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Summary. Dedicator of cytokinesis 8 (DOCK8) deficiency is an autosomal recessive type of

combined immunodeficiency with elevated IgE. In this report, we describe a Japanese girl of non-

consanguineous family suffering from acute eosinophilic pneumonia (AEP) as a presenting

feature of DOCK8deficiency. AlthoughAEPwas self-limiting, consecutively experienced recurrent

respiratory infections, severe atopic dermatitis, and vulnerability to viral infections, prompted us to

evaluate the possibility of DOCK8 deficiency. Immunological assessments demonstrated

decreased IgM, increased IgE, T lymphocytepenia, especially in CD4 T cells, decreased PHA

blastogenesis, and decreased CD27þCD19þ memory B cells. Western blotting revealed the

absence of DOCK8 protein. Investigation of genomic DNA by multiplex ligation-dependent probe

amplification (MLPA) revealed a heterozygous large deletion of 77 kb spanning from intron 5 to

exon 22. DOCK8 cDNA sequencing revealed a nonsensemutation at position 740 (E740X). As far

as we know, this is the first Japanese case of DOCK8 deficiency. Pediatr Pulmonol.
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INTRODUCTION

Acute eosinophilic pneumonia (AEP) is an acute
onset respiratory illness with fever, hypoxemia, diffuse
pulmonary infiltrates on chest X-ray and pulmonary
eosinophilia.1 In some cases, AEP is considered as an
acute hypersensitivity reaction to unidentified inhaled
antigens, but there is also evidence that certain infections
can cause AEP. In this report, we describe a Japanese girl
suffering fromAEP as a presenting feature of dedicator of
cytokinesis 8 (DOCK8) deficiency.2,3 DOCK8 deficiency
is an autosomal recessive type of combined immunodefi-
ciency with typically elevated IgE. Although blood
eosinophilia is a common feature of DOCK8 deficiency,
this is the first reported case of biopsy-proven AEP
occurring in a DOCK8-deficient patient.

CASE REPORT

The patient was a female born to non-consanguineous
parents. She had infantile onset atopic dermatitis, which
was often complicated by impetiginization and candidia-
sis. She also suffered from multiple food allergies and
experienced two episodes of wheezing bronchitis. At the
age of 5 years, she had recurrent respiratory infections,
including otitis media, sinusitis and pneumonia, and was
finally admitted to Aichi Children’s Health and Medical
Center with prolonged fever due to perforated otitis media
and pneumonia. Although lung auscultation revealed no
crackles on initial physical examination, the chest X-ray
showed bilateral infiltration in the apical anterior segment
of the upper lobes and in themedial segment of themiddle
lobes. The results of laboratory tests revealed white blood
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cells 13.5 � 109/L (neutrophils 64.3%, lymphocytes
11.5%, monocytes 2.5%, and eosinophils 18.2%), C-
reactive protein 3.9 mg/dl (normal range <0.4 mg/dl),
IgG 8.70 g/L (normal range7.79–15.15 mg/dl), IgA
1.92 g/L (normal range 6.0–23.8 mg/dl), IgM 0.86 g/L
(normal range 4.7–21.9 mg/dl), and IgE 14126 IU/mL

(normal range <110 IU/ml). Methicillin-resistant Staph-
ylococcus aureus (MRSA) was cultured from middle ear
exudates, and a-Streptococcus sp., Moraxella sp., and
Candida sp. were isolated from sputum culture. Antibi-
otic therapy with panipenem/betamipron was started and
minocycline was subsequently added because of continu-
ing cough and nocturnal fever. Although fever lysis and
improvement of respiratory symptoms were obtained by
day 6, marked eosinophilia (26.2 � 109/L) and exacer-
bation of interstitial pneumonia on chest X-raywere noted
on day 9 of admission. Pulmonary CT scan revealed
diffuse interstitial infiltration in both lungs (Fig. 1A). AEP
was suspected and closed thoracoscopic lung biopsy was
performed on day 16 to establish a definitive diagnosis
before initiating steroid therapy. Marked interstitial
infiltration of eosinophils and small lymphocytes consis-
tent with AEP were found in the biopsy specimen
(Fig. 1B), and macrophages and Masson’s body for-
mations were noted in alveolar spaces (Fig. 1C). No

Fig. 1. A: Pulmonary CT on day 9 (at 5 years old) showed ill-defined ground-glass opacities in

both lungs. B,C: Hematoxylin and eosin-stained biopsy specimens from left upper lobe. Marked

interstitial infiltrationof eosinophils and small lymphocytes (B), andmacrophages andMasson’s

body formations (C) were noted. D: Multiplex ligation-dependent probe amplification (MLPA)

analysis. Peak area histograms for the patient normalized with a control sample are shown.

Triplicate exon dosage is reported on the y-axis as a multiple of one copy. E: cDNA sequencing

revealed a nonsense mutation (E740X) corresponding to c.2330G >T at exon 20, which was

deleted in another allele.

ABBREVIATIONS

AEP Acute eosinophilic pneumonia

DOCK8 Dedicator of cytokinesis 8

FOXP3 Forkhead box P3

MLPA Multiplex ligation-dependent probe amplification

IPEX Immune dysregulation, polyendocrinopathy, entero-

pathy, and X-linked syndrome

iTreg Inducible regulatory T cells

OS Omenn syndrome

STAT3 Signal tranducer and activator of transcription 3
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evidence of active fungal infection was observed.
Although microbiological culture from the biopsy sample
was not performed, MRSA, a-Streptococcus sp., Neisse-
ria sp., and Corynebacterium sp. were isolated from
bronchoalveolar lavage fluid (BALF) collected simulta-
neously. Pneumocystis was not detected in the lung
biopsy sample and in smears of BALF. While reviewing
the biopsy specimens, however, respiratory symptoms
and pulmonary infiltration on chest X-ray improved
gradually without corticosteroid therapy and she could be
discharged from the hospital on day 26. Although steroid
therapy has been used in the reported cases of AEP,
spontaneous recovery has also been reported in 6 of the 22
patients in one series.4

After her discharge from the hospital, recurrent
respiratory infections and severe atopic dermatitis
continued, and vulnerability to viral infections such as
herpes virus stomatitis, herpes zoster, and molluscum
contagiosum gradually became apparent. Characteristic
features, such as elevated IgE levels, eosinophilia,
multiple allergies, recurrent upper and lower respiratory
tract infections, and unusual susceptibility to viral
infections, prompted us to evaluate the possibility of
DOCK8 deficiency. Immunological assessments demon-
strated T lymphocytepenia (1.2 � 109/L), especially in
CD4 T cells (0.32 � 109/L), decreased PHA blasto-
genesis (14,600 cpm; reference 26,000–53,000 cpm),
and decreased CD27þCD19þ memory B cells (2.8% of
CD19þ cells; reference 7.5–50%). Th-17 cells, which are
reported to be decreased in STAT3-deficient hyper-IgE
syndrome (STAT3-HIES),5 were not reduced (0.7% of
CD4þ T cells; reference 0.2–0.7%).
Western blotting of lysates from an EBV-immortalized

B-cell line using anti-human DOCK 8 N-terminus
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA) revealed the absence of DOCK8 protein (data not
shown). Investigation of genomic DNA by multiplex
ligation-dependent probe amplification (MLPA) using the
SALSA MLPA kit (SALSA MLPA P385 DOCK8
probemix and SALSA MLPA P386 DOCK8-STAT3
probemix; MRC-Holland, Amsterdam, The Netherlands)
revealed a heterozygous large deletion of 77 kb spanning
from intron 5 to exon 22 (Fig. 1D). DOCK8 cDNA
sequencing of an EBV-immortalized B-cell revealed a
nonsense mutation at position 740 (E740X) (Fig. 1E),
which was located at exon 20 of the undeleted allele.

DISCUSSION

DOCK8 is a kind of atypical guanine exchange factor
(GEF), which activate Rho-GTPases. As these GTPases
are important in regulating many cellular functions of
lymphocytes including actin cytoskeletal organization,
cell-cycle progression, and gene expression, deficiency of
DOCK8 causes an autosomal recessive type of combined

immunodeficiency with typically elevated IgE. Clinically,
DOCK8 deficiency is characterized by recurrent infec-
tions of both viral and bacterial etiology, a wide range of
allergic manifestations, and early onset malignancy. The
laboratory markers include variable degrees of T and B
lymphocytepenia, decreased IgM, elevated IgE, and
eosinophilia.2,3

The spectrum of pulmonary disease secondary to
DOCK8 deficiency includes recurrent pulmonary infec-
tions, which sometimes lead to bronchiectasis. A variety
of organisms, mostly Gram-positive and Gram-negative
bacteria but also fungi and viruses are responsible. IgE
mediated asthma is also common, and of the 11 patients
reported by Zhang et al.,2 6 had asthma or reactive airway
disease. They also observed eosinophilic lung disease in
two patients. It has been suggested that AEP results from
acute hypersensitivity to inhaled unidentified antigens in
otherwise healthy individuals, but there is also evidence
that certain infections can cause AEP. Although a number
of pathogens common to immunodeficient patients, such
as Pneumocystis species and Aspergillus species, are
known to cause lung eosinophilia, none of these
pathogens were detected in our case. Her AEP might
be attributed to the immune response against usual
bacterial infection under Th2-polarizing conditions.
Extensive eosinophilia presents a diagnostic challenge

for pediatric allergists. Among various causative con-
ditions, hypereosinophilia due to immunodeficiencies
such as STAT3-HIES, Omenn syndrome (OS) and
immune dysregulation, polyendocrinopathy, enteropathy,
and X-linked syndrome (IPEX) have been reported. In
STAT3-HIES, IL-10 signaling in dendritic cells, which is
crucial for generating inducible regulatory T cells (iTreg),
was reported to be impaired and accordingly, the
appropriate Th2-Treg cell balance to prevent hyper-
eosinophilia might be disturbed.6 OS is a form of severe
combined immunodeficiency characterized by oligoclo-
nal expansion of T lymphocytes. The oligoclonality of the
T cell repertoire in the context of lymphopenia results in
severe Th2-associated inflammatory disease, whichmight
be caused by a lack of matching between the T cell
repertoire of effector CD4þT cells and Treg cells.

7 IPEX is
caused by mutations in FOXP3, a master regulator of Treg
cells, and defects in Treg cell function are associated with
the development of an unbalanced Th2 response.8 Thus,
there is a possibility that insufficient Treg cells might be
common causes of eosinophilic dysregulation in these
immunodeficient conditions. Although the pathogenesis
of eosinophilia in DOCK8 deficiency is currently not
proven, partial T cell deficiency or oligoclonality9 such as
OS might induce insufficiency of Treg cells. Further
investigation is obviously necessary to elucidate the
mechanisms of hypereosinophilia in DOCK8 deficiency
and to establish effective strategies for prevention and
treatment of these serious complications. Early diagnosis
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and treatment with hematopoietic stem cell transplanta-
tion (HSCT) is extremely important, as the prognosis of
most patients with DOCK8 deficiency is poor due to a
high incidence of malignancy and infection. Supportive
therapies including prophylactic antibiotics and intrave-
nous immunoglobulins (IVIG) might be beneficial while
awaiting HSCT.
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