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Dedicator of cytokinesis 8 (DOCK8) deficiency is an
autosomal-recessive form of hyperimmunoglobulin E syn-
drome which is a primary immunodeficiency (PID), also
classified in the group of combined immunodeficiencies [1].
DOCK8 is a protein within the family of Rho-GTPases
which is expressed in lymphocytes, affects cell signaling and
reorganization of the cytoskeleton [2]. Clinical features of
this disease include recurrent upper and lower respiratory
tract infections, elevated IgE levels, eosinophilia, severe
atopic dermatitis, asthma, and food allergies. Patients with
DOCK8 deficiency have increased incidence of viral cuta-
neous infection; herpes simplex virus, human papilloma
virus, and molluscum contagiosum virus. A high risk of
malignancy, which is typically hematologic or epithelial, are
reported in 8–17% of patients with DOCK8 deficiency [3].
The only definitive treatment option is allogeneic hemato-
poietic stem cell transplantation (HSCT) and experience
about HSCT in DOCK8 deficiency is limited [4, 5]. Here we
report three cases with DOCK8 deficiency who underwent
HSCT after myeloablative conditioning in our center.

The patients presented characteristic manifestations of
DOCK8 deficiency including eczema (all patients), recur-
rent sinopulmonary infection (all patients), food allergy
(Case 1, 3). In case 1 IgE specific for food allergens were as

follows; egg white: 33.4 Ku/L (class 4), milk: 37.6 Ku/L
(class 4) and nuts: 22.8 Ku/L (class 4). In case 3 food mix
test showed 24.4 Ku/L (class 4). Case 3 also had molluscum
contagiosum. Additionally, case 2 had resistant giardiasis,
sclerosing cholangitis and colitis and case 3 had sclerosing
cholangitis. Cryptosporidium was not isolated in the
patients with sclerosing cholangitis. Case 3 also had
bronchiectasis before HSCT. All three cases were given
monthly intravenous immunoglobulin therapy and
trimethoprim-sulfomethaxozole prophylaxis. In addition to
the clinical features compatible with DOCK8 deficiency,
diagnosis was also confirmed with mutational analysis. The
details of the mutations are given in the table as given in
Table 2.

The donors were human leukocyte antigen (HLA) iden-
tical siblings in all patients. Busulfan based myeloablative
conditioning regimen was used (Table 1). Cyclosporine A
and short-course methotrexate on days +1, +3, +6 were
used as graft versus host disease prophylaxis in all patients
(Table 1).

Engraftment was achieved in all patients. The chimerism
analysis showed 93% donor profile in case 1 (with full
donor chimerism at follow up) and full donor chimerism
(donor chimerism>%95) in other two cases at +1 month
after HSCT. None of the patients developed acute or
chronic GVHD. After HSCT case 2 developed hyperbilir-
ubinemia [5.28 mg/dl (0.3–1.2 mg/dl))], high transaminase
levels [ALT: 544 U/L (<39 U/L), AST: 337 (<51 U/L)],
hypoalbuminemia [3.1 g/dL (3.5–5.2 g/dL)], painful hepa-
tomegaly, edema, oliguria, and weight gain (>5% from
baseline). Although a late finding, a decreased or reversed
portal venous flow was not shown on Doppler ultrasound.
With these clinical and laboratory findings case 2 was
diagnosed with VOD (moderate) which improved with
defibrotide therapy.

Eczema resolved in all patients. Food allergy resolved
clinically in both case 1 and case 3. In case 1 specific Ig E
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levels for egg white: 0.28 Ku/L (class 0), milk: 0.2 Ku/L
(class 0) and nuts: 0.05 Ku/L (class 0) after HSCT
(+72 months). In case 3 specific Ig E levels for egg white:
0.97 Ku/L (class 2), milk: 0.16 Ku/L (class 0) and nuts:
0.02 Ku/L (class 0) after HSCT (+15 months). Sino-
pulmonary infections were significantly improved in all
patients. Disseminated molluscum contagiosum infection
recovered completely after HSCT in case 3. Liver function
tests were within normal limits at long term follow-up in
cases with sclerosing cholangitis (case 2 and 3). This may
be associated with the recovery of underlying immunologic
dysfunction after HSCT. In case 2, findings related to colitis
disappeared completely after HSCT. This may be associated
with the recovery of underlying immunologic dysfunction
after HSCT. No pulmonary complications or worsening of
pulmonary findings were observed after HSCT in case 3
with bronchiectasis.

The details of immunologic parameters of the patients are
shown in Table 2. Eosinophilia (normal: 40–360/mm3)
resolved significantly in +3 months and approached normal
levels. Low IgM levels are increased, in all but one (patient
1) are normalized. High IgE levels (normal: 0–90 IU/ml)
resolved significantly within 6 months after HSCT. In case
3, IgE values were slightly elevated at last follow-up visit
(227 IU/ml at +3.5th year at last follow-up visit). Increase
in CD4+ T cells percentages and numbers were observed in
all patients.

All patients are alive now with full donor chimerism and
are off of immunoglobulin substitution. Disease free sur-
vival time is 72, 64, and 51 months in cases 1, 2, and 3
respectively.

HSCT represents the only curative therapy in patients
with DOCK8 deficiency, and should be considered as early
as possible before development of significant organ
damage, life-threatening infections or malignancies [4, 5]. It
was suggested that even patients with significant comor-
bidities should undergo HSCT after these conditions are
treated aggressively [5]. Optimal conditioning regimen for
HSCT in PID has yet to be defined [5]. Reduced intensity
conditioning regimen might be a reasonable option for most
patients due to significant pre-transplant morbidity. How-
ever, there is also a very high rate of viral reactivation as
part of reduced intensity conditioning regimen [4]. The
conditioning regimen to be used in DOCK8 deficiency is
also a matter of debate. A variety of conditioning regimens
with different donor sources were used in different studies
with varying success [4–7]. Many patients with DOCK8
deficiency have organ damage necessitating reduced-
intensity conditioning approaches, which in turn carry a
higher risk of mixed donor chimerism [5]. In the study by
Cuellar-Rodriguez et al. [4], in which six patients with
DOCK8 deficiency were involved, myeloablative con-
ditioning regimen consisting of busulfan and fludarabine
was used. They reported that all patients had rapid
engraftment with high levels of donor chimerism with
minimal regimen related toxicity [4]. Al Herz et al. [5]
reported results of HSCT in 11 patients with DOCK8
deficiency. Nine patients had received busulfan-based
regimens combined either with cyclophosphamide or flu-
darabine- together with ATG in two patients. The remaining
two patients had received a reduced-intensity conditioning
regimen, fludarabine, melphalan, and alemtuzumab and
these patients are reported to have mixed chimerism.

Table 1 Transplant
characteristics and outcome of
patients

Case 1 Case 2 Case 3

Age at HSCT (y) 1.5 15.8 6.8

Duration between diagnosis and
transplantation

14 mo 12 mo 15 mo

Donor characteristics HLA identical
sibling

HLA identical
sibling

HLA identical
sibling

Conditioning regimen Bu (16 mg/kg) Bu (12.8 mg/kg) Bu (16 mg/kg)

Cy (200 mg/kg) Cy (200 mg/kg) Cy (200 mg/kg)

GVHD prophylaxis CsA+MTX CsA+MTX CsA+MTX

Source of stem cell BM BM BM

The number of CD34+ cells 3.7× 106/kg 3.3× 106/kg 3.6× 106/kg

Day of neutrophil and thrombocyte
engraftment

12/36 14/25 14/25

GVHD − − −

VOD − + −

HSCT hematopoietic stem cell transplantation, y year, mo months, M male, F female, BM bone marrow, Bu
busulfan, Cy cyclophosphamide, GVHD graft versus host disease, CsA cyclosporine A, MTX methotrexate,
VOD venoocclusive disease
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Another patient who had received a myeloablative dose of
busulfan also had mixed chimerism in this series. The
authors stated that; as all three patients with mixed chi-
merism received a mismatched unrelated graft, HLA mis-
match might also have played a role [5]. In our study, three
patients received a myeloablative regimen consisting of
busulfan and cyclophosphamide and all donors were HLA
identical siblings. Engraftment with full donor chimerism
and a long term disease free survival were achieved in all
these three patients.

In the series by Cuellar-Rodriguez et al. [4], all clinical
manifestations of DOCK8 deficiency resolved post-
transplant. In this series, the authors reported that the clin-
ical correction correlated with the laboratory evidence of
decreased IgE levels and eosinophils, along with a lym-
phocyte profile consistent with a new immunologic equi-
poise [4]. In the study by Al-Herz et al. [5], the clinical and
immunologic parameters were improved significantly after
HSCT. Ig E was reported to remain high in three patients.
The authors speculated that high Ig E levels were related to
ongoing infections [5]. In our study, we observed a sig-
nificant improvement in clinical findings including eczema,
sinopulmonary infections, food allergy, and molluscum
contagiosum. We also detected improvement in the other
immunologic parameters such as eosinophilia, low IgM,
high IgE, and low CD4+ T cell count before HSCT as seen
in Table 2, progressively normalized after HSCT.

Sclerosing cholangitis is a relatively common finding in
patients with DOCK8 deficiency [8]. Al-Herz et al. reported
cryptosporidium species-induced sclerosing cholangitis in
one of the eleven patients with DOCK8 deficieny under-
went HSCT [5]. Chronic infection with Cryptosporidium is
associated with sclerosing cholangitis in other primary
immunodeficiencies with CD4+ lymphopenia or dysfunc-
tional CD4+ lymphocytes [9, 10]. Case 2 and case 3 had
sclerosing cholangitis before HSCT. Cryptosporidium spe-
cies were not isolated in these patients. Laboratory features
of the sclerosing cholangitis resolved progressively after the
HSCT. It may be because of the decreased inflammation
firstly because of the conditioning regimen then because of
the immunosuppressives used.

PIDs have been associated with a broad clinical spectrum
of autoimmune gastrointestinal disorders including gastritis
(pernicious anemia), celiac disease, autoimmune entero-
pathy, and inflammatory bowel disease [11]. In the back-
ground of frequent infections (e.g., Giardia, Campylobacter,
Salmonella, rotavirus, enterovirus, and norovirus), diag-
nosis of nonspecific gastrointestinal symptoms such as
nausea, vomiting, diarrhea, and weight loss becomes par-
ticularly challenging [12]. Gastrointestinal disorders are
rarely reported in DOCK8 deficiency. Dinwiddie et al. [13].
reported intractable diarrhea, eczema, and infections in three
brothers with DOCK8 deficiency. Case 2 in our series was

previously reported as colitis associated with DOCK8
deficency in a study by Sanal et al. [14].

Ten of the eleven patients (91%) were reported to be
alive after HSCT in the study by Al-Herz et al. [5]. The
authors suggest that this success is owed to their young age,
early identification of several cases based on family history,
and aggressive pre-HSCT management, including liver
transplantation in one patient. Cuellar-Rodriguez et al.
reported that all six patients in their series were alive [4]. A
long term disease free survival was obtained in our patients.

In patients who lack a matched related or unrelated donor
haploidentical bone marrow transplantation is described for
DOCK8 deficiency by Shah et al. in a recent study. The
authors reported that six of seven patients are alive and
disease free in a median follow up time of 20.6 months [15].

DOCK8 protein has not been analyzed in immune cells
in any of the patients and that this is a limitation for our
study.

In conclusion, HSCT is the only curative therapy which
provides resolution of clinical findings in DOCK8 defi-
ciency. As soon as the patients get the diagnosis, HSCT
should be planned in the earliest convenience. Myeloa-
blative regimen can be used even in patients with disease
related complications like bronchiectasis, sclerosing cho-
langitis, and colitis. Myeloablative conditioning also pro-
vides sustained full donor chimerism.
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