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A bs tr ac t

Background

The hyper-IgE syndrome (or Job’s syndrome) is a rare disorder of immunity and 
connective tissue characterized by dermatitis, boils, cyst-forming pneumonias, elevat-
ed serum IgE levels, retained primary dentition, and bone abnormalities. Inheritance 
is autosomal dominant; sporadic cases are also found.

Methods

We collected longitudinal clinical data on patients with the hyper-IgE syndrome 
and their families and assayed the levels of cytokines secreted by stimulated leuko-
cytes and the gene expression in resting and stimulated cells. These data impli-
cated the signal transducer and activator of transcription 3 gene (STAT3) as a candi-
date gene, which we then sequenced.

Results

We found increased levels of proinflammatory gene transcripts in unstimulated 
peripheral-blood neutrophils and mononuclear cells from patients with the hyper-
IgE syndrome, as compared with levels in control cells. In vitro cultures of mono-
nuclear cells from patients that were stimulated with lipopolysaccharide, with or 
without interferon-γ, had higher tumor necrosis factor α levels than did identically 
treated cells from unaffected persons (P = 0.003). In contrast, the cells from patients 
with the hyper-IgE syndrome generated lower levels of monocyte chemoattractant 
protein 1 in response to the presence of interleukin-6 (P = 0.03), suggesting a defect 
in interleukin-6 signaling through its downstream mediators, one of which is STAT3. 
We identified missense mutations and single-codon in-frame deletions in STAT3 in 
50 familial and sporadic cases of the hyper-IgE syndrome. Eighteen discrete muta-
tions, five of which were hot spots, were predicted to directly affect the DNA-bind-
ing and SRC homology 2 (SH2) domains.

Conclusions

Mutations in STAT3 underlie sporadic and dominant forms of the hyper-IgE syn-
drome, an immunodeficiency syndrome involving increased innate immune response, 
recurrent infections, and complex somatic features.
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The syndrome described as Job’s syn-
drome by Davis et al. in 19661 and as hy-
perimmunoglobulinemia E by Buckley et al. 

in 19722 was originally characterized by recur-
rent cold staphylococcal abscesses, pneumonia, 
eczema, hyperextensibility, and extreme elevation 
of IgE levels. Since then, additional features of the 
hyper-IgE syndrome have been recognized, includ-
ing scoliosis, pathologic fractures, pneumatoceles, 
delayed dental deciduation,3,4 coronary-artery an-
eurysms,5 brain lesions, and Chiari’s malforma-
tions.6 Pneumonia in patients with the hyper-IgE 
syndrome is typically caused by infections with 
Staphylococcus aureus, Haemophilus inf luenzae, or Strep-
tococcus pneumoniae and leads to pneumatoceles,3 
providing portals for fatal infections with bacte-
ria and filamentous fungi.7

Eosinophilia, eczema, and elevated IgE levels 
focused attention on the T helper cell Th1/Th2 
profile,8 but no primary defect was uncovered. 
Cytogenetic and linkage data suggested the pres-
ence of a locus on chromosome 4q, but no disease 
gene was found there.9 Microarray-based approach-
es have yielded inconsistent results.10,11 We there-
fore aimed to comprehensively describe the phe-
notypes of affected persons in a large cohort and 
to assay gene expression and in vitro cytokine 
production to identify relevant pathways.

Me thods

Patients and Controls

Patients suspected to have the hyper-IgE syndrome, 
or their parents, and their relatives gave written 
informed consent. These patients and relatives 
were enrolled in studies approved by the institu-
tional review board of the National Institute of 
Allergy and Infectious Diseases. We collected blood 
samples while patients were clinically well and 
were not receiving corticosteroids or nonsteroidal 
antiinflammatory drugs. An empirical scoring sys-
tem was used to calculate the risk of carrying the 
hyper-IgE syndrome trait on the basis of an ag-
gregation of diagnostic features.9 We arbitrarily 
categorized hyper-IgE syndrome scores of 0 to 15 
as unaffected, 16 to 39 as possibly affected, 40 to 
59 as probably affected, and 60 or more as defi-
nitely affected.9 We analyzed by microarray blood 
samples obtained from probands who were defi-
nitely affected (had scores of 60 or more) and were 
over the age of 16 years. We also performed cyto-

kine phenotyping on these samples, in addition 
to those from persons with familial and sporadic 
hyper-IgE syndrome (which included possibly and 
probably affected persons). Samples from 50 pa-
tients and 48 family members were available for 
sequence analysis. The race or ethnic group of pa-
tients was determined by a physician author and 
by self report (for details, see the Supplementary 
Appendix, available with the full text of this ar-
ticle at www.nejm.org). Control DNA was col-
lected according to several approved protocols 
from unaffected persons: 125 whites, 15 Hispan-
ics, 4 blacks, 2 Asians, 1 white Hispanic, 1 black 
Hispanic, and 10 persons of unknown ancestry. 
Race or ethnic group of these control subjects was 
self-reported.

Microarray Analysis

We isolated polymorphonuclear leukocytes and 
peripheral-blood mononuclear cells from venous 
blood samples and carried out phagocytosis and 
microarray assays as previously described.12,13 We 
labeled samples, allowed for hybridization of com-
plementary RNA to microarrays (HU133 Plus 2.0, 
Affymetrix), and scanned the microarrays accord-
ing to standard Affymetrix protocols. For each time 
point, we analyzed cells from 9 control donors of 
peripheral-blood mononuclear cells or 10 control 
donors of polymorphonuclear leukocytes and 7 pa-
tients with the hyper-IgE syndrome, using a sepa-
rate oligonucleotide array for each donor. One 
sample of stimulated control polymorphonuclear 
leukocytes for the 360-minute time point was lost 
owing to technical error.

We analyzed the gene-expression data by using 
Microarray Suite software, version 5.0 (Affymetrix), 
and GeneSpring software, version 5.0 (Silicon Ge-
netics), as described previously,12,13 but with modi-
fications. We defined genes as being differentially 
expressed when all three of the following crite-
ria were met: the gene was identified as “pres-
ent” by the Microarray Suite software in 8 of the 
9 samples of peripheral-blood mononuclear cells 
or 9 of the 10 samples of polymorphonuclear 
leukocytes from control subjects and in 6 of the 
7 samples of cells from patients, the difference in 
gene expression between the samples from con-
trol subjects and those from patients was twofold 
or greater, and the normalized signal intensity was 
at least 100. We carried out principal-component 
analysis using software from Partek and compared 
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