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  Hyper-IgE syndrome (HIES) is a complex primary immu-
nodefi ciency characterized by high serum IgE, chronic 
eczematoid dermatitis, and recurrent extracellular bac-
terial infections. Two types of HIES have been reported: 
type 1 and type 2. Type 1 HIES displays abnormalities 
in multiple systems, including the skeletal, dental, and 
immune systems, whereas type 2 shows abnormalities 
confi ned to the immune system. We recently identifi ed 
hypomorphic mutations in the signal transducer and 
activator of transcription 3 ( STAT3 ) gene in type 1 HIES 
and a null mutation in the tyrosine kinase 2 ( Tyk2 ) gene, 
accompanied by susceptibility to intracellular bacteria 
in type 2 HIES. Analyses of cytokine responses in both 
types of HIES revealed that severe defects in the signal 
transduction for multiple cytokines, including inter-
leukin-6 and interleukin-23, are leading to impaired 
T-helper type 17 function. These fi ndings suggest that 
HIES is caused by the defects in multiple cytokine sig-
nals and that the susceptibility to various infections in 
HIES is associated with the T-helper type 17 defect.

  Introduction
  Clinical features and a classifi cation of the HIES
  Hyper-IgE syndrome (HIES) is a complex primary immu-
nodefi ciency disorder characterized by high levels of serum 
IgE, atopic dermatitis, and recurrent bacterial infections 
[ 1 , 2 ]. The IgE levels in the serum are often 10 to 1000 
times higher than those of normal individuals. The atopic 
dermatitis–like skin lesion usually starts in the neonatal 
period, and the extracellular bacterial infections gener-
ally commence in infancy or early childhood and mainly 
involve the skin and airway. The most common bacteria 
involved in the infections are  Staphylococcus aureus , 
although  Streptococcus pneumoniae ,  Haemophilus infl u-
enza , and enteric gram-negative bacteria are occasionally 
isolated in some infectious episodes of the patients.

  Most cases of HIES are sporadic, but some familial cases 
have been reported with autosomal dominant (AD) [ 3 ] or 
autosomal recessive (AR) mode of inheritance. Skeletal and 
dental abnormalities, such as characteristic facial appear-
ance, hyperextensibility of joints, scoliosis, fracture with 
minor trauma, and retained primary teeth, are observed 
in sporadic and familial cases with the AD form. The AR 
form is characterized by severe recurrent viral infections, 
extreme eosinophilia, and neurologic complications. From 
clinical and etiologic points of view, we have proposed a 
new classifi cation of HIES divided into two groups—type 
1 and type 2—irrespective of modes of inheritance.

  Type 1 HIES
  This group of HIES represents the most common and typi-
cal form and includes sporadic and familial AD types [ 3 ]. 
In addition to the recurrent skin and pulmonary infections, 
atopic dermatitis, and elevated serum IgE, type 1 HIES 
patients present with skeletal, dental, and connective tis-
sue manifestations ( Table 1 ). By age 16 years, all patients 
show distinctive facial appearance: coarse texture of facial 
skin, asymmetric facial appearance, prominent forehead, 
deep-set eyes, broad nasal bridge, and bulky nasal tip. In 
this type of HIES, pneumonia is frequently followed by 
the formation of pulmonary cysts (pneumatoceles), most 
likely due to the impaired remodeling capability of the lung 
tissue. Pulmonary cysts are frequently complicated by the 
superinfection of  Aspergillus  spp and multidrug-resistant 
 Pseudomonas aeruginosa , which is a serious problem in 
the morbidity and mortality of HIES patients [ 4 ].

  Type 2 HIES
  This second group of HIES was reported relatively recently, 
as six consanguineous families from Turkey and Mexico 
were found to carry the AR form of HIES [ 5 ]. The patients 
in these families showed no apparent abnormalities in 
their skeletal and dental systems but suffered from recur-
rent and severe infections with  S. aureus ,  S. pneumoniae , 
or  H. infl uenzae , as observed in type 1 HIES. Most of the 
type 2 HIES patients also suffered from severe viral infec-
tions, such as chronic refractory molluscum contagiosum 
and herpes simplex virus infections, which were not 
observed in type 1 HIES. Furthermore, unlike in the type 
1 HIES patients, no pneumatoceles were formed in any 
of the type 2 HIES patients, even though the incidence of 
pneumonia was equivalent in the two types. Seven of 13 
patients with type 2 HIES had neurologic complications, 
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and four of them died as a result. The neurologic compli-
cations may be primary to the type 2 HIES or secondary 
to latent infections to the central nervous system because 
of the immunodefi ciency.

  Janus Kinases and Signal 
Transducers and Activators of 
Transcription in Cytokine Signaling
  Cytokines regulate cell development, homeostasis, and 
differentiation. Most cytokines transduce signals using 
receptors devoid of intrinsic kinase activity. Janus kinases 
(Jaks) constitutively associated with the cytoplasmic 
domain of cytokine receptors phosphorylate receptor 
subunits upon ligand binding, which then recruit and 
phosphorylate signal transducers and activators of 
transcription (STATs) to the receptor ( Fig. 1 ). Once phos-
phorylated, STATs dimerize via their Src homology 2 
(SH2) domains and translocate to the nucleus, where they 
activate a series of STAT-regulated genes.

  Four mammalian Jak proteins—Jak1, Jak2, Jak3, and 
tyrosine kinase 2 (Tyk2)—have been described [ 6–8 ]. The 
functional importance of the Jaks was demonstrated by 
studies in cell lines defective in cytokine signaling and 
subsequently confi rmed by the establishment of Jak-defi -
cient mice [ 9–14 ]. Jak1-/- mice die perinatally and exhibit 
profound defects in lymphoid development related to the 
failure of  γ c-using cytokine receptor signaling. Analyses 
of cells from Jak1-/- mice demonstrated that Jak1 was 
essential for signaling by type 1 and type 2 interferon 
(IFN), a fi nding that was in agreement with prior studies 
using human mutant cell lines. Jak2-/- mice show embry-
onic lethality due to failure of erythropoiesis, whereas 
Jak3-/- mice suffer from severe combined immunode-
fi ciency in accord with the observation in human Jak3 
defi ciency [ 15 , 16 ]. These fi ndings clearly demonstrated 
the nonredundant roles of Jak1, Jak2, and Jak3 in signal-
ing through the corresponding cytokine receptors.

  Tyk2 was the fi rst member of the Jak kinase family to 
be isolated and was originally described as essential to the 
type 1 IFN signaling in a human fi broblast cell line [ 17 , 18 ]. 
However, the establishment of Tyk2-defi cient mice revealed 
that Tyk2 was not absolutely essential for responses to 
type 1 IFN in mice [ 19 , 20 ]. Tyk2-/- mice displayed a lack 
of responsiveness to a small amount of IFN- α , but a high 

concentration of IFN- α  could fully transduce signals even 
in the absence of Tyk2. Although Tyk2 is a component of 
several other cytokine-signaling pathways, including those 
of interleukin-6 (IL-6), IL-10, and IL-12 [ 6 , 21 , 22 ], in the 
Tyk2-/- mice, the IL-6–mediated signals are essentially 
normal, and the IL-12 signal is partially impaired. Thus, 
the function of Tyk2 in mice appears to be compensated for 
in vivo, partly by other kinase(s), most likely other Jaks. It 
remains to be determined whether the discrepancy in the 
stringency of Tyk2 requirement in the cytokine signaling 
between the human cell lines and the mutant mice can be 
attributed to the difference between established cell lines 
and primary cells or the species difference, as observed in 
several primary immunodefi ciencies, such as the Bruton 
tyrosine kinase (Btk), B-cell linker protein (BLNK), or  λ 5 
defi ciency [ 23–25 ].

  STAT3 was originally identifi ed as a transcription 
factor that binds to the promoters of various acute-phase 
protein genes [ 26–29 ]. It plays a critical role in the sig-
nal transduction of many cytokines, including IL-6, 
IL-10, IL-22, IL-23, and IL-27 [ 30–32 ]. A null mutation 
of the  STAT3  gene in transgenic mice demonstrated that 
STAT3 is essential to embryonic survival near the time of 
implantation (E6.5–E7.5) [ 33 ]. Tissue-specifi c deletion 
of STAT3 was not lethal in various organs, including the 
skin, mammary glands, liver, thymic epithelium, respira-
tory epithelium, neurons, lymphocytes, and macrophages 
[ 34 ]; this deletion demonstrated the critical role of STAT3 
in cell migration, survival, proliferation, apoptosis, and 
infl ammation in each tissue. Of interest, STAT3 is fre-
quently activated in human cancers, occurring in more 
than half of breast and lung cancers, hepatocellular car-
cinomas, and multiple myelomas and more than 95% of 
head and neck cancers. Moreover, in cultured tumor cells 
from more than a dozen different cancers, interruption of 
the persistent STAT3 activity by dominant negative pro-
teins or antisense oligonucleotides leads to apoptosis in 
cancer cells. Activated STAT3 plays a crucial role in the 
survival and proliferation of cancer cells [ 35 ].

  Etiology of HIES
  HIES, also called Job’s syndrome, was fi rst described in 
1966 by Davis et al. [ 36 ] in two patients who had severe 
dermatitis and recurrent staphylococcal skin infections that 

 Table 1. A new classifi cation of hyper-IgE syndrome 

 Type  Inheritance  Distinguished clinical fi ndings 

 Type 1 (multisystem)  Sporadic (most cases); familial with 
AD inheritance (rare) 

 Skeletal and dental abnormalities (characteristic 
face, fracture with minor trauma, retained 
primary teeth, scoliosis, hyperextensibility); 
parenchymal lung abnormality 

 Type 2 (nonskeletal)  Familial with AR inheritance   Severe viral infections (herpes simplex, molluscum 
contagiosum); possible CNS involvement 

 AD—autosomal dominant; AR—autosomal recessive; CNS—central nervous system. 
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were distinguished by the lack of infl ammation features, 
which they coined  cold abscesses . Buckley et al. [ 37 ] further 
characterized the syndrome, noting similar impaired infl am-
mation in patients with highly elevated serum IgE levels. The 
origin and molecular pathology of HIES remain an enigma 
more than 40 years after the original report. Recent studies 
have focused on the T-helper type 1 cell (Th1)/Th2 cytokine 
imbalance. Although some studies suggested that the pres-
ence of decreased Th1 cytokine production and skewing 
toward Th2 cells [ 38–40 ], the results were inconsistent and 
did not provide signifi cant clues to identify molecular origins 
of HIES. In patients with defects in the IL-12 signaling, none 
of the features or infections of HIES are seen, suggesting 
that the simple reduction of IFN- γ  in response to IL-12 is 
unlikely to cause HIES [ 41 ].

  Tyk2 defi ciency as a genetic origin of a 
subpopulation of type 2 HIES
  The fi rst genetic origin of HIES was a null mutation of 
Tyk2 involved in the signaling of many cytokines [ 6 , 42•• ]. 
The patient had a homozygous Tyk2 mutation that 
resulted in a premature stop codon (hence the absence of 
Tyk2 protein). The patient’s parents were consanguineous, 
and both were heterozygous for the mutation, establishing 
the AR inheritance of the Tyk2 defi ciency in the patient. 
The Tyk2-defi cient patient displayed typical phenotypes 
of type 2 HIES, including elevated serum IgE, atopic der-
matitis, staphylococcal infections in the skin and lung, 
and viral infections in the skin and mucosa (but no skel-
etal and dental abnormalities). The patient also displayed 
susceptibility to intracellular bacteria.

  Blood cells from the patient showed severe defects in 
responses to multiple cytokines, including type 1 IFN, IL-
6, IL-10, IL-12, and IL-23 ( Fig. 1 ). The cytokine signals 
were successfully restored by transducing the intact  Tyk2  
gene. Thus, the Tyk2 defi ciency is likely to account for the 
patient’s clinical manifestations. The patient’s susceptibil-
ity to viral infections could be explained by the defects in 

type 1 IFN signaling due to the Tyk2 defi ciency. IFN- α –
induced tyrosine phosphorylation of Jak1, STAT1, STAT2, 
and STAT3 was completely abrogated in the human 
Tyk2-defi cient cells, in contrast to the observation in the 
Tyk2-defi cient mice [ 19 , 20 ]. Furthermore, no inhibition in 
the replication of herpes simplex virus was observed in the 
patient’s cells when the cells were pretreated with IFN- α . 
Thus, unlike in mice, Tyk2 plays a nonredundant role in 
type 1 IFN signaling in humans. One characteristic fea-
ture of the human Tyk2 defi ciency was the susceptibility to 
infections with intracellular bacteria such as mycobacteria 
and salmonella. The absence of Tyk2 resulted in the defects 
of IL-12 and type 1 IFN signaling, which led to impaired 
Th1 differentiation and IFN- γ  production. This defect 
likely accounts for the patient’s susceptibility to intracel-
lular bacterial infections as reported in other disorders 
with the defects in the IL-12 and IFN- γ  signaling circuit 
[ 43 ]. When the patient’s naïve CD4 T cells were cultured 
in vitro, accelerated Th2 differentiation was observed in 
addition to the impaired Th1 differentiation, refl ecting 
the patient’s Th2-dominant phenotypes, such as atopic 
dermatitis, asthma, and elevated serum IgE levels. As IL-
10 plays a critical role in the peripheral T-cell tolerance to 
allergens, it would be reasonable to assume that allergic 
symptoms in the Tyk2 defi ciency were associated at least 
partially with the defective IL-10 signaling.

  Hypomorphic mutations in 
STAT3 cause type 1 HIES
  The identifi cation of the Tyk2 defi ciency in the type 2 HIES 
patient suggested to us that a similar defect in cytokine 
signaling may be observed in type 1 HIES. Therefore, we 
examined the responses to IL-6, IL-10, IL-12, and IFN- α  
of peripheral blood cells from the patients presenting with 
typical clinical characteristics of type 1 HIES. Both IL-6 and 
IL-10 signaling pathways were defective in type 1 HIES, as 
in the Tyk2 defi ciency. In contrast, neither IL-12 nor IFN- α  
signaling was impaired in the type 1 HIES patients [ 44•• ].

   Figure 1.  Receptors, Jaks, and STATs 
in cytokine signaling. IFN—interferon; 
IL—interleukin; Jak—Janus kinase; 
STAT— signal transducer and activator of 
transcription; Tyk—tyrosine kinase. 
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  In a survey of candidate molecules involved in IL-6 and 
IL-10 signaling, we identifi ed heterozygous mutations in 
STAT3 in 8 of 15 type 1 HIES patients: a single amino acid 
deletion ( Δ V463) or missense mutations in the DNA-bind-
ing domain [ 44•• ]. The DNA-binding domain of STAT3 
is highly conserved among different species in its amino 
acid sequence, and the alterations were not found in 1000 
unrelated healthy individuals who were analyzed. STAT3 
is located on human chromosome 17q21 but not 4q, which 
was reported to contain a disease locus for familial AD-
HIES [ 45 ]. None of the eight HIES patients in our study 
had a known family history of HIES, and no mutation was 
detected in the STAT3 cDNAs from all the parents and 
seven siblings of the patients. Therefore, the mutations are 
likely to have occurred de novo in the HIES patients.

  A recent study confi rmed our fi ndings that  STAT3  is a 
major causing gene for type 1 HIES. Two groups identifi ed 
heterozygous mutations in the  STAT3  gene in most of the 
patients with type1 HIES, including the original patients 
reported by Holland et al. [ 46 ] and Renner et al. [ 47 ]. The 
mutations were located in the DNA-binding domain of 
 STAT3  in the fi rst eight patients, which extended to the 
SH2 domain of  STAT3 . Although clinical characteristics 
are identical among the patients with the mutations in the 
DNA-binding domain and those in the SH2 domain, it is 
not clear whether or how the mutation in the SH2 domain 
functions as dominant negative. By analogy with muta-
tions in  STAT1 , the mutations in  STAT3  may be present 
in the transactivation domain [ 48 ].

   STAT3  plays important roles in the differentiation 
of osteoblasts and osteoclasts in vitro, and mice defi -
cient for  STAT3  in osteoblasts show an osteoporotic 
phenotype [ 49 ]. When osteoclasts were generated from 
peripheral blood monocytes in culture with macrophage 
colony-stimulating factor and receptor activator of nuclear 
factor- κ B ligand, those from the HIES patients with the 
 STAT3  mutations showed higher bone-resorption activ-
ity compared with those from controls. This may refl ect 
the skeletal and dental abnormalities observed in HIES 
patients. Another remarkable clinical feature of HIES is 
that patients are often afebrile and feel well [ 2 ] despite 
serious pneumonia or dermal pathology (cold abscess) 
[ 36 ]. Moreover, acute-phase responses such as an increase 
in serum C-reactive protein during infections were dimin-
ished in our patients. STAT3 was originally identifi ed as 
a protein binding to the IL-6–responsive element in the 
genes encoding hepatic acute-phase proteins [ 26 ], and the 
liver-specifi c inactivation of STAT3 led to an impaired 
acute-phase response in mice. Thus, the apparent lack of 
classical infl ammatory responses in HIES patients could 
be attributed to defective IL-6 signaling.

  STAT3 plays a critical role in Th17 development in 
mice [ 50 ], and IL-17 produced by Th17 cells is protective 
in the host defense against extracellular bacteria [ 51–53 ]. 
IL-22 stimulates cells in the skin and respiratory systems 
to produce  β -defensins through STAT3 activation [ 54 , 55 ]. 

Thus, the susceptibility to extracellular bacterial infection 
could be attributed, at least in part, to the defects in Th17 
development and IL-22 signaling. Defective Th17 devel-
opment and function in HIES patients with mutations in 
 STAT3  was recently demonstrated [ 56 ]. Future studies 
should clarify how defective Th17 cells specifi cally cause 
the susceptibility to staphylococcal infections in the skin 
and the lungs.

  Treatment
  Treatment regimens that are most effective for HIES 
patients are preventive oral antibiotics. Antistaphylococcal 
penicillins were among the most widely used treatments. 
However, as more cases with multidrug-resistant  S. aureus  
evolve, the selection of antibiotics needs to be reconsid-
ered. Trimethoprim-sulfamethoxazole is safe and effective 
and has anti–methicillin-resistant  S. aureus  properties. 
Long-term, preventive trimethoprim-sulfamethoxazole 
with periodic monitoring associated with culture-directed 
antibiotics and antifungals is recommended for mainstay 
treatment of HIES patients. As described previously, it 
is important that physicians be careful about seemingly 
mild symptoms in HIES patients, which frequently require 
extensive assessments and aggressive interventions.

  The identifi cation of  STAT3  as a major causing gene 
for type 1 HIES enables us to defi nitively diagnose patients 
with HIES very early. The key feature for early diagnosis 
is newborn rash, which is frequently associated with the 
susceptibility to staphylococcal infections and high serum 
IgE. Earlier defi nitive diagnosis allows the start of oral 
antibiotics earlier, which should prevent the pneumatocele 
formation. Prevention is likely to improve the morbidity 
and mortality of patients with HIES.

  Conclusions
  Type 1 HIES has three unique features: 1) susceptibility to 
 S. aureus  infection in the skin and the lungs; 2) defective for-
mation of a normal “warm” abscess, which is likely to result 
from ineffi cient infl ammation; and 3) skeletal and dental 
abnormalities. None of the other primary immunodefi cien-
cies demonstrated the identical manifestations with HIES. In 
addition, although a few other primary immunodefi ciencies 
show extremely high serum IgE and atopic dermatitis–like 
skin lesions, these intriguing clinical manifestations have 
attracted the attention of many physicians and scientists. 
The identifi cation of the hypomorphic mutations in the 
 STAT3  gene in most of the patients with HIES revealed 
that the abnormalities in the signal transduction of multiple 
cytokines are likely to be responsible for the pathogenesis 
of HIES, although the exact molecular mechanism of this 
syndrome is still unclear. Future studies should clarify this 
syndrome’s molecular pathology, which may provide new 
insights into more common diseases, including autoimmu-
nity, osteoporosis, or allergy.



390 Immune Defi ciency and Dysregulation

  Acknowledgments
  This work is supported by Grants-in-Aid 16616004, 
17047013, 18659299, 19390282, and 20060009 from the 
Japanese Ministry of Education, Culture, Sports, Science, 
and Technology and Grants-in-Aid 2212148 and 2211932 
from the Japanese Ministry of Health, Labor, and Welfare.

  Disclosures
  No potential confl icts of interest relevant to this article were reported.

  References and Recommended Reading
  Papers of particular interest, published recently,
have been highlighted as:
  • Of importance
  •• Of major importance
  
  1.  Minegishi   Y,   Karasuyama   H:   Hyperimmunoglobulin E 

syndrome and tyrosine kinase 2 defi ciency.   Curr Opin 
Allergy Clin Immunol   2007,   7:  506–  509. 

  2.  Grimbacher   B,   Holland   SM,   Puck   JM:   Hyper-IgE syndromes. 
  Immunol Rev   2005,   203:  244–  250. 

  3.  Grimbacher   B,   Holland   SM,   Gallin   JI,   et al. :  Hyper-IgE 
syndrome with recurrent infections—an autosomal 
dominant multisystem disorder.   N Engl J Med   1999, 
  340:  692–  702. 

  4.  Freeman   AF,   Kleiner   DE,   Nadiminti   H,   et al. :  Causes of 
death in hyper-IgE syndrome.   J Allergy Clin Immunol 
  2007,   119:  1234–  1240. 

  5.  Renner   ED,   Puck   JM,   Holland   SM,   et al. :  Autosomal reces-
sive hyperimmunoglobulin E syndrome: a distinct disease 
entity.   J Pediatr   2004,   144:  93–  99. 

  6.  Ihle   JN:   Cytokine receptor signalling.   Nature   1995, 
  377:  591–  594. 

  7.  Liu   KD,   Gaffen   SL,   Goldsmith   MA:   JAK/STAT signaling by 
cytokine receptors.   Curr Opin Immunol   1998,   10:  271–  278. 

  8.  O’Shea   JJ,   Gadina   M,   Schreiber   RD:   Cytokine signaling 
in 2002: new surprises in the Jak/Stat pathway.   Cell   2002, 
  109(Suppl):  S121–  S131.

   9.  Muller   M,   Briscoe   J,   Laxton   C,   et al. :  The protein tyrosine 
kinase JAK1 complements defects in interferon-alpha/beta 
and -gamma signal transduction.   Nature   1993,   366:  129–  135. 

  10.  Rodig   SJ,   Meraz   MA,   White   JM,   et al. :  Disruption of the 
Jak1 gene demonstrates obligatory and nonredundant roles 
of the Jaks in cytokine-induced biologic responses.   Cell 
  1998,   93:  373–  383. 

  11.  Neubauer   H,   Cumano   A,   Muller   M,   et al. :  Jak2 defi ciency 
defi nes an essential developmental checkpoint in defi nitive 
hematopoiesis.   Cell   1998,   93:  397–  409. 

  12.  Parganas   E,   Wang   D,   Stravopodis   D,   et al. :  Jak2 is essential 
for signaling through a variety of cytokine receptors.   Cell 
  1998,   93:  385–  395. 

  13.  Nosaka   T,   van Deursen   JM,   Tripp   RA,   et al. :  Defective 
lymphoid development in mice lacking Jak3.   Science   1995, 
  270:  800–  802. 

  14.  Park   SY,   Saijo   K,   Takahashi   T,   et al. :  Developmental defects 
of lymphoid cells in Jak3 kinase-defi cient mice.   Immunity 
  1995,   3:  771–  782. 

  15.  Macchi   P,   Villa   A,   Giliani   S,   et al. :  Mutations of Jak-3 
gene in patients with autosomal severe combined immune 
defi ciency (SCID).   Nature   1995,   377:  65–  68. 

  16.  Russell   SM,   Tayebi   N,   Nakajima   H,   et al. :  Mutation of Jak3 
in a patient with SCID: essential role of Jak3 in lymphoid 
development.   Science   1995,   270:  797–  800. 

  17.  Firmbach-Kraft   I,   Byers   M,   Shows   T,   et al. :  Tyk2, prototype 
of a novel class of non-receptor tyrosine kinase genes. 
  Oncogene   1990,   5:  1329–  1336. 

  18.  Velazquez   L,   Fellous   M,   Stark   GR,   Pellegrini   S:   A protein 
tyrosine kinase in the interferon alpha/beta signaling 
pathway.   Cell   1992,   70:  313–  322. 

  19.  Karaghiosoff   M,   Neubauer   H,   Lassnig   C,   et al. :  Partial 
impairment of cytokine responses in Tyk2-defi cient mice. 
  Immunity   2000,   13:  549–  560. 

  20.  Shimoda   K,   Kato   K,   Aoki   K,   et al. :  Tyk2 plays a restricted 
role in IFN alpha signaling, although it is required for IL-
12-mediated T cell function.   Immunity   2000,   13:  561–  571. 

  21.  Bacon   CM,   McVicar   DW,   Ortaldo   JR,   et al. :  Interleukin 
12 (IL-12) induces tyrosine phosphorylation of JAK2 and 
TYK2: differential use of Janus family tyrosine kinases by 
IL-2 and IL-12.   J Exp Med   1995,   181:  399–  404. 

  22.  Stahl   N,   Boulton   TG,   Farruggella   T,   et al. :  Association and 
activation of Jak-Tyk kinases by CNTF-LIF-OSM-IL-6 beta 
receptor components.   Science   1994,   263:  92–  95. 

  23.  Minegishi   Y,   Coustan-Smith   E,   Wang   YH,   et al. :  Mutations 
in the human lambda5/14.1 gene result in B cell defi ciency 
and agammaglobulinemia.   J Exp Med   1998,   187:  71–  77. 

  24.  Minegishi   Y,   Rohrer   J,   Coustan-Smith   E,   et al. :  An essential 
role for BLNK in human B cell development.   Science   1999, 
  286:  1954–  1957. 

  25.  Conley   ME,   Rohrer   J,   Rapalus   L,   et al. :  Defects in early 
B-cell development: comparing the consequences of abnor-
malities in pre-BCR signaling in the human and the mouse. 
  Immunol Rev   2000,   178:  75–  90. 

  26.  Akira   S,   Nishio   Y,   Inoue   M,   et al. :  Molecular cloning of 
APRF, a novel IFN-stimulated gene factor 3 p91-related 
transcription factor involved in the gp130-mediated signal-
ing pathway.   Cell   1994,   77:  63–  71. 

  27.  Zhong   Z,   Wen   Z,   Darnell   JE Jr:   Stat3: a STAT family member 
activated by tyrosine phosphorylation in response to epidermal 
growth factor and interleukin-6.   Science   1994,   264:  95–  98. 

  28.  Wegenka   UM,   Buschmann   J,   Lutticken   C,   et al. :  Acute-
phase response factor, a nuclear factor binding to 
acute-phase response elements, is rapidly activated by 
interleukin-6 at the posttranslational level.   Mol Cell Biol 
  1993,   13:  276–  288. 

  29.  Lutticken   C,   Wegenka   UM,   Yuan   J,   et al. :  Association of 
transcription factor APRF and protein kinase Jak1 with 
the interleukin-6 signal transducer gp130.   Science   1994, 
  263:  89–  92. 

  30.  Nakajima   K,   Yamanaka   Y,   Nakae   K,   et al. :  A central role 
for Stat3 in IL-6-induced regulation of growth and differen-
tiation in M1 leukemia cells.   EMBO J   1996,   15:  3651–  3658. 

  31.  Williams   L,   Bradley   L,   Smith   A,   Foxwell   B:   Signal 
transducer and activator of transcription 3 is the dominant 
mediator of the anti-infl ammatory effects of IL-10 in 
human macrophages.   J Immunol   2004,   172:  567–  576. 

  32.  Minami   M,   Inoue   M,   Wei   S,   et al. :  STAT3 activation is a 
critical step in gp130-mediated terminal differentiation and 
growth arrest of a myeloid cell line.   Proc Natl Acad Sci U S A 
  1996,   93:  3963–  3966. 

  33.  Takeda   K,   Noguchi   K,   Shi   W,   et al. :  Targeted disruption 
of the mouse Stat3 gene leads to early embryonic lethality. 
  Proc Natl Acad Sci U S A   1997,   94:  3801–  3804. 

  34.  Akira   S:   Roles of STAT3 defi ned by tissue-specifi c gene 
targeting.   Oncogene   2000,   19:  2607–  2611. 

  35.  Kasprzycka   M,   Marzec   M,   Liu   X,   et al. :  Nucleophosmin/
anaplastic lymphoma kinase (NPM/ALK) oncoprotein 
induces the T regulatory cell phenotype by activating 
STAT3.   Proc Natl Acad Sci U S A   2006,   103:  9964–  9969. 

  36.  Davis   SD,   Schaller   J,   Wedgwood   RJ:   Job’s syndrome. 
Recurrent, “cold,” staphylococcal abscesses.   Lancet   1966, 
  1:  1013–  1015. 

  37.  Buckley   RH,   Wray   BB,   Belmaker   EZ:   Extreme hyperim-
munoglobulinemia E and undue susceptibility to infection. 
  Pediatrics   1972,   49:  59–  70. 

  38.  Del Prete   G,   Tiri   A,   Maggi   E,   et al. :  Defective in vitro 
production of gamma-interferon and tumor necrosis 
factor-alpha by circulating T cells from patients with the 
hyper-immunoglobulin E syndrome.   J Clin Invest   1989, 
  84:  1830–  1835. 



Genetic Origins of Hyper-IgE Syndrome Minegishi and Karasuyama 391

  39.  Borges   WG,   Augustine   NH,   Hill   HR:   Defective inter-
leukin-12/interferon-gamma pathway in patients with 
hyperimmunoglobulinemia E syndrome.   J Pediatr   2000, 
  136:  176–  180. 

  40.  Chehimi   J,   Elder   M,   Greene   J,   et al. :  Cytokine and chemo-
kine dysregulation in hyper-IgE syndrome.   Clin Immunol 
  2001,   100:  49–  56. 

  41.  Wood   PM,   Fieschi   C,   Picard   C,   et al. :  Inherited defects in 
the interferon-gamma receptor or interleukin-12 signal-
ling pathways are not suffi cient to cause allergic disease in 
children.   Eur J Pediatr   2005,   164:  741–  747. 

  42.••  Minegishi   Y,   Saito   M,   Morio   T,   et al. :  Human tyrosine 
kinase 2 defi ciency reveals its requisute roles in multiple 
cytokine signals involved in innate and acquired immunity. 
  Immunity   2006,   25:  745–  755.

   This study reported the fi rst molecular etiology of type 2 HIES. 
The authors showed that mycobacterial susceptibility is caused by 
impaired IFN- γ  production in response to IL-12; viral susceptibility 
is caused by impaired response to type 1 IFN.
  43.  Casanova   JL,   Abel   L:   Genetic dissection of immunity to 

mycobacteria: the human model.   Annu Rev Immunol   2002, 
  20:  581–  620. 

  44.••  Minegishi   Y,   Saito   M,   Tsuchiya   S,   et al. :  Dominant-negative 
mutations in the DNA-binding domain of STAT3 cause 
hyper-IgE syndrome.   Nature   2007,   448:  1058–  1062.

   This report demonstrated that hypomorphic mutation in  STAT3  is 
a major genetic origin of type 1 HIES.
  45.  Grimbacher   B,   Schaffer   AA,   Holland   SM,   et al. :  Genetic 

linkage of hyper-IgE syndrome to chromosome 4.   Am J 
Hum Genet   1999,   65:  735–  744. 

  46.  Holland   SM,   DeLeo   FR,   Elloumi   HZ,   et al. :  STAT3 
mutations in the hyper-IgE syndrome.   N Engl J Med   2007, 
  357:  1608–  1619. 

  47.  Renner   ED,   Torgerson   TR,   Rylaarsdam   S,   et al. :  STAT3 
mutation in the original patient with Job’s syndrome.   N Engl 
J Med   2007,   357:  1667–  1668. 

  

  48.  Dupuis   S,   Dargemont   C,   Fieschi   C,   et al. :  Impairment of 
mycobacterial but not viral immunity by a germline human 
STAT1 mutation.   Science   2001,   293:  300–  303. 

  49.  Itoh   S,   Udagawa   N,   Takahashi   N,   et al. :  A critical role 
for interleukin-6 family-mediated Stat3 activation in 
osteoblast differentiation and bone formation.   Bone   2006, 
  39:  505–  512. 

  50.  Yang   XO,   Panopoulos   AD,   Nurieva   R,   et al. :  STAT3 
regulates cytokine-mediated generation of infl ammatory 
helper T cells.   J Biol Chem   2007,   282:  9358–  9363. 

  51.  Toy   D,   Kugler   D,   Wolfson   M,   et al. :  Cutting edge: 
interleukin 17 signals through a heteromeric receptor 
complex.   J Immunol   2006,   177:  36–  39. 

  52.  Aujla   SJ,   Chan   YR,   Zheng   M,   et al. :  IL-22 mediates muco-
sal host defense against gram-negative bacterial pneumonia. 
  Nat Med   2008,   14:  275–  281. 

  53.  Zheng   Y,   Valdez   PA,   Danilenko   DM,   et al. :  Interleukin-22 
mediates early host defense against attaching and effacing 
bacterial pathogens.   Nat Med   2008,   14:  282–  289. 

  54.  Kreymborg   K,   Etzensperger   R,   Dumoutier   L,   et al. :  IL-22 is 
expressed by Th17 cells in an IL-23-dependent fashion, but 
not required for the development of autoimmune encephalo-
myelitis.   J Immunol   2007,   179:  8098–  8104. 

  55.  Wolk   K,   Kunz   S,   Witte   E,   et al. :  IL-22 increases the innate 
immunity of tissues.   Immunity   2004,   21:  241–  254. 

  56.  Milner   JD,   Brenchley   JM,   Laurence   A,   et al. :  Impaired 
T(H)17 cell differentiation in subjects with autosomal 
dominant hyper-IgE syndrome.   Nature   2008,   452:  773–  776.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


