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Abstract

Since the discovery of the genetic basis of DOCK8 immunodeficiency syndrome (DIDS) in 2009, 

several hundred patients worldwide have been reported, validating and extending the initial 

clinical descriptions. Importantly, the beneficial role of hematopoietic stem cell transplantation for 

this disease has emerged, providing impetus for improved diagnosis. Additionally, several groups 

have further elucidated the biological functions of DOCK8 in the immune system that help explain 

disease pathogenesis. Here, we summarize these recent developments.
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 Introduction

With the completion of the Human Genome Project and the adoption of newer genomic 

technologies such as comparative genomic hybridization and whole exome sequencing to 

complement linkage and homozygosity mapping, the pace of discovery of new genetic 

defects underlying human primary immunodeficiency diseases (PID) has rapidly accelerated 

to encompass ~230 disorders (1, 2). As part of this trend, in 2009 we and others discovered 

autosomal recessive loss-of-function mutations of the gene DOCK8 in cohorts of autosomal 

recessive Hyper-IgE Syndrome (HIES) patients (3, 4). This discovery established DOCK8 

immunodeficiency syndrome (DIDS) as a clinical entity distinct from autosomal dominant 

HIES caused by dominant negative STAT3 mutations, or from other immunodeficiencies 

sometimes expressing elevated serum IgE such as Tyrosine Kinase (TYK2) deficiency 

(which was initially considered an autosomal recessive HIES). This distinction has been key 

to better understanding of the diverse and complex clinical phenotype of the disease, as 

reflected through its natural history with or without hematopoietic stem cell transplantation 
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(HCST) or other therapy. This distinction has also led to the development of improved 

diagnostic tools, and has revealed several unusual mechanisms contributing to disease.

Since the original reports, over 170 cases of DIDS have been published worldwide, which is 

a likely underestimate. In this review, we will build upon previous published reviews (5, 6) 

to paint a more complex and nuanced picture of this disease based upon accumulating data, 

which we hope to be useful to the practicing clinical immunologist and the PID researcher. 

We will begin by summarizing recent updates about the genetics of this disease and its 

implications for diagnosis, clinical outcome and unusual features of disease, followed by 

recently elucidated disease mechanisms and future areas of research.

 Genetics: Loss-of-function mutations in DOCK8

DIDS is caused by autosomal recessive loss-of-function mutations in the DOCK8 gene. 

These mutations universally lead to loss of DOCK8 protein expression, which is normally 

restricted to the immune system. Most DOCK8 mutations involve large deletions in the gene 

that are unique to each family. In over half of the families we study, a large deletion on one 

or both DOCK8 alleles is observed. For a PID, this is an unusual characteristic that reflects 

recombination occurring between repetitive DNA sequence elements over a large stretch of 

the DOCK8 locus near the telomere. A deletion on one allele can be accompanied by the 

same deletion on the other allele (homozygous deletion), a different deletion on the other 

allele (compound heterozygous deletions), or a different type of mutation on the other allele. 

Consequently, sequencing results can sometimes be difficult to interpret (Figure 1). For 

example, two non-overlapping large deletions can give rise to an apparently normal Sanger 

sequencing result. Upon closer inspection, occasionally the regions coinciding with the 

heterozygous large deletion(s) show loss of heterozygosity when the patient's single 

nucleotide polymorphisms (SNP) in these regions are compared to those of both parents. 

However, informative SNP and parental DNA samples are not always available for every 

patient. Next generation sequencing can also suggest a deletion but this interpretation 

requires comparing the actual sequence coverage for a patient to expected coverage over 

regions of the DOCK8 gene. Identifying large deletions is more definitively performed by 

using comparative genomic hybridization arrays or multiplex ligation-dependent probe 

amplification assays (3, 7), both of which are now commercially available for DOCK8.

Loss-of-function mutations in DOCK8 immunodeficient patients are also caused by point 

mutations and small indels that cause splicing alterations, as well as nonsense mutations or 

frameshift alterations that cause nonsense-mediated decay predominantly. In contrast, 

promoter mutations leading to loss of DOCK8 expression have not been identified. DOCK8 

has two conserved protein domains including a DOCK Homology Region (DHR)2 domain 

that mediates guanine-nucleotide exchange factor activity. Theoretically, small in-frame 

indel or missense mutations within either of these conserved domains could disrupt the 

function of DOCK8 without affecting its expression. However, this situation has not yet 

been reported in a patient. In the one patient who has a homozygous missense mutation 

(NP_0011800465.1: p.Cys1447Arg), such a mutation was protein-destabilizing (8). Thus, it 

seems that loss-of-function mutations that simultaneously preserve DOCK8 expression are 

likely to be extremely rare.
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 Somatic reversions complicate DIDS

In a surprising twist complicating the genetics of this disease, we found that over half of 

DIDS patients in the NIH cohort have somatic reversions that partially restore DOCK8 

expression (9). This has subsequently also been observed by other centers (10). Somatic 

reversions have been reported in several PID, especially the Wiskott-Aldrich syndrome 

where it occurs in up to 11% of patients (11). However, the much higher proportion of DIDS 

patients with somatic reversions reflects DOCK8's location in a recombination hotspot. This 

characteristic explains not only why so many large germline deletions arise but also why 

somatic reversion occurs so often in DIDS. Recombination can create a healthy DOCK8 
allele by stitching together the good parts from both alleles (intragenic single crossover), or 

by copying the good part from one allele over the corresponding bad part of the other allele 

(gene conversion) (Figure 2a). Occasionally, a single nucleotide change at the original 

mutation site or at a compensatory second site abolishes the point mutation or small indel, 

creating a new sequence code that is in frame. The end result is a reverted cell expressing 

one healthy DOCK8 allele. However, none of these processes can happen when there are 

large homozygous deletions or overlapping large heterozygous deletions.

Somatic reversion in PID can be detected when the wild-type allele confers a survival or 

growth advantage to mutant cells, leading to expansion of those cells. Somatic reversion 

occurs to a variable degree in DIDS, primarily in T cells and NK cells. Nevertheless, 

because somatic reversion only occurs in a small proportion of blood cells overall, the 

genomic DNA obtained from such a patient represents a mixture of normal alleles and 

defective alleles. When mutational analysis is performed using this genomic DNA, if there is 

a high level of reversion the reverted DNA can make it seem that the patient has a 

heterozygous mutation only, similar to what is seen in a healthy carrier (Figure 2b). In this 

way, somatic reversion has the potential to further obscure and delay a genetic diagnosis. 

However, since somatic reversion in DIDS has not been detected in neutrophils, this 

potentially confounding factor can be removed from consideration by performing germline 

mutational analysis on genomic DNA from either purified neutrophils or fibroblasts.

Clarification as to whether somatic reversion is occurring can be provided by intracellular 

flow cytometric analysis of DOCK8 protein expression in single cells (9). The flow 

cytometric assay requires a small amount of blood and can be completed in several hours, 

making it also suitable for rapid clinical screening and diagnosis (9, 12). Either fresh or 

previously cryopreserved peripheral blood mononuclear cells (PBMC) can be used in this 

assay. Somatic reverted cells express low levels of DOCK8 protein comparable to that seen 

in cells from healthy carriers. When both DOCK8-deficient and reverted cells are present in 

the same sample, a double peak in the histogram can be observed (Figure 2c). However, due 

to the low signal to noise ratio in this assay, a true DOCK8-deficient control might need to 

be included when the assay is initially set up. As somatic reversion often occurs in a small 

proportion of T and NK cells, appropriate surface staining is essential to differentiate 

lymphocyte subsets and maximize detection efficiency. A well-tested combination of surface 

markers to delineate DOCK8 expression in these subsets contains CD3, CD19, CD56, 

CD45RA, and CCR7. Given its many advantages, this method should supplant 

immunoblotting except in the rare case where loss of DOCK8 function without loss of 
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DOCK8 expression is suspected. The latter case is unlikely to occur given the large size of 

DOCK8 gene (47 exons), since nearly all mutations that introduce a premature truncation 

would result in nonsense-mediated decay with loss of DOCK8 expression, rather than a 

truncated protein that could only be detected up by immunoblotting.

 Clinical progression of disease and its treatment

The initial clinical description of DIDS was that of a combined immunodeficiency 

characterized by recurrent infections, severe allergic disease, and predisposition to cancers, 

with disease disproportionately involving the skin (3, 4). Since then, an estimated 200 or 

more mutation-positive patients (published and unpublished) have been identified 

worldwide, with multiple reports confirming and adding to the original characterization of 

this disease (8, 13-17). Cumulatively, these data establish that patients can be afflicted with a 

wide spectrum of microbes beyond the Staphylococcus aureus and herpes simplex virus, 

human papillomavirus, and molluscum contagiosum skin infections that predominate, 

leading to rarer presentations such as sclerosing cholangitis; that candidal infections are 

common but mild; and that chronic Epstein-Barr virus besides poorly controlled human 

papillomavirus infections likely contribute to the increased lymphoma and skin cancer risk. 

Additionally, these data also reinforce the observations that autoimmunity including 

autoimmune hemolytic anemia, lupus, and cerebral vasculitis are serious but rare 

complications (18); that vasculopathy can involve other large vessels outside the central 

nervous system (19, 20); and that connective tissue, dental, and skeletal abnormalities are 

features primarily of autosomal dominant STAT3-mutant hyper-IgE syndrome rather than 

DIDS.

A long-awaited, retrospective survey from multiple international centers of 136 DIDS 

patients was recently published, detailing the natural history of this disease including its 

outcome (13). Half of the patients were dead by age 20 years, usually because of infection or 

cancer, and most patients had at least one life-threatening complication by age 25. Of note, 

the high morbidity and mortality occurred despite treating some patients with prophylactic 

antimicrobials, replacement immunoglobulin G, or IFN-α. The last was reported as helpful 

for some cases of severely incapacitating herpes simplex virus or warts (21-23). However, all 

of these modalities seem to have partial efficacy or have been limited by side effects when 

they have been used in a larger number of DIDS patients, making them more suitable as 

adjunctive therapy (13). In contrast, the only form of definitive therapy, borne out through 

the experience of multiple centers, has been hematopoietic stem cell transplantation (HSCT) 

(24-31). HSCT for DIDS has been successfully performed using reduced intensity 

myeloablative conditioning regimens with matched related or matched unrelated allogeneic 

donor cells (24-26, 29, 30). In one case, engraftment of matched related allogeneic donor 

cells, sufficient for development of severe GVHD, occurred even without any conditioning, 

emphasizing the intrinsic survival advantage of DOCK8-expressing cells (32). More 

recently, haploidentical donor cell engraftment was successful in a patient following TCRαβ/

CD19 cell depletion (31). If confirmed in additional patients, this approach could potentially 

expand the number of patients who otherwise would not be considered HSCT candidates 

due to lack of a fully HLA-matched donor. Analysis of survival outcomes with HSCT have 

yet to be published but are in progress (13).
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Because it cures infection susceptibility, which is the main cause of early death, HSCT is 

now considered standard of care for DIDS when an appropriate donor is available. HSCT 

also cures the eczematous dermatitis, as well as food allergies in some but not all patients 

(26-29, 33, 34). Whether HSCT also cures the autoimmune complications and reduces the 

risk of cancers are as yet undetermined. It is important to identify DIDS patients at a young 

age so that they can receive definitive treatment before non-reversible parenchymal organ 

damage from infections and other serious complications arise. While the disease is easily 

recognized when patients have developed widespread and difficult to treat viral skin 

infections in late childhood or early adolescence, as infants and toddlers, patients might only 

have atopic dermatitis, recurrent otitis media, and few pneumonias. Most frighteningly, 

patients can be seemingly “healthy” before suddenly developing cancers or cerebrovascular 

complications (19). Although several algorithms have been proposed to help clinicians 

distinguish DIDS from other conditions, they are of limited utility at an early stage of 

disease (14, 35). Laboratory screening for lymphopenia, decreased serum IgM levels, and 

selective decreases in CD4 T cells, naïve CD8 T cells, and memory B cells, may help to flag 

DIDS patients from severely atopic patients (36). An elevated serum IgE may also be helpful 

but its absence does not rule out DIDS. The development of a rapid flow cytometry-based 

assay to detect DOCK8-deficient cells is a major step in lowering barriers to definitive 

testing for this disease.

As discussed above, somatic reversion frequently occurs in DIDS, raising the question 

whether this self-correction alters the natural history of disease. We have found that patients 

with somatic reversion tend to be older before they either die or require HSCT for worsening 

disease (9). They have some measures of improved disease, but not enough to effect cure. 

This can be explained by spontaneous corrections in T cells occurring only in a limited 

repertoire of T cells, in contrast to HSCT which corrects the full T cell repertoire. Thus, 

although patients might have repaired T cells able to respond well to one virus, they might 

not have repaired T cells that can respond well to other viruses. Interestingly, patients from 

regions of the world having a high level of consanguinity (and hence increased likelihood of 

large homozygous deletions incapable of somatic reversion) seem to have more severe 

systemic disease manifestations and die younger than patients from outbred populations. 

Thus, knowing the exact mutations for any given patient facilitates predictions of likely 

disease severity and progression.

 Disease mechanisms

DOCK8 is an atypical guanine nucleotide exchange factor (GEF) that activates CDC42 in 

immune cells to influence their functioning. Research into DIDS has revealed multiple 

pathogenic mechanisms whereby loss of DOCK8 contributes to the complex disease 

phenotype seen in humans. Results from earlier studies, summarized in previous reviews (5, 

6), showed that patients had T cell and NK cell lymphopenia and fewer memory CD8 T 

cells, and that decreased T cell production of the antiviral cytokines IFN-γ and TNF-α could 

contribute to virus susceptibility, decreased TH17 cells to fungal susceptibility, TH2 skewing 

to severe atopy, and defective antibody maturation responses to recurrent sinopulmonary 

infections. More recent research findings, which we describe below, have deepened our 
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understanding of disease mechanisms and have led to interesting new concepts into how 

DOCK8 normally regulates the immune system, which we describe below.

 1. DIDS is the first disease caused by tissue-resident memory T cells (TRM) deficiency

Although patients having other combined immunodeficiencies can develop atopic dermatitis 

and virus skin infections, the skin disease in DIDS is more extreme in the range of 

pathogens, severity and recurrence rate, and disproportionate involvement compared to other 

tissues (17). Similar to DIDS patients, Dock8-deficient mice also have worse disease with 

higher virus replication when infected in the skin with herpes simplex virus (37, 38). Thus, 

we consider this to be the signature of DIDS. Multiple studies have shown various ways by 

which loss of DOCK8 could worsen virus infections, such as decreased production of 

antiviral cytokines by T cells and dendritic cells (3, 23), decreased NK cell cytotoxicity (39, 

40), impaired dendritic cell migration for priming of T cell responses in the lymph nodes 

(41), and decreased survival of memory CD8 T cells (42, 43). However, these mechanisms 

do not clearly explain why virus infections targeting the skin predominate over systemic 

virus infections. We have recently discovered that this distinctive feature can be explained by 

a selective survival defect of DOCK8-deficient T cells and NK cells as they migrate within 

the skin, while their short-term chemotaxis remains intact (37, 43). DOCK8 is crucial for 

maintaining cell shape integrity when lymphocytes move through the highly confined spaces 

that are characteristic of skin but not in other tissues (Figure 3a). DOCK8 normally controls 

lymphocyte shape integrity by activating CDC42 and p21-activated kinase (PAK1/2), to 

coordinate cytoskeletal structures both spatially and temporally during cell locomotion. 

Without DOCK8, lymphocytes in the skin are subjected to physical stresses that distort their 

morphology and tear the cells apart, in a process we call cytothripsis for “cell shattering.” 

Tissue-resident memory CD8 T cells (TRM), which do not recirculate through the lymphatics 

and blood but instead reside indefinitely within the skin, are particularly susceptible to 

cytothripsis. These cells constantly move within the epidermis, where their function is to 

respond rapidly when latent viruses re-emerge or when or reinfection occurs. Thus, the loss 

of these particular cells results in impaired local antiviral immunity within the skin.

Besides being found in the skin, TRM with slightly different surface markers and TCR 

repertoires reflecting different pathogen or antigen specificities can also be found within 

other tissues, such as the respiratory and gastrointestinal tracts (44). These other mucosal 

surfaces are composed of substantially less collagen than the skin, resulting in a less 

extensive network of confined spaces as compared to skin. However, the possibility exists 

that TRM migrating for longer times within these non-skin sites could eventually undergo a 

low level of cytothripsis. This might contribute to the recurrent sinopulmonary and 

occasional gastrointestinal infections seen in DIDS, but still needs to be tested. Regardless, 

our study and those of others have recently highlighted the dichotomy between peripheral 

blood lymphocytes and tissue lymphocytes (37, 45, 46). In humans, “representative” blood 

samples are often used to evaluate immunity. For example, T cell lymphopenia measured in 

the blood is typically assumed to reflect decreased T cell counts throughout the body. 

However, peripheral blood contains a very small proportion of total T cells, with up to 98% 

of memory T cells actually located in non-lymphoid tissues, making accurate extrapolations 

about memory T cell numbers, phenotypes, and functions difficult. Thus, as illustrated in 
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DIDS, a closer examination of regional immunity in other PID displaying disproportionate 

involvement of different organ systems might reveal additional gene defects targeting TRM 

in different tissues.

 2. DOCK8 is critical for the development, survival, and functions of multiple immune cell 
types

Besides causing not only an exaggerated cell death of migrating lymphocytes in the skin, the 

absence of DOCK8 also compromises the survival of multiple lymphoid cell types elsewhere 

in the blood, secondary lymphoid organs, and other non-lymphoid tissues such as liver and 

gastrointestinal tract. Cell types affected include natural killer T cells (NKT) and memory 

CD8 T cells in both mice and humans, as well as type 3 innate lymphoid cells (ILC3) in 

mice (42, 43, 47, 48). The mechanism(s) by which impaired development and survival of 

these cell types occur remain unclear, but seems to reflect increased apoptosis, sometimes 

associated with decreased expression of the prosurvival factor Bcl-2, and is possibly related 

to impaired trafficking or localization to access survival signals in vivo (42, 43, 47). 

Proliferation is also sometimes decreased depending upon the experimental conditions, with 

impaired proliferation seen in chronically stimulated human T cells within peripheral blood 

mononuclear cell populations, as reflected by the expansion of replicatively senescent T 

effector memory CD45RA+ (T
EMRA) cells, but normal proliferation of mouse T cells (42, 

43, 47). In Dock8-deficient mice, NKT cells have reduced proliferative responses to the 

prototypic glycolipid antigen α-galactosylceramide with decreased production of IFN-γ and 

TNF-α, which could contribute to increased virus susceptibility and cancer predisposition 

(47). Furthermore, the decreased numbers of ILC3 in turn decreases production of IL-22, 

thereby partly impairing protective responses against enteric pathogens such as Citrobacter 
rodentium (48). Decreased numbers and suppressive functions of regulatory T cells (Treg) 

have also been reported in some patients, although not observed in mouse models (49, 50). 

The Treg defects could contribute to the increased autoreactive naïve B cells in patients 

reflecting compromised peripheral B cell tolerance and leading to increased risk of 

autoimmunity in some (49). DIDS patients have fewer memory B cells, including marginal 

zone-like cells that are also lacking in the mice (24, 48, 50, 51). The reason for their failed 

development is unknown, but in the natural infectious environment DIDS patients can have 

grossly normal-appearing lymphoid follicles with germinal centers (52).

Whether absence of DOCK8 affects the development and survival of myeloid cells has not 

been as carefully examined. Although numbers of peripheral blood neutrophils and 

monocytes in DIDS patients are normal, numbers of plasmacytoid dendritic cells are fewer, 

resulting in impaired antiviral IFN-α production in response to CpG DNA (21). Moreover, 

through their failure to activate Cdc42, Dock8-deficient mouse dendritic cells are 

compromised in their ability to migrate in 3-dimensional collagen matrices (41, 53). The 

dendritic cells become round and non-motile, differently from T cells and NK cells which 

develop an abnormally elongated morphology leading to cell death. In vivo, the abnormal 

dendritic cell morphology manifests not only as decreased trafficking into the dermis, but 

also decreased trafficking to the draining lymph nodes, which globally impairs priming of T 

cell responses. Additionally, increased numbers of eosinophils and basophils are observed in 

DIDS patients (54), presumed secondary to the increased TH2 skewing. However, further 
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study of numbers and functions of these myeloid cell types in the tissues is needed to 

determine whether they could also be affected by a trafficking defect when DOCK8 is 

absent.

Finally, by regulating the rearrangement of cytoskeletal structures, DOCK8 can regulate the 

formation of the immunological synapse, which is necessary for normal cytolytic function in 

lymphocytes. Granule polarization and immunological synapse formation can be 

compromised in DOCK8-deficient NK cells, resulting in partially impaired target cell killing 

(39, 40). However, in contrast to NK cells, cytolytic function can be normal despite an 

abnormal immunological synapse in DOCK8-deficient CD8 T cells (3, 42, 55). One caveat 

of these studies is that impaired cytotoxicity may reflect the poor viability of these effector 

cells when not used immediately for functional studies after collection from DIDS patients, 

and that the defective cytotoxicity might be overcome depending upon how the effector 

lymphocytes were initially stimulated. An abnormal immunological synapse is also observed 

in Dock8-deficient B cells, which might contribute to the defective germinal center 

responses during affinity maturation of antibody responses observed in mice (51). However, 

in DIDS patients, functional antibody abnormalities do not consistently occur and germinal 

centers with marginal zones can be seen (3, 52), also suggesting that an abnormal 

immunological synapse may modulate but not completely interfere with downstream 

immune functions when DOCK8 is absent in lymphocytes.

In summary, multiple defects together could contribute to the infection susceptibility to a 

wide spectrum of pathogens and other immune manifestations in the patients. A major goal 

will be to understand how DOCK8 regulates these seemingly disparate processes at the 

molecular level; this should shed light into the role of the cytoskeleton in different immune 

cell types.

 3. Biochemical functions of DOCK8

The phenotypic overlap between DIDS and the Wiskott-Aldrich syndrome, which both share 

atopic dermatitis, virus skin infections, and immunodeficiency, raises the possibility that 

DOCK8 functions in the same pathway as the Wiskott-Aldrich syndrome protein (WASp) in 

regulating cytoskeletal structures. DOCK8 activates CDC42, which when overexpressed 

results in filamentous (F-) actin where lamellipodia form, and WASp is a CDC42 effector 

that also induces F-actin polymerization (56). In T cells, B cells, and NK cells, absence of 

DOCK8 results in abnormalities in F-actin polymerization at the immunological synapse 

(39, 40, 42, 51) (Figure 3b). At least during NK cell cytolysis, DOCK8 also regulates 

microtubule polarization through its interaction via Hook-related protein 3 (HkRNP3) with 

microtubules and the dynein motor complex (57). During interstitial migration, absence of 

DOCK8, or of downstream CDC42 or PAK1/2, also leads to abnormalities in F-actin and 

microtubule structures concurrent with lymphocyte deformation (37). However, during such 

migration, DOCK8 functions through other effectors besides WASp, because absence of 

WASp is unable to recapitulate the loss of lymphocyte shape integrity. Different biological 

processes, i.e., immunological synapse formation, cell migration, and cell division, probably 

reflect different temporal and spatial requirements for rearranging cytoskeletal structures. 

Since different members of the small Rho family GTPases are known to exhibit cross-talk to 
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regulate downstream cytoskeletal proteins, these are likely to be triggered differentially 

following initial activation of CDC42. Identifying other intermediate effectors besides 

WASp should help molecularly define the diverging signaling pathways regulated by 

DOCK8 that control cell shape processes in immune cells.

Additionally, the phenotypic overlap between hyper-IgE syndrome caused by dominant 

negative STAT3 mutations and DIDS raises the possibility that DOCK8 functions upstream 

in the same signaling pathway. As DOCK8 expression is restricted to the immune system, 

this might also account for why extraimmune manifestations of disease (except for those 

secondary to defective immunity) are lacking in DIDS. Supporting this hypothesis, DOCK8-

deficient B cells fail to activate STAT3 when stimulated through Toll-like Receptor 9 

(TLR9), resulting in impaired B cell proliferation and immunoglobulin production (58). In 

normal B cells, TLR9 stimulation stabilizes a pre-existing complex of DOCK8 with MyD88 

and Pyk2, which promotes Pyk2 phosphorylation of DOCK8, Src kinase activation, and Syk 

activation, leading to STAT3 activation. Interruption of this signaling cascade might explain 

why absence of DOCK8 results in lack of marginal zone or marginal zone-like B cells, 

which express high levels of TLRs and have a greater dependency on TLR signaling for 

survival. Additionally, if DOCK8 is upstream of STAT3, absence of DOCK8 could impair 

STAT3 activation that is required for IL-17 production, thereby contributing to the decreased 

TH17 cells, although the mechanistic details linking DOCK8 to STAT3 for IL-17 production 

in T cells have not yet been examined.

 Summary

With the identification of many more DOCK8-deficient patients and a better understanding 

of the natural history of DIDS, HSCT has become recognized as the only way to cure this 

highly morbid and lethal immunodeficiency. Early treatment has been aided by the 

development of a rapid flow cytometry based diagnostic method, which has also uncovered 

somatic reversions contributing to the variable clinical phenotype. Recent research delving 

into the mechanisms underlying this complex and fascinating disease has revealed multiple 

ways by which the immune system is compromised. Most notably, absence of DOCK8 

impairs the ability of T cells and NK cells to maintain shape integrity when migrating within 

the skin, causing cell death and poor control of virus skin infections. Absence of DOCK8 

also impairs the development, survival, and function of other lymphocyte subsets as well as 

dendritic cell migration and functions. Other work has linked DOCK8 to STAT3 activity, 

potentially explaining the overlapping clinical phenotype between DIDS and Job's 

syndrome. Future work focusing on how DOCK8 biochemically regulates these processes is 

critical for advancing our understanding this disease.
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Multiple Choice Questions (correct answers are bolded)

1. Less common clinical findings that occur in DIDS include all the following 

except

a. Sclerosing cholangitis

b. Lymphoma

c. Vasculopathy

d. Pneumatocele

e. Eosinophilic esophagitis

2. Laboratory abnormalities that are often seen in DIDS include all the 

following except

a. Elevated serum IgE

b. Decreased CD4 T cell numbers

c. Increased serum IgM

d. Eosinophilia

e. DOCK8 protein in some lymphocytes

3. Which of the following is a true statement about somatic reversion in 

DIDS?

a. Somatic reversion is observed in ~11% of patients.

b. Somatic reversion occurs preferentially in neutrophils.

b. Patients with somatic reversion tend to have less severe disease and 

die at an older age.

c. Hematopoietic stem cell transplantation can be avoided when 

somatic reversion is observed.

d. Mechanisms contributing to the high frequency of somatic reversions 

include original-site mutation, second-site mutation, gene 

conversion, intragenic crossover, and cytothripsis.

4. DIDS is effectively treated by:

a. IVIG

b. IFN-α

c. HSCT

d. Gene therapy

e. All of the above.

5. Mechanisms contributing to the infection susceptibility in DIDS include all 

the following except
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a. Death of tissue-resident memory T cells in the skin

b. Decreased memory B cells including marginal zone B cells

c. Decreased NK cell cytotoxicity

d. Increased STAT1 activation

e. Impaired dendritic cell production of IFN-α production
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Fig. 1. Possible combinations of germline mutations in DIDS
Actual mutations with sequencing interpretations below. Yellow, DOCK8 allele. Red, 

deletion. X, point mutation (missense, nonsense, splicing mutation, small indel). Gray 

hatches, sequence that appears to be deleted.
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Fig. 2. Somatic reversions can obscure a molecular diagnosis of DIDS
(a) During replication of DOCK8 alleles, either gene conversion or intragenic single 

crossover can occur to generate somatic reversions. (b) An example of DIDS patient with 

somatic reversion. Notice the small peaks in the dashed frame showed abnormal sequence 

that was barely detectable in Sanger sequencing of PBMC DNA as opposed to neutrophil 

DNA. (c) Intracellular flow cytometic detection of DOCK8 in the same patient. A distinctive 

double peak (black) indicates this was a DIDS patient with somatic reversion in T cells. The 

level of reversion was exceptionally high in this patient, which resulted in the apparently 

normal Sanger sequencing result in (b).
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Fig. 3. A critical role for DOCK8 during cytoskeletal rearrangement
(a) A DOCK8-CDC42-PAK pathway regulates cytoskeletal proteins such as F-actin to keep 

the cell body and nuclei intact during 3D migration of lymphocytes. The coordination of 

migration, not the mobility per se, is impaired when DOCK8 is absent and leads to 

cytothripsis. (b) DOCK8 regulates CDC42 and WASp to rearrange cytoskeletal proteins 

such as F-actin and microtubules in the immunological synapse. This contributes to NK cell 

killing of target cells.
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