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ABSTRACT

Hyper-IgE Syndrome (HIES) is a rare inborn error of immunity (IEI) characterised by elevated levels of serum IgE, 
recurrent bacterial infections on the skin, eczema and recurrent pneumonia which leads to the formation of lung 
cysts. DOCK8 Immunodeficiency Syndrome (DIDS) is characterised by severe allergy, chronic infections and ear-
ly-onset cancer. Diagnosis of both HIES and DIDS depends on the clinical characteristics of patients, laborato-
ry immunological findings as well as genetic analysis before coming up with the appropriate treatment strategy. 
Despite some overlapping phenotypes, DIDS has been reclassified as a combined immunodefiency (CID) sepa-
rate from HIES. This review discusses both STAT3-HIES and DIDS through its clinical presentations, mutational 
and immunological profile to explore any overlapping or distinctive features that resulted in the reclassification 
of DIDS as a CID. This review also explores current treatment plans and prospective strategies moving forward.  
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INTRODUCTION

Inborn errors of immunity (IEI) are a heterogeneous 
group of inherited developmental functions and defects 
involving the immune system and are often fatal. The 
clinical manifestations of IEI are highly variable and 
underlie phenotypes as diverse as infection, allergy, 
malignancy, autoinflammation and autoimmunity. 
With the advent of exome and genome sequencing 
technologies, more than 485 monogenic PIDs have 
been identified worldwide as reported by the IEI expert 
committee of the International Union of Immunological 
Societies (1). The incidence of IEI differs among countries 
and depends on the availability of patient registries and 
the level of clinical expertise and immunodiagnostic 
capabilities available. Hyper-IgE syndrome (HIES) 
is a rare IEI characterised by massively high levels of 
serum IgE, recurrent bacterial infections on the skin, 
eczema as well as recurrent pneumonia leading to 
the formation of lung cysts (2). Meanwhile, DOCK8 

Immunodeficiency Syndrome (DIDS) is characterised by 
severe allergy, chronic infections and early-onset cancer 
(3). Initial diagnosis of both HIES and DIDS is based 
on the clinical characteristics of patients, laboratory 
immunological findings as well as genetic analysis 
serving as the final verification. DIDS was previously 
referred to as an autosomal recessive variant of HIES 
due to some overlapping phenotypes associated with 
STAT3-HIES. However, it has since been appreciated 
as a separate diagnosis and has been reclassified as a 
combined immunodeficiency. This review will discuss 
and compare STAT3-HIES and DIDS through its clinical 
presentations, mutational and immunological profile for 
any overlapping or distinctive features as well as current 
and prospective treatment plans for both STAT3-HIES 
and DIDS.

STAT3 HYPER-IGE SYNDROME

HIES’s are a heterogeneous group of inborn errors of 
immunity caused by mutations on the STAT3, PGM3, 
CARD11, ZNF341, TYK2 and IL6ST genes. STAT3-HIES 
is the most common form of HIES and will be the sole 
focus surrounding HIES in this review. STAT3-HIES was 
first denoted as Job’s syndrome and was described with 
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recurrent ‘cold’ abscesses isolating Staphylococcus 
aureus in two unrelated girls sharing eczema, fair skin 
and chronic sinopulmonary infections in 1966 (4). 
STAT3-HIES is a rare disease which affects fewer than 
1 per million in a population (5). The survival rate of 
STAT3-HIES is typically very high into adulthood, with a 
few series detailing death skewing towards younger ages 
(2). Most cases of STAT3-HIES are sporadic but familial 
links are also reported (6).

DOCK8 IMMUNODEFICIENCY SYNDROME

DIDS was first clinically reported as an autosomal 
recessive variant of HIES characterised by a cellular 
immunodeficiency with an increased susceptibility to 
cutaneous viral infections but lacks the characteristic 
skeletal and dental abnormalities associated with HIES 
(7). However, it was described years earlier as a form 
of HIES with a higher susceptibility to viral and fungal 
infections (8). The prevalence of DIDS is much higher 
in populations where consanguinity is more common 
(9). The survival rate of DIDS patients decreases with 
later onset, regardless of any underlying or associated 
comorbidities or any extensive supportive therapies 
such as prophylactic antimicrobial chemotherapy or 
Ig replacement. Cohort studies have found that the 
probability of survival of DIDS patients at 10, 20 and 30 
years were 87%, 50% and 37% respectively (10).

DIDS was originally classified as an autosomal recessive 
variant of HIES but was recently reclassified as a 
combined immunodeficiency following more evidence 
of B and T-cell deficiency in patients (11). However, 
the clinical presentation of DIDS is similar to that of 
STAT3-HIES mainly due to the functional relationship 
of these two genes, STAT3 and DOCK8. These clinical 
presentations include increased susceptibility to severe 
viral infections, autoimmunity and an increased risk of 
malignancy. DIDS also share clinical features with other 
combined immunodeficiencies such as Wiskott-Aldrich 
syndrome and STK4/MSTI deficiency. These clinical 
features include eczema, allergies, autoimmunity, 
increased disposition to malignancies and severe 
infections. 

PHENOTYPES OF STAT3 HYPER-IGE SYNDROME 
AND DOCK8 IMMUNODEFICIENCY SYNDROME

STAT3-HIES patients present mainly with eczema, 
recurrent abscesses as well as recurrent pneumonia 
leading to the formation of lung cysts. Noticeable 
laboratory features of STAT3-HIES include massively 
elevated serum IgE levels, elevated IgG serum and low 
Th17 cell levels. However, the pathophysiology of IgE 
elevation in STAT3-HIES is poorly understood. A case 
study reported that an elevated IgE level could be 
suggestive of a STAT3 mutation, but a normal IgE level 
does not exclude the diagnosis, particularly in infants 
and children (12). The lungs are the most common site 

of infection in STAT3-HIES patients, with multiple cohort 
studies reporting very high incidences of pneumonia, 
bronchiectasis and pneumatoceles of above 90% (13, 
14, 15). Patients are also susceptible to non-immune 
complications that affect connective tissues, teeth and 
bone which usually develop in early adolescence. 
These include primary tooth retention, cranial suture 
abnormalities, recurrent fractures, hyperextensibility, 
coarse facial features, characteristic facies, and skeletal 
abnormalities (16). 

Meanwhile, DIDS primarily presents with atopic 
disease, frequent viral cutaneous infections, upper and 
lower respiratory infections and malignancy (11). The 
viral profile of these infections is mostly due to herpes, 
papilloma and molluscum contagiosum viruses (9). 
The most noticeable laboratory features of DIDS are 
eosinophilia, low T-cell counts, elevated IgE and low 
IgM levels (10). Unlike STAT3-HIES, DIDS patients rarely 
present with skeletal abnormalities or pneumatoceles (8, 
10). Eczema, elevated IgE levels and high frequency of 
atopic diseases such as food allergies and asthma are the 
main findings in DIDS patients overall. DIDS also leads 
to a susceptibility to cancer, especially non-lymphoid 
malignancies such as hematological and epithelial 
cancers (9, 18). Mortality mostly occurs due to infections 
in the respiratory tracts and skin as well as malignancy 
(10). DIDS features severe food allergies that trigger 
life-threatening anaphylaxis (18). In an international 
retrospective survey of 136 patients with DOCK8 
mutations, eczema, allergies, abscesses, viral infections, 
infections of the respiratory tract, and cutaneous 
candidiasis were found to be the most common clinical 
manifestations of DIDs patients (10). 

The phenotype of DIDS share a striking resemblance of 
severe atopic disease as the skin is one of the most major 
organs affected by DIDS (19). However, it is important 
to note that most studies on the clinical features of DIDS 
were done on patients who had high clinical suspicion 
for STAT3-HIES and were tested for mutations on the 
DOCK8 gene. Therefore, some reporting bias can be 
assumed and there are potentially missing phenotypes 
that are less typical or mild. 

The functional role of STAT3 and DOCK8 in 
regulating STAT3 phosphorylation as well as TH17 cell 
differentiation may explain some overlapping features 
in STAT3-HIES and DIDS. Conversely, although the 
prevalence of some features can be attributed to either 
STAT3-HIES or DIDS, the findings of multiple cohort 
studies highlight the non-specificity of these clinical 
features for each individual patient. 

Given the multisystem nature of the disorder, the 
National Institutes of Health developed a 20-point 
clinical scoring system for STAT3-HIES to predict 
the likelihood of STAT3 mutations based on the 
patient’s clinical presentations (20). Components of 
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the scoring system include infections, immunological 
manifestations and skeletal abnormalities. This system 
was later modified to include the determination of IL17 
producing T-cells. Afterward, when DOCK8 deficiency 
was thought to be the autosomal recessive variant of 
HIES, a modified weighted HIES score was adapted to 
determine a patient’s likelihood of carrying either STAT3 
or DOCK8 mutations (21). Scoring systems are valuable 
especially when funding is limited, as it helps to identify 
individuals in whom to conduct genetic testing or in 
considering the diagnosis. However, these scoring 
systems are limited by potentially underestimating an 
early diagnosis as it depends on criteria such as end-
stage organ damage and other features that develop late 
in childhood (9). As a result, existing scoring systems 
may fail in infants and young children. This shows that 
clinical findings alone can be useful for screening but 
are not sufficient for the diagnosis of STAT3-HIES and 
DIDS and must be supplemented with immunological 
and genetic testing. 

For this review, multiple cohort studies were combined 
to form a cumulative dataset to illustrate and compare 
the incidence of STAT3-HIES and DIDS phenotypes. 
To demonstrate the STAT3-HIES phenotypes, data 
was compiled from four cohort studies of different 
populations. This includes a French national survey that 
identified 60 patients with STAT3-HIES from 47 kindreds 
(14), a national data compilation of the Indian cohort of 
27 patients who were genetically diagnosed with STA3-
HIES (17), 17 patients of the mainland China cohort (22) 
and 38 patients of the Central Europe cohort with NIH 
scores above 40 points that was later genetically tested 
to have STAT3-HIES. In each of these cohort studies, all 
information was collected from case reports and medical 
data. Meanwhile, to demonstrate the incidence of DIDS 
phenotypes, data was compiled from two cohort studies 
that did not overlap. This includes a long-term follow-up 
analysis of 16 DIDS patients of the Iranian cohort (10) 
and an international retrospective survey of 136 DIDS 
patients with a median follow-up of 11.3 years (24). 
 
Based on Table I, both DIDS and STAT3-HIES show higher 
incidence in different systems despite some phenotypic 
overlap. The incidence of eosinophilia, eczema, 
autoimmunity, malignancy and food allergies appear 
higher in DIDS patients. Meanwhile, the incidence of 
recurrent infections, lung-centered phenotypes like 
pneumonia, bronchiectasis and pneumatoceles appear 
higher in STAT3-HIES patients. Similarly, the incidence 
of facial dimorphism and retained primary teeth also 
appear higher in STAT3-HIES patients. This highlights a 
distinction between the phenotypes of DIDS and STAT3-
HIES that may help clinicians to differentiate between 
the two diseases.

Despite being recognized as a multisystem disorder, it 
is important to note that the phenotype of STAT3-HIES 
differs in different populations. For example, a cohort 
study of 27 Indian patients who were confirmed STAT3-
HIES from genetic testing reported that the Indian 
population had a higher prevalence of Mycobacterial 
disease (18.5%) and lower incidences of eczema (37%) 
compared to other cohorts (17). Another cohort study 
on the clinical profile of the Iranian population reported 
very low incidences of elevated serum IgE (25%) and 
retained primary teeth (25%) (13). Meanwhile, a 
cohort study on the French population reported higher 
incidences of bronchiectasis (65%) (14). Thus, it is 
important to encourage cohort studies on the STAT3-
HIES phenotype that is specific to different populations 
as they are likely to be unique. A better understanding of 
phenotypic profiling will vastly improve local diagnostics 
and remove diagnostic errors at the screening stage. 

MUTATIONAL ANALYSIS OF STAT3 HYPER-IGE 
SYNDROME AND DOCK8 IMMUNODEFICIENCY 
SYNDROME 

STAT3-HIES is largely associated with mutations on the 
human signal transducer and activator of transcription 3 
(STAT3) gene. STAT3 is a part of the STAT gene family 
which provides instructions for making essential proteins 
mainly through the JAK/STAT signaling pathway (25). 
STAT3 is a transcription factor that regulates genes for 
proliferation, differentiation, apoptosis, inflammation 
and tumorigenesis. The numerous signals transduced 
through these pathways mean that deleterious mutations 
cause diverse pathology, including severe combined 
immunodeficiency, malignancy, autoimmunity (2). 
STAT3 is located on the long arm of chromosome 17 

Table I: Compares the incidence of STAT3-HIES and DIDS 
phenotypes

Phenotype STAT3-HIES, 
N=142 (%)

DIDS, 
N=152 (%)

Serum IgE >2000 IU/mL 91 98

Eosinophilia 79 96

Recurrent skin abscess 73.9 71.6

Recurrent infections 82 49.1

Eczema 80 90.1

Pneumonia 88.9 41

Bronchiectasis 41.4 31.4

Pneumatoceles 47 4.6

Autoimmunity 3.7 13

Malignancy 5.35 11.6

Facial dimorphism 83.5 0

Retained primary teeth 54.4 6.2

Food allergy 10 85
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and consists of 24 exons spanning over 74 kilobases 
and encodes a protein of approximately 93kDa. STAT3 
follows an autosomal dominant inheritance which can 
manifest as homozygous or heterozygous mutations 
(26). However, de novo mutations that are not inherited 
are also reported (2). 

The domains of STAT3 proteins are well-studied as 
consist of the N-terminal, a coiled-coil domain (CCD), 
DNA-binding domain (DBD), Linker, SH-2 and the 
C-terminal transactivation domain. In vitro studies have 
reported slightly increased rates of non-immunological 
features in SH-2 mutants with modest differences (27). 
For this review, a comprehensive data collection was 
done on the Human Gene Mutation Database (HGMD) 
to compile any STAT3-HIES mutations recorded in 
the literature to date. The mutations were compiled 
by using the keywords ‘Hyper-IgE Syndrome, ‘Job 
Syndrome’ and ‘Autosomal Dominant Hyper-Ige 
Syndrome’. The variants and mutations are visualised 
in Fig. 1. The majority of the mutations on the STAT3 
gene are missense and are concentrated along the 
DBD, Linker and SH-2 domains, where both protein 
and chromosomal mutations are centered at. These 
findings are consistent with the regulatory roles of 
these domains, where the DBD domain functions 
to stabilise protein-DNA complexes while the SH2 
domain acts as a phosphorylation-dependent switch to 
control DNA-binding. Furthermore, there is a functional 
relationship between STAT3 and DOCK8, where STAT3 
phosphorylation and Th17 differentiation are dependent 
on DOCK8 through a mechanism utilising GEF activity 
(18).

found on the short arm of chromosome 9 and consists 
of 48 exons spanning over 250 kilobases and encodes 
a protein of approximately 190kDa. DOCK8 follows 
an autosomal recessive inheritance which can manifest 
as homozygous or compound heterozygous mutations. 
DOCK8 proteins contain an N-terminal, Dock homology 
region-1 domain (DHR-1), Dock homology region-2 
domain (DHR-2). The DHR-1 domain is associated with 
signaling and membrane localisation of GEF activity 
while the DHR-2 domain contains a catalytic subunit to 
exchange GDP to GTP. Given that these domains only 
span approximately 20% of the entire protein, there is 
a lot more to be explored about other regions of this 
protein. 

For this review, a comprehensive data collection was 
done on the Human Gene Mutation Database (HGMD) 
to compile any DIDS mutations recorded in the literature 
to date. The mutations were compiled by using the 
keywords ‘DOCK8 Deficiency’, ‘Autosomal Recessive 
Hyper-Ige Syndrome’ and ‘DOCK8 Immunodeficiency 
Syndrome’. The variants and mutations are visualised 
in Fig. 2. Although there are no particular mutation 
hotspots, the majority of protein mutations are found 
along the DHR-2 domain. Moreover, both protein and 
chromosomal mutations are also concentrated along 
the unknown regions of the DOCK8 protein. Mutations 
that are concentrated along the unknown regions of the 
DOCK8 protein could potentially elucidate the role of 
these unknown regions and characterise these domains.  
The mutational profile of DOCK8 includes missense, 
splicing and regulatory mutations, small insertions, 
deletions and indels, as well as gross insertions and 
deletions. However, the majority of DOCK8 mutations 

Fig. 1: The STAT3 protein, domains and associated mutations.

Fig. 2: The DOCK8 protein, domains and associated mutations

are deletions which can be as small as to only affect 
a few base pairs and be as large as to span an entire 
locus, completely hampering protein expression. These 
deletions are visualised in Fig. 3. The high occurrence 
of deletions may be due to the formation of abnormal 

Meanwhile, the dedicator of cytokinesis 8 (DOCK8) 
gene belongs to the DOCK180 superfamily of atypical 
Guanine Exchange Factors (GEF) which are involved in 
regulating actin cytoskeleton (28). The DOCK8 gene is 
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likely to cause the similar phenotypes and immunological 
features between STAT3-HIES and DIDS.  

IMMUNOLOGICAL FEATURES STAT3 HYPER-IGE 
SYNDROME AND DOCK8 IMMUNODEFICIENCY 
SYNDROME
 
STAT3 plays a crucial role in signal transduction of 
many important cytokine interleukins including IL-
6, IL-10, IL-11, IL-12 and IL-17. STAT3 mutations 
result in the down regulation of anti-inflammatory and 
inflammatory responses, resulting in inflammation in 
the lungs, pulmonary pneumatoceles and cold abscess 
formation on the skin (12). From laboratory evidence, 
STAT3 is shown to impair Th17 cell development, 
disrupt IL-17 differentiation and reduce CD4 T-cell 
productions (34, 35, 36). Th17 cells of STAT3-HIES 
patients show impaired development, which may 
explain the susceptibility to infectious agents such as 
extracellular fungi and bacteria which are commonly 
observed in STAT3-HIES (34). Many previous studies 
have reported the absence or significant reduction of 
Th17 cells in patients with STAT3 mutations (34, 35, 
36).  The role of STAT3 in Th17 development is further 
confirmed through studies that show HIES patients who 
do not have STAT3 mutations had similar Th17 levels 
to those of healthy controls (35). Thus, the negative 
regulation of Th17 cells in patients can be considered 
a consistent immunophenotype in patients with STAT3-
HIES. STAT3 is also involved in the signal transduction 
of many cytokines. STAT3-HIES has also been shown 
to disrupt the differentiation of IL-17 which produces 
CD4+ T lymphocytes, which also play an important role 
for immunity against fungi and bacteria (17). 

Moreover, STAT3 mutations have been shown to disrupt 
T follicular helper (Tfh) cell differentiations as a result of 
the defective expression of CD4 T-cells which reduces 
the production of peptides and chemokines (37).  Lastly, 
IL-11 signaling is also impaired in STAT3-HIES patients. 
IL-11 reduction disrupts the metalloproteinase generation 
pathway which results in  the non-immunological 
abnormalities in STAT3-HIES patients (16). This includes 
phenotypes such as coarse facial features, cranial suture 
abnormalities, primary tooth retention and skeletal 
abnormalities.  

Meanwhile, DOCK8 plays a vital role in both innate 
and adaptive immunity. From laboratory evidence, it 
is known that DOCK8 mutations affect various T-cell 
subsets, B-cells and NK-cells. Various human and 
animal studies have shown impaired antibody response 
to T-cell dependent antigens in DOCK8 deficiency (38). 
Peripheral blood analysis using flow cytometry shows 
that DIDS patients can be characterised by decreased 
CD4 and CD3 T-cell counts and shifted CD8 T-cell 
compartments toward a more exhaustive phenotype. 
Moreover, the B-cell compartments show an increase in 
naive B-cells but reduced memory B-cells (11, 18). Naive 

recombinations due to the repetitive genomic sequences 
within and surrounding the DOCK8 gene (29). Contrarily, 
the same repetitive genomic sequences are reported to 
be responsible for DNA repair in somatic cells (30, 31). 
DIDS patients have been reported to undergo somatic 
reversion. Somatic reversion refers to the spontaneous 
repair of pathogenic germline genetic variants (32). As 
a result, some patients may express low but detectable 

Fig. 3: The gross deletions recorded along the DOCK8 gene.

levels of DOCK8 protein despite the loss-of-function 
nature of DOCK8 mutations. A case study on three 
patients with biallelic compound heterozygous DOCK8 
variants reported significant expression of DOCK8 
proteins in 75% of all CD8 T-cells and 10% of all B-cells 
in their lymphocyte subsets following somatic reversion 
(32). However, not all cases of somatic reversions are 
considered ‘disease eliminating’ due to insufficient 
DOCK8 reestablishment within lymphocytes (31). 

Given the size of the DOCK8 genes, genetic testing is 
rather difficult. Alternatively, DOCK8 proteins are a 
valuable component in assessing DIDS and descriptions 
of flow cytometry-based assays to detect DOCK8 
protein may be useful in screening patients. However, 
this method will not be able to detect the expression 
of any non-functional DOCK8 mutations. Intracellular 
expression levels of DOCK8 proteins can be evaluated 
through flow cytometric analysis and can indicate the 
likelihood of DOCK8 mutations.

A functional relationship between DOCK8 and STAT3 
exists that necessitates the role of DOCK8 in the optimal 
phosphorylation of STAT3 and Th17 differentiation in a 
GEF activity-dependent mechanism (18). Furthermore, 
gene expression analysis shows that DOCK8 mediates 
STAT3 translocation to the nucleus as well as the 
transcription of STAT3-dependent genes (33). This is 
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CD4 T-cells show impaired TH17 cell differentiation 
due to the functional relationship between DOCK8 
and STAT3 regulating STAT3 phosphorylation (33). 
CD8-T cells of DIDS patients show impaired activation, 
proliferation and cytokine production. Furthermore, the 
role of DOCK8 deficiency in peripheral CD8 T-cell and 
NK-cell survival also explains the strong disposition 
of DIDS towards viral infections through cytothripsis 
(21). Cytothripsis describes a distinct type of cell death 
characterised by aberrant cell shape and movement. 
The control of herpesvirus skin infections is impaired by 
the cytothripsis of DOCK8-deficient cells by preventing 
the generation of lasting skin-resident memory CD8 
T-cells (21). 

Furthermore, the role of T-cells in the impaired antibody 
response to T-dependent antigens was revealed through 
mouse models, where DOCK8 deficient mice were 
found to mount poor antibody IgG antibody responses to 
T-dependent antigens (38). The interactions between T 
follicular helper (Tfh) cells and B-cells are also necessary 
for the antibody response to T-cell dependent antigens. 
One report showed that DIDS patients show reduced 
T-cell receptor excision circle (TREC) numbers in 
patients between the ages of 13 months and 6 years (39). 
However, more immunological evidence is needed for 
DIDS to be reliably diagnosed by TREC-based newborn 
screening. Furthermore, flow cytometric analysis also 
identified B-cell maturation arrest which ultimately 
hampers serological memory in DOCK8 deficiency 
patients. CD27+ memory B-cell response was severely 
reduced, and B-cells failed to proliferate or secrete IgM 
and IgG in response to CpG which is an adjuvant for 
antibody responses (40). These findings also elucidate 
the role of DOCK8 in the signaling pathway of B-cells as 
an adaptor in TLR9-MyD88. 

Natural killer (NK) cells are crucial for defense against 
cells infected with viruses as well as for tumour 
surveillance. NK-cells are also found to have reduced 
functions in DIDS patients. A cohort study done to 
determine the role of NK-cells in DOCK8 pathogenicity 
showed that defective actin accumulation at the lytic 
immunological synapse results in NK-cell cytotoxicity, 
impairing NK-cell function (40). This may explain the 
susceptibility to viral infections and malignancy in 
DIDS patients. Overall, the immunological profile of 
DIDS patients reflects the important roles of DOCK8 
in maintaining both dependent and independent actin 
cytoskeleton responses.

One immunological feature that is common in both 
STAT3-HIES and DIDS patients is the impairment of 
TH17 cell differentiation which is likely due to the 
functional relationship between DOCK8 and STAT3 
in regulating STAT3 phosphorylation. The similar 
phenotypes shared by STAT3-HIES and DIDS such as 
recurrent infections may also be associated through 
this interaction. Otherwise, STAT3 mutations seem to 

largely impair T-cells through reduced CD3 production, 
disruption of Tfh cell differentiation. Meanwhile, the 
consequences of DIDS are disruptive to the T-cell, 
B-cell and NK-cell lymphocyte subsets as a whole. In 
T-cell subsets, DOCK8 mutations impair TH17 cell 
differentiation in CD4, reduces CD3 and CD4 T-cell 
production and impairs CD8 activation. In B-cells, 
DOCK8 mutations impair B-cell activation and reduce 
memory B-cells, while NK-cell subsets show reduced 
functions.

TREATMENT STRATEGIES FOR STAT3-HYPER-IGE 
SYNDROME AND DOCK8 IMMUNODEFICIENCY 
SYNDROME
 
Common therapeutic measures for STAT3-
HIES patients include antiviral and antibacterial 
prophylaxis, immunoglobulin replacement therapy and 
hematopoietic stem cell transplantation (HSCT). Initial 
case reports on HSCT on STAT3-HIES patients were 
reported unsuccessful (41). However, recent reports 
have shown otherwise following an 18-year follow-
up of eight STAT3-HIES patients that have undergone 
HSCT (42). The patients demonstrated improvements 
in rates of infection, pulmonary function and resolution 
of skin disease. Furthermore, serum IgE was shown to 
fall to normal levels and normal population of IL-17 
secreting Th17 lymphocytes were demonstrated. This 
highlights the success of HSCT in correcting the immune 
manifestations of STAT3-HIES patients. Nonetheless, 
HSCT is limited to the presence of compatible donors, 
unintended adverse effects and the high cost of treatment.

Until a compatible donor can be identified for 
HSTC, STAT3-HIES is managed through antiviral and 
antibacterial prophylaxis as well as immunoglobulin 
replacement therapy (43). A retrospective cohort study 
of 45 patients over an eight-year period reported that 
administrating one-year intravenous immunoglobulin 
(IVIG) replacement therapy significantly reduced the 
number and length of hospitalisations in STAT3-HIES 
patients (44). A case study also reported the success of 
IVIG treatment in treating severe eczema in STAT3-HIES 
patients (45). When studied in vitro, high levels of IgG 
decreased spontaneous IgE production in cell cultures 
of STAT3-HIES patients (45). Furthermore, prophylactic 
treatment is also given until immune reconstitution to 
prevent infection and noninfectious complications post-
transplantation. Frequent screening to monitor disease 
progression is also vital for IEI management.  

Like STAT3-HIES, common therapeutic measures 
for DIDS patients include antiviral and antibacterial 
prophylaxis, immunoglobulin replacement therapy 
and HSCT. It is common consensus that early HSCT 
should be considered as a potential curative measure 
given the severity of DIDS. Many case reports have 
suggested that successful allogeneic HSCT can correct 
the immunodeficiency due to lack of DOCK8 function. 
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Success rates of HSCT also increase when transplantation 
is done on patients before the disease can progress (10). 
However, HSCT is limited to the presence of compatible 
donors, unintended adverse effects and the high cost 
of treatment. To address the need for compatible 
donors, few case reports suggest a promising alternative 
through autologous HSCTs for DIDS patients who have 
undergone somatic reversion (32, 46). Somatic reversion 
in DIDS patients inactivates and repairs the pathogenic 
DOCK8 mutation leading to improved clinical features 
but is not curative. This alternative may present with 
fewer risks and eliminates several challenges associated 
with the standard allogeneic HSCT such as donor 
availability or graft rejection, as the patient’s own cells 
are used in the transplant. 

Similar to STAT3-HIES, DIDS is also managed 
through antiviral and antibacterial prophylaxis as 
well as immunoglobulin replacement therapy until a 
compatible donor can be identified for HSCT. Despite 
the preventive nature of prophylaxis on infections, the 
role of prophylaxis against the recurrent aspect of DIDS 
infections is unclear. Moreover, there are no controlled 
studies on the effectiveness of specific prophylactic 
treatment approaches against DIDS (10). 

FUTURE PROSPECTS 

Recent discussion show potential in the use of gene 
therapy such as CRISPR/Cas-mediated gene editing as 
an alternative treatment, mainly through the Homology-
Directed Repair (HDR) and Non-Homologous End-
joining (NHEJ) pathways which play active roles in DNA 
repair (11). By using this approach, modifications at the 
target locus can be introduced by exploiting both the 
HDR and NHEJ pathways together. This mitigates any 
errors that may occur through the NHEJ pathway and the 
low rates of the HDR mechanism that is otherwise prone 
to happen when utilised alone. Given the monogenic 
recessive nature of DIDS, this alternative is considerably 
more precise, low risk and affordable compared to HSTC. 
This can be seen in successful clinical trials for sickle-
cell disease and beta-thalassemia (47). Although HSCT 
cures the infection susceptibility and eczema in DIDS 
patients, it does little to treat other clinical presentations 
like food allergies (18).

CONCLUSION

To conclude, this review reports the phenotypes, 
mutational and immunological profile as well as current 
treatment plans of STAT3-HIES and DIDS. Because of the 
broad clinical features of STAT3-HIES and DIDS as well 
as the susceptibility to infections, early-onset malignancy 
and mortality, awareness of the clinical presentations 
of these patients needs encouragement. In doing so, 
national patient registries should be implemented to 
report and monitor patients. Moreover, cohort studies to 
assess the phenotype of patients in different populations 

should also be encouraged. For DIDS cohort studies, it 
may be useful to consider patients for DIDS rather than 
STAT3-HIES patients who test positive for the DOCK8 
mutations to avoid any reporting biases and to identify 
any presentations that are less typical. There is a lot more 
room to probe the genetic and immunological profile of 
these patients. Notable issues include domain function of 
DOCK8 proteins, IgE pathophysiology, the significance 
of prophylaxis and further impacts of STAT3 and DOCK8 
mutations on the immunology of patients. Furthermore, 
the potential for autologous HSCT considering DOCK8’s 
potential for self-repair is an exciting avenue to explore. 
Given all that is reported of STAT3-HIES and DIDS, as 
well as the recent classification of DIDS as a CID, it 
is important to be informed of any new update in the 
field so as to best optimise the diagnosis and treatment 
management of patients.
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