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ABSTRACT 

 

The autosomal recessive form of hyperimmunoglobulin E syndrome (AR-HIES), caused by  

mutations in the DOCK8 (Dedicator of Cytokinesis 8) gene, presents a wide range  of clinical 

manifestations and phenotypically overlaps with several types of combined immunodeficiency 

disorders characterized by elevated serum IgE levels.  Due to the high rates of morbidity and 

mortality, as well as the potential curability through hematopoietic stem cell transplantation (HSCT), 

early and accurate differential diagnosis of this syndrome is crucial for optimal management and 

improved prognosis. Flow cytometry tests can be beneficial for early diagnosis of many inborn errors 

of immunity (IEIs), including this syndrome. This study, conducted for the first time on Iranian 

patients, investigated the expression of the DOCK8 protein. 

DOCK8 expression was assessed by flow cytometry in 14 patients (6 males and 8 females) with  

a clinical diagnosis of DOCK8 deficiency. The diagnosis was ultimately confirmed through genetic  

testing. 

The results showed that DOCK8 expression in patients was significantly lower compared to 

the healthy control group. 
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Flow cytometric evaluation of DOCK8 protein expression offers a rapid and efficient  
diagnostic method with a sensitive detection range suitable  for many cases. This approach can facilitate 
the diagnosis of DOCK8 deficiency, thereby enabling timely and effective disease management. 
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INTRODUCTION 

 

Hyper immunoglobulin E (IgE) syndrome (HIES) is 

a rare combined primary immunodeficiency disorder 

characterized by elevated IgE levels, recurrent 

infections, and connective tissue abnormalities, It was 

first described by Davis et al in 1966.1 To date, 

mutations in the TYK2, STAT3, DOCK8, PGM3, and 

ZNF341 genes have been identified in individuals 

affected by this syndrome. 2-8 Mutations in the DOCK8 

and STAT3 genes account for the majority of autosomal 

recessive and autosomal dominant cases of this 

syndrome, respectively,9 While the dominant form is 

more prevalent globally, regions such as Iran, where 

consanguineous marriages are common, show a higher 

frequency of the recessive form, primarily associated 

with DOCK8 deficiency.10 Both genetic forms of HIES 

share clinical features such as recurrent infections and 

mucocutaneous candidiasis, mainly due to functional 

defects of Th17 cells. The main reason for this 

phenotypic convergence is the critical role of DOCK8 in 

regulating STAT3 activity in immune cells, particularly 

lymphocytes, leading to impaired differentiation of 

Th17 cells.11 DOCK8 is a member of the DOCK protein 

family known as guanine exchange factors (GEFs), 

which regulates the activity of GTPases such as Cdc42 

and Rac1 involved in various signaling pathways. The 

expression of DOCK8 is mainly restricted to the 

hematopoietic cells with the highest levels observed in 

immune system cells, particularly lymphocytes. 

DOCK8 functions as an adaptor molecule involved in 

actin polymerization and cytoskeleton rearrangement, 

which play a crucial role in various functions of the 

immune system. Therefore, due to DOCK8 deficiency, 

all of these functions are impaired. The importance of 

the DOCK8 protein in regulating and maintaining the 

proper function of the immune system is reflected in the 

high mortality and morbidity rates observed in 

individuals with DOCK8 gene defects.12,13 As with other 

immune disorders, early diagnosis is crucial for this 

syndrome to ensure timely intervention and the 

implementation optimal management strategies.15,16 The 

diagnosis of HIES relies on a combination of clinical 

features and laboratory tests, which are classified as the 

NIH (The National Institutes of Health) Scoring System 

(scores over 40 points indicate a likely AD-HIES  (The 

Dominant recessive form of hyperimmunoglobulin E 

syndrome) phenotype, scores of 20-40 points are 

inconclusive regarding the presence of AD-HIES, and 

scores below 20 points indicate that the subject is 

unlikely to have AD-HIES).17,18 However, initial 

diagnosis based on clinical manifestations is challenging 

because of the wide range of clinical manifestations in 

this syndrome and phenotypic overlap with some forms 

of combined immunodeficiency with elevated IgE 

levels. While genetic testing is the definitive method for 

confirming DOCK8 deficiency in HIES patients, 

immunological biomarkers can provide a valuable 

alternative for early diagnosis when genetic testing is not 

available or feasible. Since DOCK8 mutations typically 

lead to defective protein expression, this study measured 

the expression levels of DOCK8 in patients with a 

clinical diagnosis of DOCK8 deficiency by flow 

cytometry as a simple and highly sensitive method. The 

diagnosis was subsequently confirmed through exome 

sequencing. 

 

MATERIALS AND METHODS 

 

Patients and Controls 

Fourteen Iranian patients with a clinical diagnosis of 

AR-HIES were invited to cooperate with the 

Immunodeficiency Research Center of Tehran 

University of Medical Sciences between 2022 and 2024.  

The patients were selected based on the immunology 

and allergy specialist's assessment, by examining the 

patient's family and medical records, as well as based on 

the classification of the International Union of 

Immunological Societies (IUIS) and the criteria for 

probable diagnosis criteria of HIES by the European 

Society of Immunodeficiency Disorders (ESID) 

including elevated serum IgE>10 times the normal for 

age, pathologic susceptibility to infectious diseases, no 

evidence of T-cell deficiency (low T cell numbers, low 
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naive T cells, reduced proliferation) and no evidence of 

B cell deficiency. This study revealed that 10 patients (4 

males, 6 females) with an average age of 9.7 years, from 

10 different consanguineous families had DOCK8 

deficiency, and 4 other patients exhibited normal 

expression of DOCK8 and had mutations in other genes. 

The following investigations were conducted on these 

10 patients. Additionally, 10 age and sex-matched 

healthy donors were included as a control group. In 

accordance with the Helsinki Declaration, informed 

consent was obtained from patients before enrolment. 

Moreover, the NIH Score was calculated for the patients. 

 

DOCK8 Expression by Flow Cytometry 

The blood sample was fixed, permeabilized, and 

stained with primary and secondary antibodies Anti-

DOCK8 (Abcam, UK) and anti-IgG  (Abcam, UK), 

respectively, and then analyzed by flow cytometry using 

a BD FACS Calibur (BD Biosciences, San Jose, CA, 

USA). 

 

Mutational Analysis 

Genomic DNA was isolated from peripheral blood 

using the DNA Blood Mini Kit (Favorgen, Taiwan). 

Whole-exome sequencing was performed, and then the 

detected Mutations were confirmed by Sanger 

sequencing. 

 

Statistical Analysis 

The flow cytometry test results  were  evaluated with 

FlowJo 7.6.1 software, the data were then transferred to 

GraphPad PRISM 8 (GraphPad Software, San Diego, 

CA)  software. Mann-Whitney tests were used to 

compare the two groups. Receiver operator 

characteristic (ROC) analysis was used to determine the 

optimum cut-off value for the studied diagnostic marker. 

p values less than 0.05 were considered statistically 

significant. 

 

RESULTS 

 

Clinical Information and Laboratory Findings of 

Patients with DOCK8 Deficiency 

All patients were born to first-degree 

consanguineous parents. The age of onset of clinical 

manifestations ranged from 2.5 months to 1.5 years, with 

an average of 0.8 years. The average age at diagnosis 

was 9.7 years, reflecting a diagnostic delay of 8.8 years. 

Clinical manifestations included eczema, skin abscess, 

pneumonia, pulmonary manifestations, sinusitis/otitis, 

candidiasis, and viral infections. The NIH score was also 

calculated for the patients, with an average of 37.2. 

According to the NIH scoring system, cases with a score 

below 40 make the presence AD-HIES form (associated 

with STAT3 mutations) unlikely. Therefore, the results 

of the NIH score were consistent with our study (Table 

1). IgE levels were markedly elevated in all patients, 

ranging from 700 to over 10,000 IU/mL. 

Immunoglobulin levels were generally normal, although 

a decreasing trend in IgM levels was observed in half  

of the patients. CD4 Lymphopenia was observed in  

most patients compared to the healthy control group  

(Table 2). 

 

DOCK8 expression by Flow cytometry 

Despite the varying levels of DOCK8 

expression, the test successfully detected most 

patients. DOCK8 expression was assessed in 

lymphocytes, and the mean fluorescence intensity 

(MFI) of DOCK8 was significantly lower in 

patients compared to the control group (p=0.0001). 

ROC analysis of DOCK8 expression revealed 

an area under the curve of 0.97, which 

distinguished DOCK8-deficient patients from 

normal controls (p=0.0004). At a cut-off of 

151.1%, the sensitivity was 100%, while the 

specificity was 80% (Figure 1).  

 

Mutational Analysis 

Whole-exome sequencing was performed on 14 

patients clinically diagnosed with DOCK8 deficiency. In 

four patients with normal DOCK8 expression, no 

mutations were detected in the DOCK8 gene. However, 

in patients with DOCK8 expression deficiency, various 

mutations were detected in the DOCK8 coding gene, 

including large deletions and point mutations.   Despite 

the confirmed mutations in the DOCK8 gene in three 

patients (P2, P5 and P6), their DOCK8 expression levels 

remained within the range observed in healthy control 

samples. (Table 3).  Mutations detected through exome 

sequencing were confirmed by Sanger sequencing. 
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Table 1. Demographic and clinical findings of patients with DOCK8 deficiency 

NO. 1 2 3 4 5 6 7 8 9 10 

Gender F M F F F M F F M M 

Age of onset (years) 0.2 1 1.5 1 1 0.5 0.5 0.5 1 1.5 

Age of Diagnosis (years) 4 13 16 12 5 12 11 5 9 10 

Eczema + + + + + + + + + + 

Skin abscesses - - - - + - + - - - 

Pneumonia + + + + + - + + - - 

Lung complications + + + + + + + + + + 

Sinusitis/Otitis + + + + + + + + + + 

Candidiasis + + + + + - + + + + 

Viral infection + + + + + + + + + + 

Retained teeth - - - - - - - - - - 

Scoliosis - - - - - - - - - - 

Characteristic face - - - - - - - - - - 

Pathogenic bone fracture - - - - - - + + - - 

Hyperextensibility - - - - - - - - - - 

Vascular abnormalities - - - - - - - - - - 

Lymphoma - - - - - - - - - - 

NIH score  37 34 40 41 37 35 39 40 34 38 

DOCK8: Dedicator of Cytokinesis 8; NIH: The National Institutes of Health score
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Table 2. Immunological parameters in DOCK8 patients  

NO. 1 2 3 4 5 6 7 8 9 10 

Eosinophil 

(Count/µL) 

4300↑ 

(<700) 

1700↑ 

(<700) 

630 

(<700) 

550 

(<700) 

3800↑ 

(<700) 

255 

(<700) 

965↑ 

(<700) 

2200↑ 

(<700) 

830↑ 

(<700) 

1455↑ 

(<700) 

IgG (mg/dL) 1501↑ 

(500-1300) 

1310 

(630-1340) 

820 

(630-1340 ( 

600↑ 

(630-1340) 

1650↑ 

(500-1300) 

670 

(630-1340) 

712 

(760-2300) 

1220 

(500-1300) 

1061 

(760-2300) 

927 

(760-2300) 

IgM (mg/dL) 58 

(40-180) 

41↓ 

(55-350) 

82 

(55-350) 

107 

(55-350) 

33↓ 

(40-180) 

45↓ 

(55-350) 

51↓ 

(70-380) 

49 

(40-180) 

119 

(70-380) 

55↓ 

(70-380) 

IgA (mg/dL) 121 

(40-180) 

88 

(70-300) 

220 

(70-300) 

151 

(70-300) 

155 

(40-180) 

117 

(70-300) 

246 

(70-300) 

67 

(40-180) 

434↑ 

(70-310) 

129 

(70-310) 

IgE (IU/mL) >5000↑ 

(<60) 

2500↑ 

(<100) 

1020↑ 

(<100) 

755↑ 

(<100) 

2110↑ 

(<60) 

1130↑ 

(<100) 

>10000↑ 

(<90) 

>5000↑ 

(<60) 

744↑ 

(<90) 

2200↑ 

(<90) 

CD3 

(%) 

23.5↓ 

(30-78) 

28.5↓ 

(35-78) 

43.5 

(35-78) 

22.9↓ 

(35-78) 

28.5 

(30-78) 

29.2↓ 

(35-78) 

51.4 

(35-78) 

23.2↓ 

(30-78) 

27.4↓ 

(30-78) 

31.2 

(30-78) 

CD4 

(%) 

17.8↓ 

(22-62) 

21.1↓ 

(22-65) 

13.7↓ 

(22-65) 

42.1 

(22-65) 

19.6↓ 

(22-62) 

21.7↓ 

(22-65) 

41.1 

(22-62) 

20.9↓ 

(22-65) 

14.7↓ 

(22-65) 

29.3 

(22-65) 

CD8 

(%) 

11.1↓ 

(12-36) 

28.2 

(10-37) 

43.1 

(10-37) 

27.3 

(10-37) 

16.3 

(12-36) 

8.5↓ 

(10-37) 

20.1 

(10-37) 

10.8↓ 

(12-36) 

20.5 

(10-37) 

31.7 

(10-37) 

CD19 

(%) 

16.1 

(9-38) 

17.1↑ 

(3-14) 

13.3 

(3-14) 

11.6 

(3-14) 

15.1 

(9-38) 

19.2↑ 

(3-14) 

20.4 

(9-38) 

7.2 

(3-14) 

13.5 

(3-14) 

28.7↑ 

(3-14) 

CD56 

(%) 

10.1 

(3-15) 

7.3 

(3-15) 

4.1 

(3-15) 

16.2↑ 

(3-15) 

5.6 

(3-15) 

8.7 

(3-15) 

12.5 

(3-15) 

6.3 

(3-15) 

8.7 

(3-15) 

9.1 

(3-15) 

Note: Normal range of values for age in parentheses. IgG: Immunoglobulin G; IgM: Immunoglobulin M; IgA: Immunoglobulin A; IgE: Immunoglobulin E 
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Figure 1. DOCK8 (Dedicator of Cytokinesis 8) expression assay by flow cytometry. Gating strategy for DOCK8 positive 

population cells in healthy control (up) and patient (down)  (a). An overlay histogram of DOCK8 expression in patient P4 

compared to a healthy control subject (b). Statistical comparison of DOCK8 expression between the patient groups and healthy 

controls, *** p<0.0001 (c). ROC curves (Receiver operator characteristic curves) to determine the optimal cut-off values of 

DOCK8 expression in distinguishing patients from healthy controls (d). 

A 

B 

C D 
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Table 3. Mutations detected in DOCK8 patients 

Variant classification  

(ACMG Score) 

Mutation detected Patient 

Pathogenic Homozygous deletion of exons 18 to 24 P1 

VUS c. 3577C>G )Not registered in the public databases, but 

reported before) 

P2 

Pathogenic Homozygous deletion of exons 14 to 26  P3 

Pathogenic Homozygous deletion of exons 5 to 48  P4 

Pathogenic NM_203447.4:c.5132C>A P5 

VUS c. 3577C>G Not registered in the public databases, but 

reported before) 

P6 

Pathogenic Homozygous deletion of exons 24 to 30  P7 

Pathogenic Homozygous deletion of exons 1 to 10  P8 

Likely pathogenic NM_001190458: exon24: c.2933_2934del P9 

Pathogenic Homozygous deletion of exons 20 to 38 P10 

DOCK8: Dedicator of Cytokinesis 8; VUS: Variant of Uncertain Significance 

 
DISCUSSION 

 

The first description of DOCK8 deficiency 

was provided by Zhang et al .in 2009. It is an 

autosomal recessive combined immunodeficiency 

syndrome, characterized by severe viral 

cutaneous infections and elevated serum IgE 

levels. 

DOCK8 deficiency is more prevalent in 

populations with a high incidence of 

consanguineous marriages, such as in Iran. 

Effective management of HIES is crucial, 

particularly for individuals with DOCK8 

deficiency, who may experience more aggressive 

symptoms compared to those with AD-HIES. 

Hematopoietic stem cell transplantation (HSCT) 

has shown promising results, highlighting the 

importance of early and accurate diagnosis for 

achieving optimal treatment outcomes. Due to the 

variety of mutations in the DOCK8 gene, the 

diverse functions of the mutant gene, and the 

shared functional pathways with other genes, a 

broad range of clinical manifestations can occur 

in this disease. These manifestations may 

sometimes overlap with those of AD-HIES, 

which is caused by loss-of-function mutations in 

the STAT3 gene, as well as with other forms of 

CID characterized by elevated IgE levels. Given 

the challenges of early diagnosis based on clinical 

manifestations, there is a growing emphasis on 

evaluating immunological diagnostic markers 

using rapid and accessible methods, such as flow 

cytometry, particularly in situations where genetic 

testing is not readily available. 

To date, DOCK8 expression has not been 

investigated in Iranian patients. Evaluating this 

diagnostic marker can be valuable in accelerating 

the diagnostic process and ultimately improving 

disease management. 

The NIH score was calculated for DOCK8 

patients to assess its potential utility in 

differentiating them from those with LOF STAT3 

mutations. The average NIH score for the patients 

was 37.2, indicating that LOF-STAT3 is an 

unlikely diagnosis. This finding aligns with our 

results, suggesting that the NIH score can be 

useful in distinguishing DOCK8 patients from 

those with LOF-STAT.17,18 

A decrease in IgM level was observed in half 

of the patients, which has also been reported in 

other studies. The levels of IgA and IgG were 

within the normal range for most patients, with 

two and three patients, respectively, exhibiting 

elevated levels.19-21 

As previously documented in the literature, seven 

patients exhibited TCD4 cell lymphopenia, which is 

associated with impaired T cell activation, proliferation 

and survival in DOCK8-deficient patients.20 
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We evaluated the usefulness of flow cytometry for 

assessing DOCK8 expression as a diagnostic test; a 

statistically significant difference was observed between 

the patient and control groups.  

Despite the confirmation of genetic mutations, 

DOCK8 protein expression in three patients (P2, P5, and 

P6) was not significantly different from the healthy 

controls. The c. 3577C>G  and c. 5132C>A mutations 

respectively are the missense and nonsense point 

mutations in the coding regions of the DOCK8 gene  . 

Although  these point mutations do not significantly 

affect DOCK8 protein expression, based on the patients’ 

clinical phenotypes, these variants are likely 

nonfunctional; however, definitive confirmation 

requires further studies. In other cases, deletion 

mutations in the exonic regions of the DOCK8 gene have 

caused a significant deletion of this gene and 

consequently impaired DOCK8 protein expression, this 

has been reported frequently in DOCK8 deficiency. 

Various factors contribute to the complexity of 

interpreting the DOCK8 protein expression, 

including the different DOCK8 gene mutations and 

their effects on DOCK8 protein expression, the 

presence of residual protein expression and 

somatic reversion, which has been reported in 

some DOCK8 mutations and may lead to partial 

expression of DOCK8 protein in certain cell 

lineages.14 The association between genotype and 

phenotype in DOCK8 deficiency is complex due to 

the wide range of clinical manifestations. One 

contributing factor is revertant mosaicism, a repair 

process primarily observed in older patients. These 

patients typically have a lower atopy score and 

total clinical score compared to those without 

revertant mosaicism, which may reduce and 

moderate the intensity of symptoms over time. 

This phenomenon enhances patient survival, 

although they remain susceptible to infections and 

their potentially lethal complications.22 

Furthermore, in some cases, the presence of 

hypomorphic DOCK8 function may explain the 

relatively mild and unconventional phenotype observed 

in certain patients, thereby broadening the spectrum of 

DOCK8-associated disease.23 In combination with the 

repair mechanisms observed in lymphocytes, this can 

also help explain the clinical manifestations of DOCK8 

deficiency, even in patients with normal IgE levels. 

Based on DOCK8 protein expression in 10 patients, 

the diagnostic efficiency of this test was evaluated using 

ROC analysis. The area under the curve (AUC) 

demonstrated the test's ability to distinguish DOCK8 

deficiency from healthy controls.  

Considering the heterogeneous nature of primary 

immunodeficiency disorders, immunophenotypic 

analysis using flow cytometry  as a quantitative and 

reliable method can facilitate and expedite the 

differential diagnosis of these deficiencies, serving as 

the first step in the initial screening of suspected IEI 

cases.  In this study, detecting defective DOCK8 

expression through flow cytometry proved to be a 

valuable approach for confirming the diagnosis of 

DOCK8 deficiency, especially in cases  where genetic 

analysis is unavailable. 
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