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Abstract

Clinical observations and mechanistic studies in DOCK8-deficient patients and mice have revealed 

multiple mechanisms which could contribute to their unusually prevalent and severe allergic 

disease manifestations. Physical interactions of DOCK8 with STAT3 in B cells and T cells 

may contribute to increased IgE isotype switching or defective immune synapse formation that 

decreases TCR signal strength. A newly discovered TFH13 cell type promotes the development 

of life-threatening allergy via production of IL-13 and is increased in DOCK8 deficiency. 

Cytoskeletal derangements and cytothripsis, which were previously shown to account for the 

increased susceptibility to viral skin infection in DOCK8 deficiency, can lead to interplay between 

myeloid cells and T cells to ultimately increase production of IL-4, IL-5, and IL-13. Finally, 

effects on ILC2 may also contribute to allergic disease.

Background

DOCK8 deficiency is a combined immunodeficiency (CID) that is caused by mutations 

in an atypical guanine-nucleotide exchange factor for activating CDC42 [1,2]. The disease 

is hallmarked by not only increased infection susceptibility but also allergic disease. The 

infections in these patients show a predilection for the skin, and they are typically caused 

by Staphylococcus aureus or various persistent viruses, with human papillomavirus (HPV) 

also predisposing to development of squamous cell cancers [3]. The skin infections usually 

occur superimposed upon and are aggravated by atopic dermatitis, which starts in infancy 

and can become severe or extensive enough to necessitate wet-wrap therapy or dupilumab 

(anti-IL-4Rα monoclonal antibody) [4]. It is important to emphasize that allergic disease is 

not limited to allergic inflammation occurring in some forms of eczema, but it encompasses 

other clinical manifestations of immediate hypersensitivity. Other manifestations of clinical 

allergy in DOCK8-deficient patients are allergic rhinitis, sometimes requiring allergen 
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immunotherapy; mild-to-moderate persistent asthma; and food allergies that can present 

with life-threatening anaphylaxis or alternatively as eosinophilic esophagitis. Patients often 

have elevated serum IgE, leading to a diagnosis of hyper-IgE syndrome. Overall, allergic 

disease is more prominent in DOCK8 deficiency than in most other CIDs.

DOCK8 expression is largely restricted to the immune system, and hematopoietic stem 

cell transplantation (HSCT) cures the infection susceptibility that is otherwise the major 

cause of death in DOCK8-deficient patients. Without such treatment, the natural history is 

death in over half of patients by the end of their second decade and increased morbidity in 

those surviving [5]. HSCT also cures atopic dermatitis and normalizes total serum IgE, but 

whether HSCT cures all manifestations of allergic disease is unclear. Despite encouraging 

post-HSCT improvements in allergen-specific IgE reactivity including skin prick testing, 

clinical food allergies did not fully resolve in all patients in up to a 3- or even 8- year 

windows after HSCT [6-8]. It remains to be seen whether longer follow up post-HSCT will 

demonstrate eventual resolution of food allergies in these patients.

Interestingly, in a large proportion of patients, somatic repair of the DOCK8 genetic 

defect can spontaneously occur, leading to re-expression of DOCK8 protein and slowing 

the development of disease [9]. Somatic repair was associated with decreased total atopic 

burden, but no statistically significant differences were seen when this was broken down for 

different clinical allergic manifestations (Figure 1) [9]. In a few patients, somatic repair has 

even been reported to resolve overall clinical disease severity over time, with the caveat that 

the clinical scoring scale used disproportionately reflects infectious manifestations [10]. It 

was unreported whether clinical allergic disease manifestations, besides laboratory markers 

of allergy, resolved. The divergent outcomes probably depend upon extent of correction 

across different lymphocyte subsets, which can reflect whether correction occurred early 

during lymphocyte development. It should be noted that most regimens for HSCT involve 

reduced intensity conditioning, which are not fully myeloablative; similarly, somatic repair 

is only rarely observed in myeloid as compared with lymphoid cells. Thus, although a role 

for DOCK8-deficient myeloid cells cannot be completely excluded, the results generally 

suggest that the allergic disease primarily is driven by DOCK8-deficient lymphocytes.

Mechanisms of allergic disease in DOCK8 deficiency

Atopic disease in DOCK8 deficiency encompasses a spectrum of phenotypes. Immediate 

type I hypersensitivity reactions underlie classical IgE-mediated food allergen-induced 

anaphylaxis and environmental aeroallergen-triggered allergic rhinoconjunctivitis or 

allergic asthma. When combined with more delayed, non-IgE-mediated allergen-induced 

inflammation or other factors such as disrupted epithelial barriers and microbial 

colonization, the IgE-mediated mechanisms can evolve into other presentations such as 

eosinophilic esophagitis or chronic atopic dermatitis. Compared to Job syndrome – which 

is the prototypical hyper-IgE syndrome caused by STAT3 dominant negative mutations and 

has a higher prevalence and severity of some forms of allergic disease compared to the 

general population – multiple allergic phenotypes and food allergies are more prevalent and 

more severe in DOCK8 deficiency [11]. The dichotomy between high serum IgE and lesser 

extent of clinical allergic disease in Job syndrome has been attributed to decreased vascular 
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permeability [12] and impaired FcεR1-mediated signaling and degranulation of mast cells 

[13], although low levels of specific IgE antibodies may also contribute to the decreased 

reactivity [11]. Although based upon limited numbers of patients, ZNF341 deficiency, which 

results in loss of downstream STAT3 transcriptional activity, also features non-eczematous 

allergic disease that seems less prevalent and less severe than that seen in DOCK8 

deficiency, while other hyper-IgE syndromes that impair STAT3 signaling downstream of 

IL-6 receptor/OSM130 seem to have milder or absent allergic disease [14]. Together, clinical 

observations in the different hyper-IgE patient groups suggest that the more prominent 

allergic disease in DOCK8 deficiency likely results from non-STAT3-mediated mechanisms, 

in addition to STAT3-mediated mechanisms (Table 1, and elaborated further below).

STAT3 activation can be caused by stimulation of the B cell receptor, TLR9, and various 

cytokine receptors (such as for IL-21, IL-6, and IL-10). Several studies have previously 

reported mechanistic connections between DOCK8 and STAT3. In B cells from DOCK8-

deficient patients, TLR9-induced (via the TLR9 agonist CpG) phosphorylation of STAT3 is 

impaired, but IL-21- (or IL-6-) induced phosphorylation of STAT3 proceeds normally [15]. 

Furthermore, isotype switching to IgE can be induced in vitro upon CD40 cross-linking 

in the presence of IL-4. In healthy donor B cells, this process can be suppressed by 

stimulating in the presence of either the TLR9 agonist CpG) or IL-21 [16]. However, in 

B cells from either DOCK8- or STAT3- deficient patients, CpG is unable to suppress CD40/

IL-4 stimulated IgE isotype switching, although the effect on CD40/IL-21 stimulated IgE 

isotype switching was not similarly tested [17]. Thus, STAT3-relevant pathways required for 

IgE production include those stimulated by IL-21 and IL-6, but probably not TLR9. Overall, 

these results indicate that this selective defect in B cell signaling may contribute to but is 

unlikely to completely account for the increased IgE in DOCK8 deficiency.

Additionally, a mechanistic connection between DOCK8 and STAT3 has been reported in 

T cells. T cells from DOCK8-deficient patients have impaired phosphorylation of STAT3 

at between 15 to ~60 minutes of stimulation with either IL-6 or IL-21 [18]. Furthermore, 

DOCK8 physically associates with STAT3 to promote STAT3 activity, suggesting a model 

whereby DOCK8 functions to amplify STAT3 responses [18]. This STAT3-related defect has 

been proposed to contribute to the defective TH17 differentiation intrinsic to naïve patient 

T cells [18]. How such a defect might contribute to allergy-promoting increased production 

of certain cytokines (IL-4, IL-5, IL-13) observed in DOCK8-deficient T cells (but normal 

TH2 differentiation in vitro) is unclear [1,18-20]. By contrast, STAT3-deficient patients have 

decreased numbers of memory CD4+ CD45RA− T cells, which produce more IL-13 and 

IL-5, but not IL-4 [21], and their total CD4+ T cells also produce normal amounts of IL-5 

and IL-4 [11,22-24]. Thus, this dichotomy in the range of TH2 type cytokines produced 

by DOCK8-deficient versus STAT3-deficient patients suggests that the loss of DOCK8 can 

promote production of allergic-type cytokines independently from its effects on STAT3.

An alternative explanation for how absence of DOCK8 might promote production of TH2 

type cytokines reflects DOCK8’s role in regulating cytoskeletal rearrangements through its 

ability to activate CDC42. Normal immunological synapse formation requires cytoskeletal 

rearrangements during conjugate formation of T or B cells with antigen presenting cells. 

However, DOCK8-deficient T cells (or B cells) exhibit poor immunological synapse 
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formation, thereby compromising their ability to sustain signaling for optimal activation 

after antigen receptor stimulation [25,26]. Since decreased T cell receptor (TCR) signal 

strength favors TH2 over TH1 cell polarization through various mechanisms [27], the 

defective immunological synapses in DOCK8-deficient T cells could thereby lead to similar 

downstream effects on cytokine production. Disrupted immunological synapse formation in 

DOCK8-deficient Treg cells might also compromise their ability to suppress effector T cells 

(including TH2 cells), although different reports testing the suppressive activity of DOCK8-

deficient Treg cells have yielded conflicting results [28-32]. Since DOCK8-deficient patients 

rarely have overt autoimmune disease despite their having detectable autoantibodies, a 

defect affecting Treg cells would be expected to be milder than what is seen for classical 

Treg-opathies and would also have to account for a preferential impact on allergy-promoting 

T effector cells.

More recently, DOCK8-deficient patients and mice were discovered to have increased 

numbers of a new and rare T cell subtype distinct from TH2 cells [28**]. These TFH13 

cells express high levels of IL-13, IL-4, and IL-5 but low levels of IL-21. Moreover, they 

express the BCL6 and GATA3 transcription factors characteristic of TFH cells, unlike TH2 

cells which characteristically express GATA3 but not BCL6. TFH13 cells are also increased 

in DOCK8-sufficient peanut-allergic or aeroallergen-sensitized individuals or in Dock8-

deficient mouse models of allergy. These conditions reflect high affinity allergen-specific 

IgE responsible for mast cell degranulation and anaphylactic reactions. By contrast, TFH13 

cells are not seen in helminthic infections that are associated with low affinity IgE and 

increased IL-4 but not IL-13 production. Since mice in which TFH13 cells were selectively 

deleted lose high-affinity IgE while maintaining elevated total IgE, this dichotomy suggests 

that levels of TFH13 cells are the more relevant biomarker for clinical allergy. How loss of 

DOCK8 results in the differentiation and/or expansion of TFH13 cells and whether TFH13 

cells are abnormal in the other hyper-IgE syndromes that impact STAT3 signaling but 

show less severe clinical allergy are unknown. It should be noted that in contrast to results 

from a different immunization regimen [33], this study showed high levels of total IgE in 

mice in which Dock8 was selectively deleted in T cells but not in mice in which Dock8 

was constitutively deleted, suggesting that the increased allergy was intrinsic to the TFH13 

cells. However, in another study mice completely lacking Dock8 developed elevated IL-4, 

IL-15, and IL-13 following infection with Cryptococcus neoformans, influenza virus, or 

immunization with OVA peptide in complete Freund’s adjuvant, although not to helminth 

infection [34**]. As DOCK8-deficient humans encounter many microbes and infrequently 

exhibit somatic repair in their non-T cells, this suggests that their defects in non-T cells 

might nevertheless contribute to allergic-type responses.

With regard to this last point, how the DOCK8 defect affecting cytoskeletal rearrangements 

could regulate allergic-type cytokine production has recently been delineated in a complex 

series of steps (Figure 2). DOCK8 regulates lymphocyte shape integrity, which is important 

during migration in dense environments such as the skin [35]. Loss of DOCK8 results in 

cytothripsis (“cell shattering”), a form of cell death triggered by cell migration through 

these tissues, which compromises lymphocyte effector functions, resulting in poor control 

of virus skin infections. Dock8-deficient mononuclear phagocytes also undergo cytothripsis, 

but more readily in less dense tissue microenvironments than T cells [34**]. Their cell 
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death releases IL-1β, which promotes GM-CSF production by CD4+ T cells and amplifies 

the downstream T cell cytokine response. Cytothripsis, IL-1β, and GM-CSF contribute 

to the increased IL-4, IL-5, and IL-13. Whether this regulatory axis specifically affects 

TFH13 vs. TH2 cells has yet to be clarified, as well as a potential role for STAT3 in any 

of these step(s). Furthermore, if this mechanism holds in humans, targeting IL-1 might 

ameliorate development of allergic disease in DOCK8-deficient individuals. Additionally, 

other conditions, such as autoinflammatory disorders with increased IL-1β production or 

pulmonary alveolar proteinosis with neutralizing anti-GM-CSF antibodies, might also affect 

development of allergic disease.

Finally, Dock8-deficient mice have recently been reported as having increased numbers 

of type 2 innate lymphoid cells (ILC2) producing IL-5 and IL-13, as well as increased 

numbers of TH2 cells, eosinophils, and mast cells in the lamina propria of the small intestine 

[36*]. The ILC2 were approximately 5-fold more numerous than TH2 cells, suggesting their 

increase locally in the gut might contribute to the heightened food allergies. Furthermore, 

their presence was found to depend upon DOCK8 expression in hematopoietic cells as 

well as DOCK8’s ability to promote CDC42 activation. As DOCK8-deficient patients have 

decreased numbers of ILC2 in peripheral blood [37], the different numbers between mice 

and humans might reflect altered cell migration. Examining this cell type in other tissue 

compartments, as well as their sensitivity to conditioning regimens used in DOCK8 HSCT, 

would be highly informative.

Conclusions

DOCK8 deficiency is a monogenic infection susceptibility disorder that is less recognized 

as also a being bona fide monogenic allergic susceptibility disorder. Recent studies have 

provided new insights into the regulation of allergic responses and have raised interesting 

questions for future research. Foremost among these is the potential role of TFH13 cells in 

allergic manifestations in other inborn errors of immunity such as actinopathies including 

the Wiskott-Aldrich syndrome, whether they are regulated by STAT3, and how maintenance 

of lymphocyte integrity in TFH13 might also influence clinical allergy.
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Highlights:

• DOCK8 deficiency features infection susceptibility and monogenic allergy.

• TFH13 cell numbers are increased in DOCK8 deficiency and drive 

anaphylaxis.

• Cytothripsis, IL-1β, and GM-CSF increase IL-4, IL-5, and IL-13 production.

• ILC2 as well as TH2 cells are increased in the gastrointestinal tract.

• How STAT3 drives clinical allergy needs additional investigations.
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Figure 1. 
Disease burden of allergic disease is decreased in DOCK8-deficient patients having somatic 

repair (n=17), as compared to unrepaired DOCK8-deficient patients (n=12). Data were from 

[6] (Table E1) showing scores for allergic disease at time of analysis. Eczema was scored at 

worse stage as 0=absent, 1=mild, 2=moderate, 3=persistent. Asthma was scored as 0=absent, 

1=present. Food allergy was scored as 0=absent, 1=present, 2=present with anaphylaxis. 

Eosinophilic GI disease was scored as 0=absent, 1=esophagitis, 3=GI (gastrointestinal) tract 

beyond esophagus. Since allergic disease presents early in life in DOCK8-deficient patients, 

no score adjustment for young ages was performed. *p=0.0254 by Mann-Whitney U-test; ns, 

not significant.
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Figure 2. 
Cytothripsis promotes allergic type cytokine production in DOCK8 deficiency. As shown in 

[34], loss of Dock8 in mice results in cytothripsis of mononuclear phagocytes as they travel 

through certain tissues. The cell death activates caspases, which process pro-IL-1β into its 

mature form that is released from the dying cell. IL-1β stimulates CD4+ T cells to increase 

their production of GM-CSF, which in turn feeds back to increase pro-IL-1β expression 

for amplification of cytokine responses. Caspases, IL-1β, and GM-CSF are required for the 

resulting increased production of IL-4, IL-5, and IL-13 to predispose to allergy. Created with 

Biorender.com.

Su Page 10

Curr Opin Immunol. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://Biorender.com


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Su Page 11

Table 1.

Mechanisms accounting for the increased prevalence and severity of allergy in DOCK8 deficiency

• Impaired ability to activate STAT3 during TLR9 stimulation for inhibition of IgE isotype switching

• Defective immune synapse formation decreasing TCR signal strength, thereby favoring TH2 polarization

• Increased TFH13 cells promoting high affinity allergen-specific IgE for mast cell degranulation

• Cytothripsis of migrating mononuclear phagocytes with IL-1β secretion causing GM-CSF production by T cells, which in turn 
amplifies overall T cell production of IL-4, IL-5, and IL-13

• Increased ILC2 cells in the gastrointestinal tract through DOCK8’s ability to promote CDC42 activity.
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