rupgao das vias dependentes do STAT3, cruciais para a
sinalizacdo de varias citocinas, como a IL-6 e a IL-10, le-
vando a respostas funcionais deficientes destas citocinas*!''.
Além disso, estes doentes apresentam uma incapacidade
em produzir IL-17 ou em formar células CD4Th17, que
se encontram portanto deficitarias na SHIE'2 Estas cé-
lulas sao importantes nas respostas inflamatorias a bac-
térias e fungos, uma disfungao que pode contribuir para
o espectro de infec¢des associadas a SHIE'?'®. Apesar
de a SHIE-AD, associada as mutagdes STAT 3, constituir
a maioria dos casos, pelo menos outros dois subconjun-

tos de doentes podem ser diferenciados numa base mo-

INTRODUCTION

yper-IgE syndrome (HIES) or Job’s syndrome

or Job-Buckley syndrome is a rare primary im-

munodeficiency characterised clinically by re-
current infections, particularly by Staphylococcus aureus
and Candida albicans, often leading to cutaneous and
pulmonary infections, with formation of pneumatoceles.
Other characteristics are skin boils, eosinophilia, ele-
vated serum IgE and, particularly in the autosomal
dominant and sporadic HIES (which make up type I),
skeletal and connective tissue abnormalities. These lat-
ter include a characteristic facial appearance (Figure 1),
scoliosis, joint hyperextensibility, retained primary den-
tition, craniosynostosis, osteopaenia and pathologic
fractures. Further, inflammatory responses to infection
are typically aberrant, with tissue damage but no heat,
erythema or fever!?2,

The recognition of a molecular base to HIES began
in 2006 with the discovery of a homozygous genetic
mutation of tyrosine kinase 2 (TYK2) in a patient with
a similar syndrome to HIES, with elevated serum IgE,
T cell deficiency and susceptibility to mycobacterial
infections3. In 2007, the presence of heterozygous mu-
tations of the STAT3 (signal transducer and activator
of transcription 3), was identified as the cause of au-
tosomal dominant (AD) HIES.These mutations lead to
disruption of STAT3-dependent pathways, which are
crucial for the signalling of several cytokines, such as
IL-6 and IL-10, leading to deficient functional respons-
es in these cytokines*''. Moreover, these patients are
unable to produce IL-17 cells or form CD4Thl7 cells,
which are thus absent in HIES'2. These cells are impor-
tant in the inflammatory response to bacteria and
fungi, an impairment that can contribute to the spec-
trum of infections associated to HIES'3-'6. While AD-
-HIES, associated to STAT3 mutations, makes up the
majority of cases, at least another two subgroups of

patients can be differentiated on a molecular and/or
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Figura |. Facies caracteristico de homens e mulheres de diferentes ragas com sindrome hiper-IgE. (Retirado de Grimbacher B, et al.
Hyper IgE syndrome with recurrent infections —An autossomal dominant multisystem disorder. N Engl ] Med 1999; 340:692-702, com
permissao)
Figure . Characteristic facies of men and women of different races with hyper-IgE syndrome (From Grimbacher B, et al. Hyper IgE syndrome
with recurrent infections — An autossomal dominant multisystem disorder. N Engl | Med 1999; 340:692-702, with permission)

lecular e/ou clinica: os doentes esporadicos com uma clinical basis: sporadic patients with a clinical presenta-
apresentagao clinica semelhante a da SHIE AD, incluidos tion similar to that of AD-HIES, included in type |, but

no tipo |, mas no entanto negativos para as mutagoes do which are nevertheless negative for STAT3 mutations,
STAT3, e os doentes com SHIE autossomico recessivo and autosomal recessive (AR) HIES patients, or type
(AR), ou tipo 2, os quais apresentam doenga clinicamen- 2. These latter present clinically similar disease but
te semelhante mas com um fenétipo com algumas dife- with a phenotype which has some differences. In addi-

rencas: para além de infec¢oes recorrentes por S. aureus tion to recurrent S. aureus and C. Albicans infections,
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e C. albicans, de facto apresentam também infeccoes re-
correntes por agentes como Herpes simplex, Herpes zos-
ter e Molluscum contagiosum, considerados atipicos na
sindrome AD. Outra importante diferenca é a auséncia

de anomalias esqueléticas, dentarias e faciais'”

, @amenor
tendéncia para a formagao de pneumatocelos, um refle-
xo do papel critico das vias reguladas pelo STAT3 nos
tecidos das vias aéreas, na defesa contra a lesdo aguda.A
relevancia da fungao do STAT3 no pulmao é ainda supor-
tada pela evidéncia de que a delegdao deste gene nas cé-
lulas epiteliais respiratérias do ratinho se acompanha de
uma exagerada lesdo pulmonar e da membrana das cé-

18

lulas epiteliais, induzida por hiperoxia'®, enquanto a ex-

pressao no epitélio das vias aéreas de um STAT3 mutan-
te, constitutivamente activo, é protector destas lesdes'®.
Nos doentes com SHIE-AR, os niveis séricos de IgE sdo
igualmente altos (1693 a2 45100 IU/mL), mas as contagens
de eosindfilos sdo geralmente superiores (174 a 2610/
uL)'7. Muitos destes doentes manifestam ainda anomalias
do sistema nervoso central, incluindo aneurismas cere-
brais, enfartes e infeccoes que podem levar a morte. Fe-
némenos autoimunes também podem ocorrer, incluindo
anemia hemolitica, trombocitopenia e vasculite'”2°. Ape-
sar de parecer estar associada a um pior prognostico,
com maior mortalidade, mais estudos sao necessarios
para elucidar determinantes da gravidade e do prognos-
tico desta forma da doenga, bem como as intervengdes
terapéuticas que melhor impedem o desenvolvimento
das complicagoes mais graves. Foi recentemente propos-
to que mutagdes do dedicator of cytokinesis 8 (DOCKS),
que codifica uma proteina implicada na regulacao do ci-
tosqueleto de actina, sdo responsaveis por muitos dos
casos de SHIE-AR2!. Em Maio de 2009, a European Socie-
ty for Inmune Deficiencies Database tinha registados um
total de 159 doentes com SHIE, 24 dos quais com uma
mutagao confirmada do STAT3.

Discutimos as apresentagdes clinicas e as novas pers-
pectivas na fisiopatologia desta doenga, abertas pela des-

coberta da sua base genética em 2007.

they also present recurrent infections by agents such
as Herpes simplex, Herpes zoster or Molluscum contagio-
sum, considered atypical in the AD syndrome. Anoth-
er important difference is the lack of skeletal, dental
and facial abnormalities'” and a lesser tendency to-
wards the formation of pneumatoceles, a reflex of the
vital role of the STAT3-regulated pathways in airway
tissues in defending against acute injury. The relevance
of STAT3 function in the lung is further supported by
evidence that the deletion of this gene in the respira-
tory epithelial cells of mice is accompanied by
hyperoxia-induced severe lung and epithelial cell mem-
brane injury'8, while overexpression in airway epithe-
lium of mutant STAT3, a constitutive active form, pro-
tects the lung from such injuries'’. In patients with
AR-HIES, serum IgE levels are equally high (1693 to
45100 IU/mL), but the eosinophil count is generally
higher (174 to 2610/uL)'7. Many of these patients also
manifest central nervous system anomalies, including
brain aneurysms, infarctions and infections which could
be fatal. Autoimmune phenomena could also occur,
including haemolytic anaemia, thrombocytopaenia and
vasculitis'”20, Although it is apparently associated with
a poorer prognosis and higher mortality, more studies
are needed to elucidate determinants of severity and
prognosis of this form of disease as well as which treat-
ments are better able to prevent development of more
severe complications. It was recently suggested that
mutations of the dedicator of cytokinesis 8 (DOCKS),
encoding a protein implicated in the regulation of the
actin cytoskeleton, are responsible for many of the
AR-HIES cases?'. In May 2009, the European Society
for Inmune Deficiencies Database had a total of 159
HIES patients registered, 24 of whom had a confirmed
STAT3 mutation.

This review discusses the clinical presentations and
new perspectives in the pathophysiology of this dis-
ease opened up by the 2007 discovery of its genetic

basis.
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APRESENTACAO CLiNICA

Doentes com infecgdes recorrentes desde a infancia
constituem geralmente um desafio diagnostico. A andlise
fenotipica das infecgoes, particularmente quanto a localizagao
e agentes envolvidos, constitui um importante auxiliar. Nao
obstante, também a presenca de caracteristicas sindroma-
ticas e a alteracdo de alguns marcadores imunolégicos sao
frequentemente orientadoras.Esse é o caso da elevacao dos
niveis séricos de IgE, que pode ocorrer em varias imunode-
ficiéncias primarias,como a SHIE,mas também nas sindromes
de Omenn,Wiskott-Aldrich ou de Comél-Netherton?2,

A SHIE surge frequentemente numa fase precoce da vida,
com infecgGes recorrentes, pneumonias, eczema ou uma apa-
réncia semelhante a foliculite eosinofilica pustular; com niveis
extremamente elevados de IgE2. Geralmente os doentes apre-
sentam niveis superiores a |10 vezes o normal (>2000 IU/mL);
no entanto, alguns t&m niveis da ordem das dezenas de milhares?.
Contudo, niveis normais de IgE sérica nao excluem o diagnos-
tico, dado que o seu aumento pode s6 surgir mais tarde.

A eosinofilia periférica € também um achado comum, ten-
do sido relatada a ocorréncia de uma elevagao superior a dois
desvios-padrio acima da média em 93% dos doentes?>. Apesar
de a sindrome incluir muitas outras alteracoes sistémicas ca-
racteristicas na sua forma mais frequente (tipo |),estas podem
nao se manifestar antes da infancia tardia ou da adolescéncia
precoce, sendo portanto as alteragdes cutaneas frequente-
mente importantes no reconhecimento precoce destes
doentes?*. Exemplo disso é a erupgio vesiculopustular eosi-
nofilica do recém-nascido, a qual é habitualmente a primeira
manifestacao desta sindrome. Inicia-se tipicamente na face e
couro cabeludo nas primeiras semanas de vida e é pustular e
eczematoide, sendo encontrados infiltrados eosinofilicos na
biopsia e isolado Staphylococcus aureus??°. A persisténcia de
alteragoes cutineas na infancia, mais frequentemente eczema,
mas também infecges, por vezes sem sinais inflamatérios e
habitualmente controladas com terapéuticas antiestafilocéci-
cas, € igualmente compativel com o quadro clinico habitual da

SHIE?**, A manifestagio cutinea mais grave é geralmente o

CLINICAL PRESENTATION

Patients who present recurrent infections from
childhood are often a diagnostic challenge. Analysing the
phenotype of the infections, particularly as to the loca-
tion and agents involved, is an important aid. In addition,
any syndromatic characteristics and changes in some
immunological markers are frequently revealing. An
example of this is raised serum IgE levels, which can
occur in several primary immunodeficiencies, such as
HIES, but also in Omenn, Wiskott-Aldrich or Comel-
-Netherton syndromes?2.

HIES often occurs early in life, with recurrent infec-
tions, pneumonias and eczema or mimicking eosinophilic
pustular folliculitis, with extremely high IgE levels?. Pa-
tients generally present levels over ten times the norm
(> 2000 IU/mL); some, however, have levels in the order
of tens of thousands?’. Normal serum IgE levels, how-
ever, do not rule out diagnosis, since levels can increase
at a later stage.

Peripheral eosinophilia is also a common finding,
and an increase of over two standard deviations above
the mean was reported in 93% of patients?3. Although
the syndrome encompasses many other characteristic
systemic changes in its most frequent form (type |),
these may not present before late childhood or early
adolescence; therefore cutaneous alterations are fre-
quently important in the early recognition of these
patients?*. An example of this is the eosinophilic ve-
siculopustular eruption in the newborn, usually the
first sign of this syndrome. It typically begins on the
face and scalp in the first few weeks of life and it is
pustular and eczematous, with eosinophilic infiltrates
found on biopsy and Staphylococcus aureus isolation?*25,
The persistence of skin changes in childhood, more
usually eczema, but also infections, sometimes with no
sign of inflammation and usually managed with anti-
staphylococcic therapy, is also compatible with HIES’s

usual clinical picture?*. The most severe skin manifesta-
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desenvolvimento de abcessos cutaneos, que surgem preco-
cemente na infancia e nos quais, ndo obstante o desenvolvi-
mento franco de pus, as manifestagoes cardinais da inflamagao,
como calor, dor e eritema, estdo ausentes ou diminuidas.

Outra das caracteristicas paradigmaticas desta sindrome,
para além de um determinante fundamental no prognéstico®,
€ a ocorréncia de pneumonias frequentemente com caracter
recorrente,com formagao de abcessos cavitados,as quais estio
presentes, consoantes as séries, em 70%2 a 87%2” dos casos
de SHIE, tendo também inicio habitual nos primeiros anos de
vida. A existéncia de abcesso cavitado com formagao de pneu-
matocelo deve fazer pensar na hiptese diagnostica de SHIE.

As anomalias do facies, musculoesqueléticas e dentarias,
particularmente a retencao da dentigdo primaria,encontram-
-se associadas a SHIE tipo 12°. Dentro destas, importa des-
tacar o facies tipicamente grosseiro, ligeiramente assimétrico,
com proeminéncia da regiao frontal, alargamento da distan-
cia interalar nasal e ligeiro prognatismo (Figura 1), caracte-
ristica que, de acordo com Paulson et al.,, esta presente em
83% dos casos?’. A hiperextensibilidade das articulagdes
surge também em mais de dois tercos dos casos?’.

No que diz respeito as anomalias laboratoriais, nomea-
damente o elevado nivel de IgE e a eosinofilia, estas suportam
também o diagnostico, para o qual ndo existem, no entanto,

ainda critérios laboratoriais claramente definidos28.

IMUNOPATOGENESE

A presenca de diversas anomalias imunoldgicas na pre-
senca de mutagdes do STAT3, incluindo deficiéncia imunolé-
gica selectiva, com susceptibilidade particular a infecgoes
pulmonares e cutineas, inflamagao pulmonar anormal, com
tendéncia a formacdo de pneumatocelos e bronquiectasias,
e reducao da capacidade de cicatrizagao, assim como a dis-
tintiva e caracteristica presenca de sinais inflamatérios mini-
mos, mesmo quando face a infeccoes extensas, permitiu in-
ferir o seu potencial envolvimento em diversas vias de

transducao de sinal. O STAT3 é um factor de transcri¢ao que

tion is usually the development of abscesses. These
present early in childhood and abundant pus notwith-
standing, the main signs of inflammation, such as heat,
pain and erythema, are absent or diminished.
Another hallmark characteristic of this syndrome,
in addition to having a fundamental bearing on prog-

20 is the occurrence of pneumonias, frequently

nosis
recurrent, with fluid-filled abscesses. Depending on the
series, they are present in 70%2¢ to 87%2” of HIES
cases, and also usually occur in the first few years of
life. A fluid-filled abscess with formation of pneuma-
toceles should raise the hypothesis of a diagnosis of
HIES.

Facial, musculoskeletal and dental abnormalities, par-
ticularly retained primary dentition, are associated to
type | HIES?°. Of these, the typical facial asymmetry with
a suggestion of hemihypertrophy,a prominent forehead,
a broad nasal bridge, a wide, fleshy nasal tip and a mild
prognathism standout (Figure ). According to Paulson
et al. these abnormalities occur in 83% of cases?’. Joint
hyperextensibility is also present in over two thirds of
the cases?’.

Laboratory abnormalities, namely raised IgE level and
eosinophilia, also support the diagnosis. There are, how-

ever, no clearly defined laboratory criteria2®,

IMMUNOPATHOGENESIS

The presence of various immunological abnormali-
ties, along with STAT3 mutations, allows for its possible
involvement in several signal transducer pathways to be
inferred.These include selective immunological deficien-
cy, with particular susceptibility to lung and skin infec-
tions, abnormal lung inflammation, with a tendency to
form pneumatoceles and bronchiectasis, reduced healing
capability and distinctive and characteristic presence of
minimal inflammatory signs, even with extensive infec-

tion. STAT3 is an activator of transcription that binds to
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se liga ao promotor de diversos genes, incluindo aqueles que
codificam as proteinas de fase aguda?’, tendo um papel criti-
CO nas respostas a muitas citocinas e factores de crescimen-
to%. As mutagdes do STAT3 impedem a indugao nas células
T naive da expressao de ROR-yt,um passo precoce e essen-
cial na sua diferenciagao em células Th17.Pelo contrario, nos
doentes com SHIE negativos para as mutagoes do STAT3,a
indugao de ROR-yt nas células T naive progride normalmen-
te3!, como seré detalhado mais adiante.

No entanto, e apesar das mutagoes do STAT3 contribui-
rem para muitos dos casos autossémicos dominantes e es-
poradicos, a patogénese de varias caracteristicas clinicas da
SHIE, incluindo alteragdes nao imunoldgicas, permanece por
desvendar. Ainda assim, alguns avangos na compreensao da
fisiopatologia destas anomalias tém sido concretizados através
da utilizagdo de modelos murinos com deficiéncias selectivas
do STAT 3,nos quais tém sido demonstradas correlagdes com
as caracteristicas tipicas dos doentes com SHIE. Um dos pri-
meiros exemplos desta contribuigao foi o knock-out homozi-
gotico do STAT 3, 0 qual se mostrou letal na vida embrionaria,
devido a defeitos no desenvolvimento da endoderme visce-
ral’2. Apesar de ndo ser possivel excluir que o STAT3 huma-
no e murino tenham funcdes distintas33, a auséncia de viabi-
lidade do modelo knock-out do STAT3 suporta a teoria de
que os doentes com SHIE tém menos de 50% da actividade
do STAT3, mas, claramente, o suficiente para manter a vida?®.
Também coerente com esta evidéncia é o facto de nunca
terem sido encontrados alelos nulos, indicando que a haploin-
suficiéncia nao é um mecanismo causador da doenga. A exis-
téncia de fracturas patoldgicas é uma das alteragSes do teci-
do conjuntivo mais caracteristicas, estando presente em 7%
dos portadores de SHIE-AD, de acordo com Paulson et al.?’.
Modelos murinos com deficiéncia especifica de STAT3 nas
células mieldides tém um aumento do niimero e da activida-
de dos osteoclastos, o0 que podera conduzir a maior reabsor-
cio Ossea observada nos doentes com SHIE3435, Da mesma
forma, modelos murinos com deficiéncia especifica de STAT3
nos queratindcitos mostram alterages no crescimento dos

foliculos pilosos, levando a hiperplasia epidérmica e queratose,

the promoter of several genes, including those which
codify the acute phase proteins?’, playing an important
role in responses to several cytokines and growth fac-
tors3%, STAT3 mutations stop naive T cell induction of
ROR-yt expression, an early and essential step in its
differentiation into Th17 cells. Conversely, in HIES pa-
tients who are negative for STAT3 mutations, the induc-
tion of ROR-yt in naive T-cells progresses normally3', as
we will show.

However, and despite STAT3 mutations contribut-
ing to many autosomal-dominant and sporadic cases,
the pathogenesis of several clinical features of HIES,
including non-immunological changes, remains to be
elucidated. Some advances in the understanding of the
pathophysiology of these abnormalities have been
achieved through the use of murine models with selec-
tive STAT3 deficiencies. These have shown correla-
tions with the typical features of HIES patients. One
of the first examples of this contribution was the
STAT3 homozygotous knock-out, which had embry-
onic lethality owing to defects in visceral endoderm
development32. While it is not possible to rule out
that human and murine STAT3 have distinct func-
tions33, lack of viability of the STAT3 knock-out mo-
del supports the theory that HIES patients have 50%
less STAT3 activity but, clearly, enough to maintain
life26. Also pertaining to this is the fact that no null
alleles have ever been found, indicating that haploin-
sufficiency is not a mechanism causing the disease.
Pathologic fractures are one of the most characteris-
tic connective tissue abnormalities, found in 71% of
AD-HIES patients,according to Paulson et al.?’. Murine
models with specific STAT3 deficiency in the myeloid
cells show increased osteoclast amount and activity,
which could lead to the greater bone resorption seen
in HIES patients®#3. Equally so, murine models with
specific STAT3 deficiency in the keratinocytes show
changes in hair follicle growth, leading to epidermal

hyperplasia and keratosis, findings which correlate
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achados que se correlacionam com as alteragoes caracteris-
ticas na pele facial e mucosa oral (pregas e fissuras no palato,
depressdes centrais na lingua), assim como com o eczema®.
No seu conjunto, estas evidéncias refor¢cam a importancia da
via do STAT 3 e permitem compreender o seu papel, tanto em
fungdes imunoldgicas como nao imunoldgicas.

As células Th17 assumem um papel central na patogé-
nese das manifestagdes imunoldgicas das varias formas de
SHIE. Ao longo de muitos anos, o paradigma de diferencia-
¢ao das células T helper em Th1/Th2, introduzido ha cerca
de 25 anos por Mosmann e Coffman?’, foi importante na
explicagdo de muitos dos fenémenos da imunidade adapta-
tiva. Mas, recentemente, este foi expandido através da des-
coberta deste subgrupo de células T CD4, a qual surgiu a
partir da identificacao da familia de citocinas da IL-17 e da
analise das fungoes efectoras das células T mediadas pela
IL-23. Estes achados sugeriram a existéncia de um subcon-
junto de células Th distinto das células Thl e Th2 que, por
produzir IL-17, foi designado Th17'238, A independéncia
deste subconjunto em relagdo as células Thl e Th2 foi defi-
nitivamente estabelecida com a identificacao de citocinas
especificas e dos factores de transcrigdo requeridos para a
diferenciagio da linhagem Th17 (IL-6, TGFR3%#!, factores de
transcrigao RORYyt (receptor orfao relacionado com o acido-
retindico)*? e STAT3**, Verifica-se assim que a diferenciagao
das células Th17 murinas a partir das células T CD4 depende
da sinalizagdo da IL-6 e TGF-$3 e da activacio do STAT3,
achado este que foi confirmado pela observagao que as cé-
lulas T CD4 deficientes no STAT3 revelam falhas na diferen-
ciagdo em células Th17 e produgdo reduzida de IL-1745%,

Quanto a importancia desta citocina na resposta anti-
-infecciosa, foi demonstrado in vitro que lisados de Borrelia
burgdorferi tinham capacidade de induzir a formagao de
quantidades macicas de IL-17 em culturas de células T
humanas*’. Posteriormente, verificou-se que patogénios
tao diversos como os gram positivos Propionibacterium
acnes, os gram negativos Citrobacter rodentium, Klebsiella
pneumoniae, Bacteroides spp. e Borrelia spp., os alcool-acido

resistentes Mycobacterium tuberculosis e os fungos Pneu-

with the characteristic changes in the facial skin and
oral mucosa (cleft lip and palate, central depressions
in the tongue) and eczema3®. Taken together, these
pieces of evidence underline the importance of the
STAT 3 pathway and its role in both immunological and
non-immunological functions.

TheTh17 cells play a central role in the pathogenesis
of immunological manifestations of the various forms of
HIES. Over the years, the paradigm of differentiation of
helper T cells into ThI/Th2 cells, introduced approxi-
mately 25 years ago by Mosmann and Coffman®’, has
been crucial in explaining many of the phenomena of the
adaptive immunity. This has recently been expanded
through the discovery of this subgroup of CD4 T cells,
which emerged from the identification of the IL-17 cy-
tokine family and the analysis of the IL-23-mediated ef-
fector functions of T cells. These findings suggested the
existence of a subgroup of distinct Th cells in the Thl
and Th2 cells which was called Th17'2% as it produces
IL-17.The independence of this subgroup in relation to
Thl and Th2 cells was firmly established with the iden-
tification of specific cytokines and the transcription fac-
tors required for the differentiation of the Th17 lineage
(IL-6, TGFRB)3*-4!, RORyt transcription factors (orphan
receptor related to retinoic acid)*? and STAT34344, It
was also seen that the differentiation of murine Th17
cells from the CD4 T cells depends on IL-6 and TGF-[3
signalling and STAT3 activation, with this finding con-
firmed by the observation that impaired STAT3 CD4 T
cells showed poor differentiation into Th17 cells and
reduced IL-17 production*>46,

This cytokine is important in the anti-infectious res-
ponse. It was demonstrated in vitro that Borrelia burgdorferi
lysates could induce the formation of massive amounts of
IL-17 in cultures of humanT cells*’. It was later found that
pathogens as diverse as gram positive Propionibacterium
acnes, gram negative Citrobacter rodentium, Klebsiella pneu-
moniae, Bacteroides spp. and Borrelia spp.,alcohol-acid resis-

tent Mycobacterium tuberculosis and the fungi Pneumocystis
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mocystis jeroveci e Candida albicans podiam também desen-
cadear uma forte resposta Th17 in vitro*'7->4 Estes acha-
dos estao de acordo com a maior susceptibilidade a
infecgoes bacterianas extracelulares e fungos dos doentes
com mutagoes do STAT3, sugerindo um papel critico das
células Th17 na defesa contra estes microrganismos.
Como ja supracitado,a SHIE-AD é causada por mutagoes
heterozigoticas hipomorficas do STAT3,que causam a produ-
¢ao de STAT3 nao funcionante, impedindo a expressao de
RORYt e a diferenciagio da linhagemTh 1782, A identificagio
das mutagoes heterozigdticas do STAT3 como causa mole-
cular da SHIE-AD levantou assim a possibilidade de estes
doentes poderem ter defeitos no desenvolvimento e/ou fun-
o das células Th17. Além disso, a observagao que doentes
com SHIE-AD eram susceptiveis a infeccoes por Candida

Sp.20’30

cas contra Candida estao predominantemente presentes no

e que, em humanos, as células T de memoria especifi-

subconjunto Th17%, levou 2 pesquisa sistemética das células
Th17 nos doentes com SHIE”8255, Posteriormente,em 2009,
foi verificado que a falha na resposta Th17 identifica também
os doentes com STAT3 wild type (wt), incluindo os doentes
com manifestages compativeis com SHIE-AR, evidenciando
assim um fenétipo e prognostico funcional comum e impli-
cando outros alvos na patogénese da doenga®'. Estes autores
constataram ainda que nos doentes com STAT3 wt as células
Th17 em diferenciacio (derivadas de células T naive estimu-
ladas in vitro), a0 contrario das periféricas, expressavam niveis
de IL-17 de cerca de metade em relagao aos controlos, en-
quanto os doentes com STAT3 mutado demonstravam uma
falha completa na expressao da citocina. Além disso,como ja
referido, nos doentes com STAT 3 wt os niveis de ROR-yt nas
células em diferenciagdo sdo normais?'. Estes dados sugerem
que nos doentes com SHIE sem mutacao do STAT3 o defei-
to podera ter uma localizagdo mais distal em relagdo a sua
intervencao na via de diferenciacao das células Th17,afectan-
do apenas os seus Ultimos passos e a persisténcia a longo
prazo desta linhagem. Apesar de neste estudo®' nao ter sido
evidenciada correlagdo entre a gravidade do defeito da res-

postaTh|7 e as manifestagoes clinicas,nomeadamente o sco-

jeroveci and Candida albicans could also trigger a strong in
vitro Th17 response*'#7->* These findings are in line with
the greater susceptibility to extracellular bacterial infec-
tions and fungi from patients with STAT3 mutations, sug-
gesting Th17 cells play a crucial role in the defence against
these microorganisms.

As explained above, AD-HIES is caused by hypomor-
phic heterozygous mutations of STAT3, which impair
STAT 3 production,impede expression of RORyt and the
differentiation of the Th17 lineage®'2 The identification
of heterozygous STAT3 mutations as a molecular cause
of AD-HIES thus raised the possibility of these patients
having impaired development and/or function of Th17
cells. Moreover, the observation that patients with AD-
-HIES were susceptible to Candida sp. infections2%3 and
that,in humans,T cells with specific memory against Can-
dida are predominantly present in the Th17 subgroup?’
led to the systematic search of Th17 cells in patients with
HIES”81255, Subsequently, in 2009, it was seen that the
lack of Th17 response also identifies patients with wild
type (wt) STAT 3, including the patients with manifestations
compatible with AR-HIES, thus providing evidence of a
common phenotype and functional prognosis and impli-
cating other targets in disease pathogenesis3'. These
authors also found that in patients with wt STAT3 the
Th17 cells in differentiation (derived from naive T cells
stimulated in vitro), unlike peripheral cells,expressed IL-17
levels of around half of those seen in the controls, while
patients with mutated STAT 3 showed a complete lack of
cytokine expression. In addition, and as already stated,
patients with wt STAT3 have normal levels of ROR-yt in
cells in differentiation®'. These data suggest that, in HIES
patients with no STAT3 mutation, the defect could have
a more distal location in relation to its role in the pathway
of Th17 cell differentiation, affecting only the last steps
and the long-term persistence of this lineage. While this
study?' showed no evidence of correlation between the
severity of impaired Th17 response and the clinical ma-

nifestations, namely disease score or susceptibility to
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re da doenga ou a susceptibilidade a infecgoes, esta associagao
foi mais recentemente estabelecida num estudo que difere
dos restantes por utilizar exclusivamente estimulagao micro-
biana e ndo mitogénica para produzir células Th17°¢. No en-
tanto, apesar de parecer evidente que a extensao do defeito
da actividade das células Th17 pode determinar a gravidade
do fendtipo clinico, ainda nao foi possivel estabelecer corre-
lagdes claras entre o fenétipo e a regido do STAT3 afectada®’.
A medida que mais casos sio relatados e caracterizados, cor-
relagdes subtis podem tornar-se mais evidentes?®.

Para além desta aparente associagao de um defeito par-
cial da IL-17 com um fenétipo clinico menos grave, a Unica
correlacao genotipo-fenotipo imunologica seguramente
estabelecida nesta sindrome continua a ser a susceptibili-
dade particular dos doentes com mutagoes do STAT3 para
a formacao de pneumatocelos,a qual vem de encontro aos

18,19

achados in vitro ja referidos e que demonstra também

o papel critico das vias reguladas pelo STAT3 no controlo
da lesio aguda nos tecidos das vias aéreas?'.
Recentemente foi ainda demonstrada a explicagao mo-
lecular para a aparente contradigao que constitui a locali-
zagao restrita das infecgoes na SHIE ao pulmao e a pele,
apesar da deficiéncia sistémica em células Th17°8, Esta po-
dera ser atribuida a uma dependéncia particular das célu-
las epiteliais bronquicas e dos queratinécitos, nao apenas
da acgdo das citocinas pro-inflamatoérias classicas, como a
IL- 13, mas também da actividade sinérgica das citocinas das
células Th17, para a produgdo de factores antiestafilococi-
cos (quimiocinas recrutadoras de neutrofilos e péptidos
antimicrobianos)®®. Deve, no entanto, ressalvar-se a exis-
téncia de varios casos descritos de infecgdes com locali-
zagdes ou agentes considerados atipicos nestes doentes®?,
de que é exemplo um relato recente de meningite cripto-
cocica num doente com uma nova mutagio do STAT3¢C,
Nao obstante esta interessante perspectiva acerca da
imunopatogénese da doenga, as suas limitagdes sdo eviden-
ciadas pelas muitas questoes que ainda permanecem por
responder. O desconhecimento dos mecanismos subjacentes

ao eczema e aos elevados niveis séricos de IgE nos doentes

infection, this association was more recently established
in a study which differs from the others in that it used
exclusively microbial and non-mitogenic stimulation to
produceTh17 cells*®. However, although it seems evident
that the extent of impaired Th17 cell activity could de-
termine the severity of the clinical phenotype, it has not
yet been possible to establish clear correlations between
the phenotype and the STAT3 region affected’. As more
cases are reported and characterised, subtle correlations
could become more evident?®.

In addition to this evident association of a partial IL-17
impairment with a less severe clinical phenotype, the only
immunological genotype-phenotype correlation to be safe-
ly established in this syndrome is still that of the particular
susceptibility of patients with STAT3 mutations to the for-
mation of pneumatoceles.As stated above, this has already

18,19

been confirmed in in vitro findings and also shows the

vital role played by the STAT3-regulated pathways in the
management of acute injury to airway tissues?'.

A molecular explanation of the apparent contradiction
that constitutes the restricted location to the lung and
skin of infections in HIES, despite the systemic impairment
in Th17 cells, was also recently demonstrated®®. This can
be attributed to a particular dependence of the bronchial
epithelial cells and keratinocytes, not only in the action of
classic proinflammatory cytokines, such as IL-1{3, but also
in the synergic activity of the ThI7 cell cytokines, for the
production of antistaphylococcic factors (chemokines re-
cruiters of neutrophils and antimicrobial peptides)>8. How-
ever, the many reported cases of infections with localisa-
tions or agents considered atypical in these patients®’
should be stressed. An example of this is the recent report
of cryptococcal meningitis in a patient with a new mutation
of STAT3¢C.

While this perspective on the immunopathogenesis
of the disease is interesting, its limitations are apparent
by the many questions that remain unanswered. The
lack of understanding of the mechanisms underlying the

eczema and the high serum IgE levels in patients with
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com SHIE sao apenas alguns dos mais intrigantes exemplos.
Enquanto a IL-21 murina inibe a produgao de IgE pelas célu-
las B,a IL-2] humana actua sinergicamente com a IL-4 para
aumentar a produgio de IgE®'. Ao contrario dos plasmécitos
produtores de IgG, os plasmécitos produtores de IgE sao
excluidos do centro germinativoéz. Na auséncia de Bcl-6, re-
pressor transcricional requerido para a formagao do centro
germinativo, ha um aumento do switch de classe para IgE em
resposta a IL-4, pela auséncia de repressao da IL-4/STAT63,
A IL-21| podera estar envolvida neste movimento de células
B em desenvolvimento no centro germinativo®*. De facto,
verificou-se recentemente que a sinalizagao IL-6/STAT3 pro-
move a diferenciagao de células T naive em células T helper
capazes de assistir células B, num processo independente da
diferenciagio das células T helper foliculares®®. No entanto,
ainda ndo é claro como é que estes dados se relinem para
explicar os niveis extremamente elevados de IgE nos doentes
com SHIE3C. Mais estudos sio assim ainda necessarios para a
total compreensao da fisiopatologia desta doenga, os quais
poderdo mesmo vir a esclarecer aspectos fundamentais do

funcionamento do sistema imunitario.

SINDROME HIPER-IgE TIPO 2 OU AR

Uma sindrome semelhante mas com algumas caracte-
risticas distintivas foi descrita por Renner et al'”. Como ja
referido, os doentes com SHIE tipo 2 ndo tém anomalias
esqueléticas, mas sofrem de infecgdes virais recorrentes
por Molluscum contagiosum ou Herpes simplex'”.No entan-
to, nao apresentam pneumatocelos. Esta perturbagao foi
designada SHIE-AR pelo Comité de Classificagao das Imu-
nodeficiéncias Primarias da Unido Internacional de Socie-
dades de Imunologia (IUIS)%.

As células dos doentes apresentam defeitos graves na
resposta a varias citocinas, incluindo IFN tipo 1, IL-12,[L-23,
IL-10 e IL-63, tendo a maioria defeitos ligeiros na transdugdo
de sinal a montante do complexo do receptor das células T
(TCR)3%, Em 2004, a partir do achado de que as células de

HIES are just some of the more intriguing examples.
While murine IL-21 inhibits the production of IgE by B
cells, human IL-21| acts in synergy with |IL-4 to increase
IgE production®'. Unlike the IgG-producing plasmocytes,
IgE-producing plasmocytes are excluded from the ger-
minal centre®?. Where there is absence of Bcl-6,a trans-
criptional repressor needed to form the germinal cen-
tre, there is an increased class switch to IgE in response
to IL-4, due to the lack of IL-4/STAT6 repression®3.IL-2|
could be involved in this movement of B cells develop-
ing in the germinal centre®. In fact, it has recently been
seen that IL-6/STAT3 signalling promotes the differen-
tiation of naive T cells into helper T cells able to assist
B cells, in a process independent of follicular helper T
cell differentiation®. It is, however, not yet clear how
these data as a whole explain the extremely high levels
of IgE in patients with HIES®C. Further studies are
needed for full understanding of the pathophysiology
of this disease, and these studies will perhaps clarify
fundamental aspects of the functioning of the immune

system.

TYPE 2 OR AR HYPER-IgE SYNDROME

A similar syndrome but with some distinct characte-
ristics was described by Renner et al.'”. As stated above,
patients with type 2 HIES do not have skeletal abnor-
malities, but do suffer from recurrent viral infections by
Molluscum contagiosum or Herpes simplex'’. They do not,
however, present pneumatoceles. This syndrome was
called AR-HIES by the International Union of Immuno-
logical Societies Expert Committee on Primary Immuno-
deficiencies (IUIS)%.

Patients’ cells present severe deficiencies in response
to several cytokines, including type | IFN, IL-12, IL-23,
IL-10 and IL-63, with the majority having mild impairment
in signal transduction at the T cell receptor (TCR) com-

plex. In 2004, following a finding that the cells of a pa-
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um doente com SHIE tipo 2 possuiam um defeito na trans-
dugdo de sinal para IL-12 e IFNG@, foi identificada uma delegao
de 4 pares de bases na regiao codificante do gene tyk2, re-
sultado de um codao stop prematuro, com auséncia da pro-
teina TIK2, um dos membros da familia das cinases Janus
(JAK), responsavel pela transducgio de sinal de varias citoci-
nas2%6667, Os pais do doente eram consanguineos, hetero-
zigbticos para a mesma mutagao e ambos tinham respostas
imunologicas normais, consistentes com a hereditariedade
AR desta deficiéncia. Este achado levou a que fosse propos-
ta a deficiéncia no TYK2 como a causa molecular do SHIE-
-AR3. No entanto, ao contrério dos outros doentes com
SHIE tipo 2, no portador desta mutagao a sinalizagao TCR
encontra-se intacta. Em Dezembro de 2009 foi proposto que
mutagoes AR no gene dedicator of citokinesis 8 (DOCKS8)
seriam responsaveis por varios casos de SHIE-AR?'. Esta
proteina podera estar implicada na organizagao dos filamen-
tos de actina, exercendo uma fungao no citosqueleto rele-
vante para a activagao das células T. Os mecanismos pelos
quais se desenvolvem as anomalias das fungoes efectoras das
células T nos doentes deficientes em DOCKS, incluindo o
defeito na diferenciagdo das células Th17, permanece, no
entanto, por desvendar. E possivel que nestes doentes o
défice de células Th17 seja apenas o reflexo de uma pertur-

bagdo mais alargada das células Th?'.

DIAGNOSTICO

Antes da identificagdo das mutagoes do STAT3 como
principal causa do SHIE, assim como a consequente con-
firmagdo da diminui¢ao das células Th17 como marcador
da doenca, o diagnostico era baseado nos critérios esta-
belecidos por Grimbacher et al.?8, caracteristicas clinicas
e marcadores laboratoriais que nao eram, contudo, espe-
cificos da doenga (Quadro 1). A caracterizagio da doenga

ao nivel molecular e imunolégico deve ser obtida para uma

mais completa abordagem diagnostica destes doentes.

Conforme foi demonstrado em 2008'2, a deficiente pro-

tient with type 2 HIES had an impairment in signal trans-
duction for IL-12 and IFNQ, a deletion of four base-pairs
was identified in the codifying region of the tyk2 gene,
the result of a premature stop codon, with absence of
TIK2 protein,a member of the Janus kinases family (JAKs),
responsible for the signal transduction of several cyto-
kines2%¢6¢7 The patient’s parents were consanguineous,
heterozygous for the same mutation and both had normal
immunological responses, consistent with the AR he-
reditariness of this deficiency. This finding led to TYK2
deficiency being proposed as the molecular cause of AR-
-HIES3. However, unlike in other patients with type 2
HIES, in the bearer of this mutation TCR signalling is in-
tact. It was proposed, in December 2009, that AR muta-
tions in the gene dedicator of citokinesis 8 (DOCKS)
were responsible for various cases of AR-HIES2!. This
protein could be implicated in the organisation of actin
filaments, exercising a function on the cytoskeleton with
a bearing on the activation of T cells.The mechanisms by
which the anomalies of the effector functions of the T
cells develop in patients with DOCKS8 deficiency, includ-
ing the defect in Th17 differentiation, remain to be eluci-
dated. It is possible that in these patients the impairment
in Th17 cells is merely a reflex of a much wider cellular

disturbance?'.

DIAGNOSIS

Before identification of the STAT3 mutations as the
main cause of HIES, and the consequent confirmation
of the decrease in Thl7 cells as a marker of disease,
diagnosis was based on the criteria set by Grimbacher
et al.?8, clinical features and laboratory markers that
were not, however, specific to the disease (Table I). The
characterisation of the disease at the molecular and
immunological level must be obtained for a more com-
plete diagnostic approach to these patients. As was

demonstrated in 2008'2, impaired production of IL-17
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Quadro |. Sistema de pontuagdo com testes clinicos e laboratoriais para individuos com suspeita de SHIE

Pontos (a)
Caracteristicas clinicas
0 | 2 3 4 5 6 7 8 10
Nivel mais alto de IgE sérica (IU/ml) (b) <200 | 200-500 501-1000 1001-2000 | >2000
Abcessos cutineos Nenhum [-2 34 >4
Pneumonia (episodios ao longo da vida) Nenhum I 2 3 >3
Anomalias do parénquima pulmonar Nenhum Bronquiectasia Pneumatocelo
Retengdo da dentigao primaria Ausente 2 3 >3
Escoliose (curvatura maxima) <10 10-14” 520" >20
Fracturas com trauma minor Nenhuma -2 >)
Contagem mais elevada de eosindfilos (cels/ul) (c) <700 700-800 >800
Facies caracteristico Ausente Ligeiramente Presente
presente
Anomalias da linha média (d) Ausentes Presentes
Erupcdo cutinea do recém-nascido Ausente Presente
Eczema (pior estado) Ausente | Ligeiro | Moderado Severo
Infecgdes respiratorias altas por ano |2 3 4-6 >6
Candidiase Nenhuma | Oral | Paroniquia Sistémica
Outras infecgoes graves Nenhuma Severa
Infecgdo fatal Ausente Presente
Hiperextensibilidade Ausente Presente
Linfoma Ausente Presente
Aumento da largura nasal (e) <IDP | I-2DP > DP
Palato em ogiva Ausente Presente
Correcgdo para idade jovem >5 anos 2-5 anos -2 anos >| ano

Adaptado de Grimbacher B, Schaffer AA, Holland SM, et al. Genetic linkage of hyper-IgE syndrome to chromosome 4. Am | Hum Genet

1999; 65:735-44

Legenda:
DP — desvio-padrao

a) A entrada na coluna mais direita corresponde o maximo de pontos permitido para cada achado

b) Normal: <130 1U/ml

c) 700/mI=1DP acima do valor médio, 800/mI=2DP acima do valor médio para individuos normais

d) Por exemplo, fenda do palato, lingua fendida, hemivértebras ou outras anomalias (ver Grimbacher et al. 1999)

e) Comparado com controlos com idade e sexo correspondente (ver Farkas et al, 1994)
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Table 1. Scoring system with clinical and laboratory tests for individuals with suspicion of HIES

0 [ 2 3 4 5 6 1 8 10
Elevated serum IgE level (IU/mI) (b) <200 | 200-500 501-1000 1001-2000 | >2000
Skin abscesses None [-2 34 >4
Pneumonia (episodes over lifetime) None | 2 3 >3
Lung parenchyma anomalies None Bronchiectasis Pneumoatocele
Retained primary teeth Absent | 2 3 >3
Scoliosis (maximum curvature) <10” 10-14” 15-20” >20
Fractures with minor trauma None [-2 >]
High eosinophil count (cells/ul) (c) <700 700-800 >800
Characteristic facies Absent pﬁ:lf:i(:Zt Present
Midline anomaly (d) Absent Present
Newborn rash Absent Present
Eczema (worst stage) Absent Mild | Moderate Severe
Upper respiratory infections per year [-2 3 4-6 >6
Candidiasis None Oral | Fingernails Systemic
Other serious infection None Severe
Fatal infection Absent Present
Hyperextensibility Absent Present
Lymphoma Absent Present
Increased nasal width (e) <ISD | I-25D >25D
High palate Absent Present
Young-age correction >5 years 2-5 years [-2 years >[ year

Adaptated from Grimbacher B, Schaffer AA, Holland SM, et al. Genetic linkage of hyper-IgE syndrome to chromosome 4. Am | Hum Genet 1999;
65:735-44

SD — standard deviation

a) The entry in the furthest-right column is assigned the maximum points allowed for each finding.

b) Normal: <130 IU/ml.

¢) 700/ml = 1SD above the mean value, 800/ml = 2 SD above the mean value for normal individuals.

d) For example, cleft palate, cleft tongue, hemivertebrae or other anomadlies. (see Grimbacher et al. 1 999a).
e) Compared with age- and sex-matched controls (see Farkas et al. [994).
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ducao de IL-17 pelas células T identifica esta sindrome,
confirmando o diagnéstico clinico nos doentes com quadro
compativel. De facto, estando esta caracteristica presente
tanto nos doentes com STAT3 mutado como wt?'%6%7, o
defeito da resposta Thl7 constitui uma ferramenta diag-
noéstica mais sensivel na SHIE®S,

Recentemente foi efectuado um estudo multicéntrico
tendo como objectivo identificar uma correlagio entre o
genotipo e o fenotipo dos doentes com SHIE que permi-
tisse distinguir os doentes com mutagdo de STAT3 dos
com STAT 3 wt, através da identificagdo das caracteristicas
que melhor previam a presenca da primeira®’. Nos 100
doentes estudados, 64 apresentavam mutagoes do STAT 3,
tendo sido verificado que estas se encontravam fortemen-
te associadas a uma pontuagao total elevada de acordo
com os critérios ja referidos (Quadro 2). No entanto, ape-
sar das mutagoes no dominio de ligagao ao ADN parece-
rem associadas a um score superior, esta correlagdo nao
foi estatisticamente significativa, continuando a nao ser
assim possivel relacionar a localizagao especifica das mu-
tacoes do STAT3 com o tipo ou gravidade das manifesta-
¢oes. De acordo com o demonstrado por estudos pré-
vios3!"%¢, j4 aqui referidos, os autores concluem ainda que
a auséncia (e nao apenas a diminui¢do) de células Th17 é
um preditor util para a presenca de mutagoes do STAT3,
podendo ser usado como marcador adicional para distin-
guir os doentes com e sem mutagao. Foram assim estabe-
lecidos os seguintes critérios diagnosticos para a SHIE com
mutacio do STAT3%:

* Possivel:IgE >1000 IU/ml e uma pontuagao superior
a 30 baseada nas caracteristicas clinicas de pneu-
monias recorrentes, erupgao cutanea neonatal, frac-
turas patoldgicas, facies caracteristico e palato alto
(Quadro 2);

* Provavel: Estas caracteristicas e auséncia de células
Th17 ou histéria familiar definida de SHIE;

 Definitivo: estas caracteristicas e uma mutacao he-

terozigotica dominante negativa do STAT3.

by T cells identifies this syndrome, confirming the clini-
cal diagnosis in patients with a compatible clinical pic-
ture. In fact, as this characteristic is found in both pa-
tients with mutated STAT3 and wt STAT33!5657, the
deficient Th17 response is a more sensitive diagnostic
tool in HIES®®.

A recent multicentre study was performed, aiming
to identify a correlation between the genotype and the
phenotype of HIES patients which would allow patients
with STAT3 mutation to be distinguished from those
with wt STAT3, through identifying the characteristics
that better predicted the presence of the first®’. Of the
100 patients studied, 64 presented STAT3 mutations,
and these were found to be strongly associated with a
raised total score, in line with the criteria referred to
above (Table 2). However, despite the mutations in the
dominion of DNA ligand seeming to be associated with
a higher score, this correlation was not statistically sig-
nificant, and it continues to be impossible to relate the
specific location of the STAT3 mutations with the type
or severity of the manifestations. In agreement with
that shown in earlier studies?'~*® described above, the
authors further conclude that the absence, and not
merely the decrease, of Th17 cells is a useful predictor
of the presence of STAT3 mutations, and can be used
as an additional marker for distinguishing patients with
and without mutation. Accordingly, the following diag-
nostic criteria for HIES with STAT3 mutation were
established®’:

* Possible: IgE > 1000 IU/mL plus a weighted score of
clinical features > 30 based on recurrent pneumo-
nias, newborn rash, pathologic bone fractures, cha-

racteristic facies, and high palate (Table 2).

Probable: These characteristics plus absence of
Thl7 cells or a family history for definitive
HIES.

Definitive: These characteristics plus a dominant-

-negative heterozygous mutation in STAT3.
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Quadro 2. Score para identificagdo dos doentes com SHIE com mutagdo da STAT3

STAT3-Score:
Doente Data de nascimento Data de pontuagao Género
Factor de
Pontos multiplicacdo
Achados clinicos (FM)
0 2 4 5 6 8 Pontos x FM
I Pneumonias (documentadas por radiografia) Nenhuma | 2 - 3 >3 25
2. Erupgdo cutinea neonatal Ausente - Presente - - - 2,08
3 Fracturas osseas patologicas Nenhuma - [-2 - - > 333
4, Facies caracteristico Ausente Ligeiro - Presente - - 333
b8 Palato em ogiva Ausente Presente - - - - 25

Adaptado de Woellner C, Gertz E, Schaffer A, Lagos M, Perro M, GLocker E, et al. Mutations in STAT3 and diagnostic guidelines for
Hyper-IgE syndrome. ] Allergy Clin Immunol 2010; 125: 424-32

Table 2. Scoring system to identify Hyper IgE syndrome patients with STAT3 mutation

STAT3-Score:
Patient: Date of birth: Scoring date: Gender,
0 2 4 5 6 8 Points X Scale
l. Pneumonias (X-ray proven, total #) None | 2 = 3 >3 25
7k Newborn rash Absent - Present - - - 2.08
3. Pathologic bone fractures None - 1-2 . - >] 333
4. Characteristic facies for Job syndrome Absent Mild - Present - - 3.33
5 Cathedral palate Absent Present - - - - 25

Adaptated from Woellner C, Gertz E, Schdffer A, Lagos M, Perro M, GLocker E, et al. Mutations in STAT3 and diagnostic guidelines for Hyper-
-IgE syndrome. | Allergy Clin Immunol 2010; |25: 424-32

Deve ser, no entanto, tida em conta a evolugao das What must, however, be taken into account is the evo-
manifestacoes dos doentes ao longo do tempo, nao de- lution of patients’ manifestations over time,and the use of
vendo a utilizacao destes critérios impedir a procura de these criteria should not impede the search for molecular
diagnostico molecular num doente particular. diagnosis in a particular patient.
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TERAPEUTICA

Nao obstante o progresso na compreensao da doenga,
nao existe actualmente nenhum tratamento especifico para
SHIE. Como foi discutido antes, estes doentes sao parti-
cularmente susceptiveis a infecgdes bacterianas, mais fre-
quentemente por S. aureus. Portanto, a terapéutica assen-
ta na utilizagdo regular e profilactica de antibiéticos, a qual
se traduz habitualmente numa melhoria dos quadros in-
fecciosos. Ainda assim,nao existem estudos que permitam
compreender se a antibioticoterapia intermitente ou a
longo prazo afecta o progndstico. A emergéncia de estir-
pes resistentes constitui um problema, tendo ja sido rela-
tados casos de sépsis induzida por estirpes resistentes a
meticilina (MRSA) em doentes com SHIE®8, Assim, é reco-
mendavel a prescricdo de trimetoprim-sulfametoxazol para
profilaxia das infec¢oes recorrentes e mesmo para tera-
péutica, inclusivamente em casos de resisténcia a outros
antibi6ticos®70,

Tem sido relatada a terapia regular com imunoglobu-
lina G endovenosa, com aparente sucesso nalguns casos,
mas, dado que os defeitos na sua sintese nao sao comuns
na SHIE e os dados sao muito escassos, a sua utilidade nao
esta ainda determinada, estando reservada para casos em
que se demonstre défice na produgao de anticorpos es-
pecificos ou quando as restantes opgoes terapéuticas se
tenham mostrado ineficazes”'-7¢.

Numa tentativa de corrigir o desequilibrio entre os es-
timulos inflamatorios e tendo em conta a eficacia da sua
utilizagdo noutras imunodeficiéncias, como a doenga granu-
lomatosa croénica, a terapéutica com IFNy foi também espo-
radicamente aplicada no SHIE. Foram relatados resultados

promissores’’78

,verificando-se um aumento muito significa-
tivo da quimiotaxia de base apos incubagdo dos neutrofilos
de doentes com SHIE com IFN-y7?,assim como uma reducio
da IgE ap6s administragao de IFNy por via subcutanea aos
portadores de SHIE””. No entanto, as evidéncias de eficicia
sdo ainda insuficientes, a utilizagio concomitante de outras

terapias dificulta por vezes a andlise dos resultados e existem

TREATMENT

Despite progress in understanding the disease, there
is currently no specific treatment for HIES. As we dis-
cussed, these patients are particularly susceptible to
bacterial infections, more frequently by S. aureus.Treat-
ment is, therefore, based on the regular and prophylac-
tic use of antibiotics, which usually means an improve-
ment in the infections. There are no studies that allow
understanding of whether intermittent or long-term
antibiotic treatment affects prognosis. The emergence
of resistant strains is a problem, and there have already
been cases of sepsis induced by methicilin-resistant
Staphylococcus aureus (MRSA) reported in patients with
HIES®8. Thus, trimethoprim-sulfamethoxazole is recom-
mended for prophylaxis in recurrent infections and even
for treatment, inclusively in cases of resistance to other
antibiotics®®7°,

Regular treatment with intravenous immunoglobulin
G with apparent success has been reported in some cases
but, given that defects in its synthesis are not common in
HIES and the data are scarce, its usefulness is not deter-
mined and is reserved for cases in which there is a deficient
production of specific antibodies or when the remaining
treatment options have proven ineffective’!-7¢,

In an attempt to correct the imbalance between in-
flammatory stimuli and taking into account its effective
use in other immunodeficiencies such as chronic granu-
lomatous disease, treatment with IFNy has been spo-
radically used in HIES. Promising results have been re-

ported’778

, and a very significant rise in baseline
chemotaxis following incubation of the neutrophils of
patients with HIES with IFN-y has been seen’?, as well as
a reduction in IgE after administration of subcutaneous
IFNy in bearers of HIES””. However, there is still not
enough evidence of efficacy, the concomitant use of other
treatments sometimes makes analysis of results difficult,
and there are reports of development of autoimmune

diseases, particularly thrombocytopaenia®.
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referéncias ao desenvolvimento de doengas autoimunes,
particularmente trombocitopenia®.

Por ultimo, e ao invés do que se verifica noutras imuno-
deficiéncias, o transplante de medula éssea nao parece ser

muito eficaz na SHIE8'"82,

CONSIDERAGOES FINAIS

Apos a descricio inicial, a fisiopatologia da SHIE perma-
neceu um enigma durante décadas. Nos 3 ultimos anos tes-
temunhamos grandes progressos no sentido da identificagao
das suas causas moleculares. Estas novas perspectivas acerca
da imunopatogénese da doenga deverdo permitir, num futu-
ro préximo, a resolugao de muitas das questoes que perma-
necem em aberto. O maior conhecimento dos varios aspec-
tos do sistema imunitario envolvidos no desenvolvimento
da SHIE representara certamente um impulso no desenvol-
vimento de terapéuticas mais especificas para esta sindrome
e,eventualmente,também para outras doengas mais frequen-
tes com manifestagoes comuns. Até l4,a capacidade de efec-
tuar precocemente o diagnostico e instituir antibioticotera-
pia profilactica ou terapéutica com duragao adequada
impoe-se como a melhor forma de evitar o desenvolvimen-

to de complicagoes, particularmente as mais graves.
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