J Clin Immunol (2012) 32:698-708
DOI 10.1007/s10875-012-9664-5

Additional Diverse Findings Expand the Clinical
Presentation of DOCKS Deficiency

Ozden Sanal - Huie Jing - Tuba Ozgur - Deniz Ayvaz -
Dara M. Strauss-Albee - Sibel Ersoy-Evans -

IlThan Tezcan - Gulten Turkkani - Helen F. Matthews -
Goknur Haliloglu - Aysel Yuce - Bilgehan Yalcin -
Ozay Gokoz - Kader K. Oguz - Helen C. Su

Received: 30 June 2011 /Accepted: 1 February 2012 /Published online: 4 April 2012

© Springer Science+Business Media, LLC (outside the USA) 2012

Abstract We describe seven Turkish children with DOCK8
deficiency who have not been previously reported. Three
patients presented with typical features of recurrent or se-
vere cutaneous viral infections, atopic dermatitis, and recur-
rent respiratory or gastrointestinal tract infections. However,
four patients presented with other features. Patient 1-1
featured sclerosing cholangitis and colitis; patient 2—1, gran-
ulomatous soft tissue lesion and central nervous system in-
volvement, with primary central nervous system lymphoma
found on follow-up; patient 3—1, a fatal metastatic leiomyo-
sarcoma; and patient 4-2 showed no other symptoms initially
besides atopic dermatitis. Similar to other previously reported
Turkish patients, but in contrast to patients of non-Turkish
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ethnicity, the patients’ lymphopenia was primarily re-
stricted to CD4" T cells. Patients had homozygous muta-
tions in DOCKS that altered splicing, introduced
premature terminations, destabilized protein, or involved
large deletions within the gene. Genotyping of remaining
family members showed that DOCKS deficiency is a fully
penetrant, autosomal recessive disease. In our patients, bone
marrow transplantation resulted in rapid improvement fol-
lowed by disappearance of viral skin lesions, including lesions
resembling epidermodysplasia verruciformis, atopic dermati-
tis, and recurrent infections. Particularly for patients who
feature unusual clinical manifestations, immunological test-
ing, in conjunction with genetic testing, can prove invaluable
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in diagnosing DOCKS deficiency and providing potentially
curative treatment.

Keywords DOCKS - combined immunodeficiency -
epidermodysplasia verruciformis - sclerosing cholangitis -
CNS lymphoma - leiomyosarcoma

Introduction

DOCKS deficiency is an autosomal recessive combined im-
munodeficiency that includes the autosomal recessive form of
hyperimmunoglobulinemia E syndrome (HIES). [1-4] Loss-
of-function mutations in the DOCKS gene, which encodes for
a poorly understood atypical guanine nucleotide exchange
factor on human chromosome 9, underlie this disease. Like
the autosomal dominant form of HIES caused by S7AT3
mutations, which is also known as Job’s syndrome, DOCKS8
deficiency exhibits eczema, recurrent pneumonias, elevated
serum IgE, and sometimes boils and mucocutaneous candidi-
asis. However, unlike Job’s syndrome, DOCKS deficiency
features intractable cutaneous viral infections with associated
cancers, widespread infections (sinusitis, otitis media, sepsis),
and lacks dental, skeletal, or connective tissue abnormalities.
Neurologic abnormalities such as CNS vasculitis have been
reported [2, 5]. Immunological abnormalities include lympho-
penia, defective antibody function, and variable serum immu-
noglobulin levels.

Despite distinctive clinical features, patients may present
with unusual findings or may only be mildly affected, lead-
ing to diagnostic uncertainty. The cases reported here illus-
trate instances where additional immunological and genetic
testing were useful.

Methods
Clinical and Laboratory Evaluations

Seven patients with high clinical suspicion for DOCKS defi-
ciency but negative HIV testing were studied, along with their
immediate family members. Subjects provided written in-
formed consent and were investigated under Institutional Re-
view Board approved research protocols in accordance with
the Helsinki Declaration. Lymphocyte immunophenotyping
by flow cytometry was performed on whole blood followed
by RBC lysis. Lymphocyte proliferation to mitogens (PHA,
ConA) was measured by *H-thymidine incorporation. Serum
immunoglobulin isotypes were quantitated by nephelometry,
except for IgE which was measured by radioallergosorbent
test. Antibody titers were measured by ELISA. All tests were
performed in the Clinical Pathology Laboratory and the

Pediatric Immunology Laboratory at Hacettepe University
Hospital.

Mutational Analyses

DOCKS sequencing and array comparative genomic hybrid-
ization (CGH) were performed on genomic DNA from periph-
eral blood mononuclear cells (PBMC) of probands and all
living immediate family members, as described [1]. Where
indicated, total RNA was isolated from PBMC or proliferating
T cells and reverse transcribed into cDNA using SuperScript
IO First Strand Synthesis SuperMix kit (Invitrogen). PCR
amplification of cDNA spanning exons 19 to 24 was performed
using primers 5-TGTACACACCCAGGACAACC-3' and 5'-
ACCAGAAGCTCAAAGAAGAACC-3'. Amplified products
were separated by gel electrophoresis, or used for cDNA se-
quencing [1]. Variants were named using GenBank Reference
Sequences NC_000009.10 (DNA), NM_001193536.1
(mRNA; previously NM 203447.1), and NP_0011800465.1
(protein; previously NP 982272.1) based upon NCBI Build
36.3, which correspond to the isoform that is predominantly
expressed in primary T cells (Genbank NM991479.1,
HM991480.1). The deleterious effects of missense mutations
were predicted using the PolyPhen-2 HumDiv, PolyPhen-2
HumVar, and SIFT software packages. Mutations were not
found in 50 healthy Turkish normal controls.

Overexpression Studies

Full-length wildtype DOCKS, cloned in the pCMV6-Entry
vector that has C-terminal fusion Myc and Flag epitope tags,
was purchased from Origene (cat# CW100311). A C1447R
mutant version of this construct was generated by site-directed
mutagenesis, with confirmation by Sanger sequencing. In
brief, PCR amplification of full length DOCKS plasmid with
primers containing the point mutation was performed using
AccuPrime™ Pfx SuperMix (Invitrogen), and PCR products
were treated with Dpnl (New England Biolabs) followed by
transformation into XL10-Gold Ultracompetent Cells (Strata-
gene). Plasmid DNA was purified by PureLink HiPure Filter
Plasmid Kit (Invitrogen) and 1.5 pg transfected into 0.8
million human embryonic kidney 293 T cells using Lipofect-
amine 2000 (Invitrogen). Cells were lysed in 2% SDS buffer,
and 8 ug of protein lysate was separated per lane. Immuno-
blotting for DOCKS8 or (3-actin was otherwise performed as
described [1]. DOCKS expression was also confirmed by
immunoblotting using the M2 monoclonal antibody specific
to the Flag tag (Sigma-Aldrich).

Literature Review and Analyses

We analyzed data from DOCKS-deficient patients in this
report and in previous publications [1, 2, 6-11]. We only
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included patients with DOCKS8 mutations defined on both
alleles (ARHOO01, 2, 3, 4, 5, 8, 9, 10.2, 10.4, 10.8, 10.9,
11.3,12,13.3,13.4, 14, 15, 16.6, and 16.7) [2]. For estimation
of disease penetrance, we analyzed data from all living family
members of our additional patients, as well as data from a
previous publication for the families of ARHO0S, 10, 11, and
12 [2]. The latter dataset included all living family members
except for the parents of ARH010.2/10.3/10.4, ARH010.3,
and ARHO010.6. The younger sister of ARHO11.3, ARHO11.4,
and ARHO11.5 was genotyped as a heterozygous carrier for
inclusion in the present analysis (H. Jing and H. C. Su,
unpublished). For contingency table analyses of lymphopenia
in Turkish versus non-Turkish populations, we analyzed data
from DOCKS8-deficient patients in this report and in previous
publications where ethnicity was reported [1, 2, 7, 9-11]. We
classified a patient as Turkish if this ethnicity was indicated, or
as non-Turkish if a different ethnicity was indicated, and then
used the two-tailed Fisher’s exact test as part of the Prism
software package.

Results
Patient Presentations

Our seven additional Turkish patients are from four consan-
guineous families, whose pedigrees are shown in Fig. 1. Their
demographics and clinical features are described in Table I. In
general, patients had early onset of disease, which first man-
ifested as atopic dermatitis between 3 months to 2 years of
age. For very young infants, such as patient 4-2, atopic
dermatitis was the only initial clinical manifestation. Atopic
dermatitis was soon followed by recurrent otitis externa, otitis

Fig. 1 Pedigrees of the families
studied. Genotypes are indicated
below each individual, where
“+” designates normal DOCKS
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media, respiratory tract infections, gastrointestinal tract infec-
tions, and food allergies. Patients developed recurrent herpes
simplex virus (HSV) infections including eczema herpeticum,
disseminated molluscum contagiosum, or severe varicella-
zoster virus infection. However, in four patients, additional
skin lesions resembling epidermodysplasia verruciformis
(EV) were diagnosed. Those patients presented with pinkish
hypopigmented flat or atrophic papules (patient 1-1) (Fig. 2),
or tan to pink-colored macules and hyperkeratotic papules
(patients 2—1 and 3—1), over the trunk and extremities. Histo-
pathology of representative lesions showed hyperkeratosis
and acanthosis consistent with EV (Fig. 2). This particular
manifestation of human papillomavirus infections has not
been previously described for DOCKS deficiency.

Some cases initially drew clinical attention away from the
immune system. Patients 1-1 and 3—1 had prominent gas-
trointestinal symptoms. Patient 1-1 had poor growth, chron-
ic diarrhea, and active colitis as revealed by endoscopy.
Magnetic resonance (MR) cholangiopancreatography
showed portal vein dilatation, sclerosing cholangitis, and
thickened pancreatic parenchyma, which may be caused
by persistent giardiasis. Patient 4—1 also developed scleros-
ing cholangitis in the setting of persistent cryptosporidium
and giardia infections. Patient 3—1, who was previously
reported without a molecular diagnosis, was 6 years old
when admitted with chronic abdominal pain, bloody stools,
weight loss, and hepatomegaly [12]. Imaging revealed mul-
tiple nodules within liver lobes, gallbladder wall, left supra-
renal retroperitoneum, right lower quadrant intestines, and
lungs, and she was diagnosed with metastatic multifocal
leiomyosarcomatosis. She died 13 months later after limited
surgical resection plus treatment with cisplatin, adriamycin,
vincristine, and cyclophosphamide.

1 3
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DOCKS allele, respectively.
Numbers about the pedigrees
correspond to the family
identifiers, whereas patient
identifiers are indicated below
the symbols. A closed symbol
designates an affected
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probands; and slashes, deceased
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Another unusual case was illustrated by Patient 2—1 who
had prominent neurological features. Patient 2—1 presented
at age 9 with a 3x4 cm granulomatous lesion on her buccal
mucosa. Histopathology of buccal mucosa showed chronic
granulomatous inflammation and ulceration. Magnetic res-
onance imaging (MRI) demonstrated a T2-hyperintense le-
sion in the left buccal region and retromolar trigone. The
lesion had an ill-defined margin and showed enhancement
on post-Gadolinium (Gd) series (Fig. 3a, b). The oral lesion
improved after debridement and treatment with corticoste-
roids. However, during follow-up she developed dizziness
and unsteadiness while walking. She displayed nystagmus,
spasticity, increased deep tendon and pathological reflexes
bilaterally, and a wide-based spastic-ataxic gait. Cranial
MRI revealed bilateral pulvinar T2 hyperintensities on T2-
weighted imaging and cerebellar and cerebral volume loss
(Fig. 3c). BK and JC viral studies were negative. Over the
subsequent 9 months she partially improved without treat-
ment, but repeat cranial MRI disclosed a lesion that showed
rim enhancement and restricted diffusion on the left temporo-
occipital parenchyma (Fig. 3d, ¢). Imaging studies were sug-
gestive of an abscess and she was treated with wide-spectrum
antibiotics and antifungal agents. Despite these treatments, her
course was progressive. Histopathologic examination of exci-
sional biopsy via craniotomy performed 1.8 years after the
onset of neurological symptoms demonstrated an EBNA™
diffuse large B cell lymphoma. The patient received systemic
chemotherapy with high-dose methotrexate, cyclophospha-
mide, vincristine, prednisolone, intrathecal chemotherapy,
and cranial irradiation. She died 4 months after the diagnosis
of CNS lymphoma due to progressive disease.

Patients 1-1, 3-2, and 4—1 were treated with intravenous
immunoglobulin (IVIG), which markedly decreased their
frequency of infections and improved their skin lesions,
including those associated with HSV. Additionally, patients
4-2 and 1-1, who had matched related donors available,
underwent bone marrow transplantation 10 and 2 months
ago, respectively. Patient 4-2 is now healthy with resolution
of atopic dermatitis, viral and other recurrent infections. In
patient 1-1, skin lesions started to improve during pre-
conditioning chemotherapy and continued to clear after
bone marrow transplantation. For both patient 4-2 and 1—
1, details of their clinical progress after transplantation will
be reported in a separate manuscript. Patient 2—2 underwent
bone marrow transplantation at another medical center sev-
eral weeks ago. Patients 3-2 and 4-1 lack matched donors
and have not yet been transplanted.

Immunological Evaluations
Standard immunological evaluations were performed on

all patients with the exception of patient 2-2, for whom
we were unable to obtain peripheral blood. Values are

@ Springer

Fig. 2 Skin lesions in patient 1-1. Human papillomavirus-associated
pinkish, hypopigmented flat papules on dorsal hands a and buttocks b.
¢ Histopathology shows hyperkeratosis and acanthosis, with vacuolat-
ed cells in the stratum malpighii (arrow), keratinocytes having abun-
dant slightly basophilic cytoplasm (small arrow), and occasional large,
round, empty-appearing nuclei (arrowhead). Patients 2—1, 2-2, and 3—
1, had similar lesions

shown in Fig. 4 and summarized in Table II. Determi-
nations for Table II were made based upon the majority
of readings for any given patient, or if only two readings
were available, their average. All tested patients had low
numbers of CD4" T cells and high serum IgE (peaks ranged
from 412 to 20,000 IU/mL). Nearly all had decreased serum
IgM, variably impaired specific antibodies, and mild to mod-
erate eosinophilia. Several patients had T cell lymphopenia.
However, lymphocyte proliferation to T cell mitogens was
within normal limits, except for patient 3—1 who already had
multifocal leiomyosarcomatosis when tested. Serum IgG and
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Fig. 3 Cranial MRI in patient 2—1. a) Transverse T2 weighted (W) fat-
suppressed (/eff) and b) contrast enhanced (ce) fat-suppressed TIW
(right) spin-echo (SE) images, at initial presentation. A T2-
hyperintense and Gadolinium-enhancing lesion with irregular border
in the left buccal space and retromolar trigone is seen (arrowheads in a,
b). ¢). Transverse T2W turbo SE images, at 5 months, show bilateral
pulvinar T2 hyperintensities (arrowheads) and cerebral volume loss. d)
Axial Gadolinium-enhanced TIW SE shows a lesion with rim en-
hancement (long arrow). e) Axial diffusion-weighted imaging (DWI),
at 18 months, shows hyperintensity in the parenchyma and in the
lesion, especially at the periphery

IgA were elevated in several patients. NK cell numbers were
decreased in one patient, but neither CD8" T cells nor B cells
were consistently decreased in any patient, and in a few
patients B cells were instead increased. Retrospective statistical
analysis of all patients in the literature in which ethnicity was
reported showed that lymphopenia affecting CD4" T cells,
CDS8" T cells, and B cells occurred less frequently in Turkish
as compared to non-Turkish patients (Table IIT). Overall, im-
munological findings were similar to previous observations in

other DOCKS8-deficient patients, except that in the Turkish
cohort lymphopenia occurred less frequently and was primar-
ily restricted to CD4" T cells, and T lymphocyte proliferation
to mitogens was normal.

Genetic Evaluations

We found novel homozygous DOCKS mutations and large
deletions in the genomic DNA of our seven additional
patients (Table II). These were predicted to alter splicing
(family 1), introduce premature termination with probable
nonsense-mediated decay (family 2), alter protein structure
(family 3), or lead to loss of protein expression (family 4).
For families 1 and 3, in which effects were not obvious, we
performed additional experimental validation. We found
that in family 1, the mutation in the consensus 5' splice
donor site of exon 20 yielded an aberrantly spliced, smaller
product (Fig. 5a). Sequencing of cDNA showed that this
product corresponded to an in-frame deletion of 55 amino
acids just after the conserved DHR1 domain (Table II). In
family 3, the cysteine to arginine missense mutation in exon
35 between the conserved DHR1 and DHR2 domains was
predicted to exert protein destabilizing effects. When equiv-
alent amounts of plasmid encoding either mutant or wild-
type DOCKS were overexpressed in 293 T cells (which do
not endogenously express DOCKS), the level of mutant
DOCKS protein was markedly decreased (Fig. 5b and data
not shown). Thus, in all cases, the mutations resulted in loss
of normal DOCKS expression with predicted loss of func-
tion, as is characteristic of this disease.

We next studied the immediate families of the seven
patients (Fig. 1). All living family members were healthy, with
no history of serious viral infections, bacterial infections, skin
infections, atopic dermatitis, asthma, allergies, or malignancy.
The living family members were either homozygous for the
normal DOCKS8 gene or heterozygous carriers, and these
genotyping results are shown in the pedigrees below each
corresponding family member (Fig. 1). A sibling of patient
1-1 died at 40 days of age with vomiting and abdominal
distension. Because of a lack of additional clinical features
to support a diagnosis of DOCKS deficiency, we considered
this death to be unrelated. By contrast, a sibling of patients 2—1
and 2-2 who had similar skin lesions died at age 10 years
because of an intra-abdominal tumor, whom we judged as
likely to have been affected with DOCKS deficiency. No
DNA samples were available from these two deceased indi-
viduals for genotyping.

It has been assumed that the autosomal recessive inheritance
and lack of discernable symptoms in tested carriers are consis-
tent with a fully penetrant model of disease. However, prior
studies have been limited to four fully genotyped families,
raising the possibility of ascertainment bias [2]. When data
from those families are combined with data from our four
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Fig. 4 Peripheral blood enumerations of lymphocyte subsets, quanti-
tative serum immunoglobulin isotypes, and eosinophils. Patient 1-1,
open circle; patient 2—1, open square; patient 3—1, cross; patient 3-2,
X; patient 4—1, open inverted triangle; patient 4-2, filled-in circle.
Shaded in grey are the ranges for normal age-matched controls. For

additional families, we observed that all individuals either
homozygous for the normal DOCKS allele (n=6) or heterozy-
gous for the mutant DOCKS allele (n=26), who ranged from
ages 4 to 49 years old, were healthy. Furthermore, of 15

@ Springer

lymphocytes and their subsets, published 10th to 90th percentiles are
shown in grey. For immunoglobulin isotypes, the 95% confidence
interval is shown. For eosinophils, arbitrarily thresholds for mild,
moderate, and severe eosinophilia are as indicated

individuals who were homozygous for the mutant DOCKS
allele, all 15 developed disease, supporting a disease penetrance
of ~100%. Nevertheless, as illustrated by our patients, the range
of disease manifestations varied, depending upon patient age.
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Table III Lymphopenia in Turkish as compared to non-Turkish DOCKS8-deficient patients

Turkish Non-Turkish
Lymphocyte subset # Affected # Unaffected % Affected # Affected # Unaffected % Affected P-value*
CDA4 T cells 15 8 65 24 0 100 0.0016
CD8 T cells 5 17 23 16 8 67 0.0037
NK cells 8 14 36 12 10 55 NS
B cells 0 23 0 9 15 38 0.0016

Numbers of affected or unaffected DOCKS8-deficient patients, who have lymphopenia of the indicated lymphocyte subsets

*P-value calculated by Fisher’s exact test. NS, not statistically significant

Discussion

DOCKS mutations are responsible for a combined immuno-
deficiency that was formerly characterized as autosomal
recessive HIES. A total of 52 patients reported in the liter-
ature, including our seven additional patients, had homozy-
gous or compound heterozygous DOCKS mutations [1, 2,
6—11]. Their most common findings are summarized in
Table IV. Patients typically present with intractable cutane-
ous viral infections, atopic dermatitis often accompanied by
otitis externa or Staphylococcus aureus skin infections, recur-
rent respiratory tract infections, mucocutaneous candidiasis,
allergic disease, as well as high serum IgE, low serum IgM,
eosinophilia, and lymphopenia [1, 2, 5]. Gastrointestinal
infections, malignancies, and neurological abnormalities have
been sometimes reported in DOCKS8 deficiency. However, the
EV-like skin lesions, liver and pancreatic abnormalities, leio-
myosarcoma, and CNS lymphoma in our additional patients
have not been previously described in this disease. Interest-
ingly, the increasing constellation of features seemed to reflect
increasing patient age, consistent with the progressive nature
of this disease (Table I).

The differential diagnosis for DOCKS deficiency includes
autosomal dominant HIES caused by ST473 mutations, as well

A B

Patient

MW  Control

Wildtype C1447R

1500bp — Plasmid: ‘hocks DOCKs
750 —
-acti

Fig. 5 DOCKS expression data for mutations in patients from families
1 and 3. a) PCR amplification of exons 19 to 24 of DOCKS from
cDNA shows a smaller product from patient 1—1, which corresponds to
an aberrantly spliced mRNA. b) Immunoblotting shows destabilized
DOCKS protein in 293 T cells that have been transiently transfected
with a plasmid encoding the full-length mutant (C1447R), as compared
to wildtype, DOCKS. Patients 3—1 and 3-2 only express this mutant
form of DOCKS8
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as other conditions that can be associated with high serum IgE,
with or without lymphopenia, such as Comél-Netherton syn-
drome, Wiskott-Aldrich syndrome (WAS), IPEX (Immuno-
dysregulation, Polyendocrinopathy, Enteropathy, X-linked)
syndrome, acquired immunodeficiency syndrome (AIDS),
and severe combined immunodeficiency (SCID). Comel-
Netherton syndrome, due to autosomal recessive SPINKS
mutations, features a distinctive “bamboo” appearance of the
hair shaft (trichorrhexis invaginata), as well as eczema, allergic
disease, recurrent bacterial infections of the skin, respi-
ratory and gastrointestinal tracts, particularly with Staph-
ylococcus aureus, high IgE, and impaired functional
antibodies [13]. WAS, due to mutations in the X-linked
gene WAS, can present in boys with eczema, bloody diarrhea
associated with thrombocytopenia, recurrent sinopulmonary
infections, skin viral infections including HSV and molluscum
contagiosum, autoimmunity, hematological malignancy, and
immune abnormalities including high IgE, low IgM, variably
impaired functional antibodies, and progressive T cell lym-
phopenia with decreased T cell proliferation [14]. IPEX, due
to mutations in the X-linked gene FOXP3, also presents in
boys with eczema, allergic disease, Staphylococcus aureus
sepsis, high IgE, and eosinophilia [15]. AIDS can present with
pruritic dermatitis, Staphylococcus aureus skin infections,
mucocutaneous candidiasis, eosinophilia, high IgE, and
CD4" T cell and sometimes B cell lymphopenia [16]. “Leaky”
SCID causing Omenn’s syndrome, usually due to autosomal
recessive RAG1/RAG2 mutations, presents with erythro-
derma, recurrent infections, autoimmunity, eosinophilia, high
IgE, low IgM, and variable lymphopenia [17]. Opportunistic
infections such as CMV, Pneumocystis jirovecii, or EV-like
skin lesions are also remarkable in WAS, AIDS, or SCID [18]
and can occur in DOCKS deficiency.

Other considerations in the differential diagnosis include
EV and WHIM (Warts, Hypogammaglobulinemia, Infec-
tions, Myelokathexis) syndrome, which do not present with
high serum IgE. WHIM syndrome, due to autosomal dom-
inant CXCR4 mutations, can also present with lymphopenia
involving B cells and sometimes T cells [19]. EV, an HPV
genodermatosis, due to autosomal recessive EVERI/EVER2
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Table IV Frequency of findings in DOCK8-deficient patients reported
in the literature

Feature Number of % of patients
patients affected®  affected
Virus infections, 1 or more 46 88
HSV 28 54
MCV 19 37
HPV 19 37
\VAY% 13 25
Respiratory tract infections 49 94
Atopic dermatitis 46 88
Bacterial skin infections 34 65
Mucocutaneous candidiasis 28 54
Gastrointestinal tract infections 6 12
Cancers 9 17
Neurological abnormalities 11 21
Low serum IgM 38° 75
High serum IgE 50° 98
Eosinophilia 46° 92
CD4 T cell lymphopenia 42° 84
CD8 T cell lymphopenia 22¢ 45
NK cell lymphopenia 21°¢ 45
B cell lymphopenia 9° 18

#Total number of patients evaluated was 52 except where indicated.
P of 51 patients evaluated. ©of 50 patients evaluated. ¢ of 49 patients
evaluated. ¢ of 47 patients evaluated

mutations, generally does not feature cell-mediated immune
defects [20]. It is possible that other case reports of EV with
high IgE, low IgM, and lymphopenia, but lacking confir-
matory mutational analyses, were instead cases of DOCKS
deficiency [21-23].

Given that the clinical phenotype of DOCKS deficiency
overlaps with many other disorders and also shows varied
features among patients even within the same family, addi-
tional immunological testing can be a useful adjunct for
diagnosis. However, our results, expanding upon previously
published work, also demonstrate heterogeneity of the cel-
lular phenotype among patients. For example, although
CD4" T cell lymphopenia appeared nearly universal in all
patients, involvement of other lymphocyte subsets occurred
less frequently in Turkish patients. Thus, in cases where
immunological testing remains equivocal, genetic sequenc-
ing is essential to establish a diagnosis. Although most
patients have large deletions, or smaller point mutations or
indels that cause nonsense-mediated decay of mRNA or pre-
mature terminations, mutations that result in abnormal or
destabilized protein with loss of normal DOCKS expression
also can occur. Identification of additional cases and
research for disease-modifying genes or environmental

factors will aid in future management of this clinically
heterogeneous disease.

Conclusions

Our seven additional patients extend the clinical phenotype
and help establish that DOCKS8 deficiency is highly pene-
trant with variable multi-organ disease manifestations, and
that disease complications, which include CNS involvement
and development of malignancy, are associated with in-
creasing patient age. Immunologically, our patients provide
additional evidence of gene modifier or environmental fac-
tors that modulate the effects of lymphopenia on different
cellular subsets. Furthermore, our additional patients estab-
lish for the first time that disease can be associated with
DOCKS8 mutations that alter protein structure or stability.
Together, this knowledge will improve the diagnosis of
patients and aid in their management. Once patients are
diagnosed, aggressive antimicrobial treatment, treatment
with IVIG, and cancer surveillance are indicated. Further-
more, allogeneic hematopoietic cell transplantation, which
was reported as curative in four patients, also resulted in
rapid healing and clearance of viral and other infections in
our patients, and should be considered as early as possible
given the progressive course of the disease [6-9].
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