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A case of partial dedicator of cytokinesis 8
deficiency with altered effector phenotype
and impaired CD8" and natural killer cell
cytotoxicity

To the Editor:

Hyper-IgE syndrome (HIES) is a primary immunodeficiency
characterized by recurrent infections predominantly involving the
skin and lungs, chronic eczema, high serum IgE levels, and
eosinophilia. HIES has diverse modes of inheritance. Autosomal-
dominant HIES (Mendelian Inheritance in Man [MIM] no.
147060) is caused by mutations in the signal transducer and
activator of transcription 3 gene. Most cases of autosomal-
recessive HIES are caused by mutations in the gene encoding
the dedicator of cytokinesis 8 (DOCKS) (MIM no. 243700).
DOCKS deficiency is characterized clinically by recurrent viral,
fungal, and sinopulmonary infections.'* These patients also have
severe atopic dermatitis, allergies, and an increased likelihood of
developing cancer. DOCKS deficiency affects both innate and
adaptive immunity and causes combined immunodeficiency.

We present a patient who fulfilled clinical and immunological
parameters for HIES (see the Case report section in this article’s
Online Repository at www.jacionline.org). Mutations in the
signal transducer and activator of transcription 3 gene were ruled
out. At this stage, a DOCKS deficiency was suspected. Using
comparative genome hybridization, a heterozygous deletion of
exons 2 to 8 was identified in the DOCKS gene (see Fig El, A,
in this article’s Online Repository at www.jacionline.org).
Sequence analysis also demonstrated a heterozygous G >
A mutation at position +5 in the 5" splice donor site of intron
17 (AVS17+5 G>A) deleting the exon 17 (Genbank
KC736820). This alteration corresponded to a deletion in the
conserved DHR1 domain of the protein (Fig E1, B and C) and
was absent in 50 healthy donors. Some normal DOCKS tran-
scripts were present, indicating that the exon 17 splicing mutation
did not abrogate normal processing of this allele (Fig E1, D).
DOCKS transcript expression was lower in the patient than in con-
trols in PBMCs, as well as CD4 ™ and natural killer (NK) cells (Fig
El, E); however, the DOCKS protein was clearly detected in the
patient by Western blot, albeit at reduced levels. On the basis of
these findings, we conclude that this is a new case of partial
DOCKS deficiency (Fig E1, F).

Abnormalities in the T-cell compartment have been described
in classical DOCKS deﬁciency,z’4 and we decided to assess the
impact of a partial DOCKS deficiency on T-cell phenotype and
function. Our patient showed defective thymopoiesis with an
absence of T-cell receptor rearrangement excision circles,
reduced recent thymic emigrants, a restricted T-cell repertoire,
and decreased naive CD4™ T cells in PBMCs (Table I; see Fig
E2, A, B, and C, and Fig E3, A, in this article’s Online Repository
at www.jacionline.org). Furthermore, there was an increase in
plasma levels of IL-7 (Table I), which could reflect a compensa-
tory attempt to boost the expansion of recent thymic emigrants
cells to overcome the depletion of peripheral CD4 ™" T cells. Inter-
estingly, in spite of naive CD4 ™" T-cell lymphopenia, the patient’s
T-cell proliferation was unaffected and similar to that in controls
(Fig E3, B). This could be related to the nonexhausted phenotype
showed by the patient, with normal levels of T-effector memory
CD45RA (TEMRA) CD8" T cells (Fig E3, A), in contrast to
classical loss-of-function/expression of DOCKS$ in patients
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TABLE I. Immunologic features of the patient

Normal
Parameter range Patient
Lymphocyte count (no./uL) and phenotype (%) 1200-3000 888*
T cells
CD3" (/uL) 850-2250 603
CD4™ (/pL) 500-1450 375%
CD4*CD45RATCCR7" (naive) (%) 25-72 15%
CD4"CD45RACCR7"'~ (memory) (%) 28-68 82*
CDS8™ (/pL) 160-950 208
CD8*"CD45RA™CCR7" (naive) (%) 28-61 35
CD8"CD45RACCR7" (central 1-10 19%
memory) (%)
CD8"CD45RA"CCR7~ (effector 5-36 23
memory) (%)
CD8"CD45RA*CCR7~ (TEMRA) (%) 15-45 18
Activated T cells
CD3"HLA-DR" (%) 0-10 14%
CD4"CD45RO"HLA-DR™ (%) 3-10 19%
CD8*CD45RO"HLA-DR" (%) 5-14 6
NK cells
CD3~CD56™ (/pL) 60-500 54
iNKT Cells CD3"CD56"VB11 Va24 (%)  0.01-1.80 0.0%
B cells
CD19" (/uL) 100-500 194
CD19*7CD27" (%) 12-35 8
CD19"IgD"CD27~ (naive) (%) 57-84 88
CD19*IgD"CD27" (marginal) (%) 4-12 3%
CD19"IgD~CD27" (switched) (%) 7-25 5%
T-cell proliferation (cpm)
PHA >50,000 102,864
Anti-CD3 >9,000 30,212
Anti-CD3+ Anti-CD28 >80,000 151,548
Serum immunoglobulins
IgGt (mg/dL) 700-1600 1130
IgA (mg/dL) 70-400 4907
IgM (mg/dL) 40-230 11
IgE (IU/mL) 5-165 86
Specific antibodies
1gG vs Haemophilus (mg/dL) >4X prevalue Absent*®
1gG vs Pneumococcus (mg/dL) >5.40 2.93%
1gG2 vs Pneumococcus (mg/dL) >2.14 2.0*
IgG vs tetanus toxoid (IU/mL) >0.15 2.1
Serum IL-7 (pg/mL) 0.66-9.24 26%
TRECs (/ug DNA) 3806 <40%
IL-17] (pg/mL) 200-700 413
Eosinophils (X1000 wL) 0.0-0.5 0.2

IGI1V, Intravenous immunoglobulin; TREC, T-cell receptor rearrangement excision

circle.
*Altered values in the patient.
FIVIG replacement therapy.

$IL-17 levels in supernatants from PBMCs cultured 5 d with anti-CD3+anti-CD28.

presenting an exhausted phenotype with high levels of TEMRA
CD8" T cells impairing lymphocyte proliferation. The exhausted
phenotype could be associated with replicative senescence result-
ing from continuous antigen stimulation as seen in repeated viral
infections.”

CD8™ T-cell subsets were further assessed for the expression of
several molecules that change during differentiation from naive to
effector cells.”® The patient’s CD8* T cells showed dysregulated
expression of some of these markers. CD28, CD127, and CD27
expression on TEMRA CD8™ T cells was higher than that seen
in normal controls (P < .01). In contrast, these molecules were

LETTERS TO THE EDITOR 219

expressed at lower levels in classical DOCKS8 patients than in
normal controls® (Fig 1, A). Furthermore, the percentage of cells
expressing CD57 and cytoplasmic perforin in CD8" and in
TEMRA CD8" T-cells subset was much lower than in other
classical DOCKS patients* and even lower than that in controls
(P <.05) (Fig 1, B and C). That is, our patient’s TEMRA CD8”"
T cells showed an abnormal effector phenotype. In addition, the
levels of antiviral cytokines (IFN-y and TNF-a) produced by
his PBMCs were also comparable with those of controls (data
not shown). The increase in activated memory CD4 ™" T cells in
the patient (Table I) suggested that these cells could be more sen-
sitive to activation-induced cell death. In fact, his CD4" and
CD8" T cells were more sensitive to Fas-induced apoptosis.
Concomitant stimulation with PHA also induced more cell
death (see Fig E4, A, in this article’s Online Repository at
www.jacionline.org). Interestingly, the patient’s CD95 expression
in both CD4 " and CD8™ T cells was higher than levels seen in the
controls (Fig E4, B). The differences in CD95 expression mainly
affected naive CD4 " and CD8™ T cells (mean = SD, 42.8 + 14.1
vs 10.2 = 5.1 in controls, P =.03,and 48.9 = 23.5vs 5.8 = 5.61in
controls, P = .02, respectively) (Fig E4, C). These differences
were much greater for all markers tested after anti-CD3 stimula-
tion (Fig E4, B). The higher apoptosis and elevated expression of
activated markers could reflect a phenotype with sustained activa-
tion, in which naive cells also exhibit features of early activation.
Functionally, the degranulation of the patient’s CD8" T cells
using R69 target cells and anti-CD3 mAb was lower with respect
to controls, but these differences were not statistically significant.
In addition, patient’s CD8% T cells were significantly less
effective at killing R69 target cells than those from controls con-
trasting with the intact cytotoxicity in classical DOCKS patients’
(Fig 1, D).

NK cells from DOCKS patients did not polarize their lytic
machinery because of impaired synaptic F-actin accumulation at
the NK cell synapse, which is essential for cytotoxicity.” In this
case, NK lymphocytes have been gradually declining over the
life of the patient (data not shown). Furthermore, there is an
imbalance between CD356dimCD16™/~CD3~ (cytotoxic func-
tion) and CD56bright CD16™/"CD3 ™ (regulatory function) in
the patient’s NK subsets compared with controls (see Fig ES, A,
in this article’s Online Repository at www.jacionline.org). We
also performed phenotypic characterization of NK cells, and, spe-
cifically, surface CD16 and cytoplasmic perforin expression were
significantly lower in his NK cells than in those of controls
(see Table El in this article’s Online Repository at www.
jacionline.org; also see Fig E5, B). Overall, stimulation of NK
cells with K562 cells resulted in NK-cell activation characterized
by the upregulation of CD16, CD25, and CD69. The patient’s NK
cells showed lower mean fluorescence intensity for CD16 and
CD69 than did controls’ NK cells (Fig ES, B). Furthermore, his
NK degranulation and cytotoxicity were significantly lower
than in controls (Fig E5, C and D), in agreement with a recent
report.’

In summary, we describe a new case of partial DOCKS8
deficiency that presents a nonexhausted phenotype of CD8™ T
cells likely due to a milder clinical phenotype without life-
threatening infections. The altered effector phenotype and
impaired CD8 and NK cytotoxicity in this patient are probably
related to the essential role of DOCKS in the regulation of
actin dynamics and formation of the immunological synapse,
which is required for T-cell activation and acquisition of
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FIG 1. CD4" and CD8" phenotype and functional assays. A, Expression of CD28, CD127, and CD27
molecules on CD4* and CD8" T-cell subsets (mean + SD of 2 independent experiments). B and C, Dot plots
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effector functions.”® In contrast, there are other DOCKS defi-
ciencies defined as profound combined immunodeficiency by
the classical loss-of-function/expression of DOCKS that pre-
sent an exhausted T-cell phenotype with increased susceptibil-
ity to viral infections and a compromised immunosurveillance.
Overall, it would be advisable to study DOCKS patients in
depth characterizing the protein expression, phenotype, and
immune functions to be able to establish genotype-phenotype
correlations.
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Flow cytometry diagnosis of dedicator of
cytokinesis 8 (DOCKS3) deficiency

To the Editor:

Biallelic mutations in the dedicator of cytokinesis 8 (DOCKS)
gene cause autosomal-recessive hyper-IgE syndrome, a combined
immunodeficiency characterized by sinopulmonary infections,
skin and systemic viral infections, eczema, and food allergy.
DOCKS deficiency can lead to early death from infection and
malignancy.'” The disease is curable by hematopoietic cell
transplantation (HCT).> Thus, it is important to ascertain the
diagnosis of DOCKS deficiency to institute early treatment.

The vast majority of DOCKS8-deficient patients lack DOCKS8
expression and many have deletions in the DOCKS gene.'”
Confirmation of the diagnosis has relied on immunoblotting of
blood cell lysates and/or gene sequencing, techniques that are
not routinely available. We present here a flow cytometry assay
that could facilitate the diagnosis of DOCKS deficiency, detection
of carrier status, and investigation of lineage-specific DOCKS
expression following HCT.

The pedigrees of patients studied are shown in Fig E1 and their
mutations in Table E1 (see Online Repository at www.jacionline.
org). All studies were obtained after informed consent and
approval of the Boston Children’s Hospital Institutional Review
Board. Intracellular staining for DOCKS8 was performed on mono-
nuclear cells from peripheral blood or bone marrow (BM) using the
CytoFix/CytoPerm kit (BD Biosciences, San Jose, Calif), mouse
monoclonal anti-DOCKS (clone G-2, Santa Cruz Biotechnology,
Dallas, Tex, raised against amino acids 119-277), mouse IgG; iso-
type control (Biolegend, San Diego, Calif), and fluorescein isothio-
cyanate—conjugated rat anti-mouse IgG; (Biolegend). Expression
was calculated as the difference in mean fluorescence intensity
(AMFTI) between cells stained with anti-DOCKS antibody and iso-
type control; the results were analyzed as a percentage of AMFI of
healthy control assayed on the same day or in aggregate compared
with the average of all healthy controls (see the Methods section in
this article’s Online Repository at www.jacionline.org).

Expression of DOCKS could be detected by flow cytometry in
subsets of normal peripheral blood and in CD34 ™ BM cells (Fig 1,
A). DOCKS could not be detected by flow cytometry in T cells,

of CD57 and perforin expression on TEMRA CD8" T-cell subset. Columns show the expression of CD57 and
perforin in naive, memory, and TEMRA CD8™ T cells (mean = SD of 2 independent experiments). D, Degran-
ulation of CD8™ T cells: CD107a surface expression in CD8™ T cells after 6 hours of incubation in the presence
(ratio 1:5) (E:T) or absence (ratio 1:0) of R69 target cells. Furthermore, PBMCs were stimulated with anti-CD3
mAb for 2 hours and degranulation was evaluated as indicated above. Cytotoxicity of CD8" T cells: the
results represented the percentage of R69 cells positive for annexinV-FITC staining, as described by Ber-
nardo et al.” Columns show the mean = SD of 2 independent experiments. Statistical comparisons were
performed with unpaired Student t tests, with significance defined as a P < .05. FITC, Fluorescein

isothiocyanate.
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CASE REPORT

The child of nonconsanguineous parents, he was a healthy, full-
term infant. During his first year of life, he was diagnosed with
bronchial asthma and atopic dermatitis. At 4 years, he had severe
varicella and was later diagnosed with egg allergy. Since then, he
has had several episodes of pneumonia, which led to bilateral
bronchiectasis and mild-to-moderate obstructive lung disease. He
has also had recurrent acute otitis media and mild Molluscum con-
tagiosum around the penis. At 8 years, multiple and confluent flat
warts appeared on his upper chest, shoulders, and groin. Intrave-
nous immunoglobulin therapy was begun at age 9 years, which
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seemed to reduce the incidence of sinopulmonary infections.
Currently aged 20 years, he also has a history of Candida albicans
infection, recurrent angular cheilitis, chronic onychomycosis,
and epidermodysplasia verruciformis. Immunologic assessment
revealed moderate lymphopenia with decreases in CD4%
(mean = SD, 365 = 118/uL since 7 years old), NK and switched
memory B-cell levels. IgG and IgM were persistently low and IgA
high. Immunization with Streptococcus pneumoniae and Haemo-
philus influenzae induced low levels of antibodies and no
response, respectively (Table I).
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FIG E1. Molecular analyses in DOCK8 patient. A, CGH array showed copy number abnormalities consistent with heterozygous subtelomeric deletion of 9p
(red square) spanning exons 2 to 8. B, DNA sequencing detected a heterozygous mutation (IVS17+5 G>A) in DOCK8 gene of the patient. C, Schematic
diagram of the DOCK8 protein and the location of patient’s mutations. D, DOCK8transcript levels from the patient’s PBMCs relative to healthy controls. Quan-
titative RT-PCR was used with exonic primers and a specific probe. When specific primers for the amplification of exons 4 and 5 (representative of exons 2-8
deletion allele in the patient) were used, controls were found to have 2 copies (RQ = 1) and the patient only 1 (RQ = 0.5) corresponding to the allele with the
exon 17 deletion. When specific primers for the amplification of exons 16 and 17 (representative of exon 17 deletion allele in the patient) were used, controls
also presented 2 copies (RQ = 1), while the patient presented more than 1 (RQ = 0.7), corresponding to the allele with exons 2 to 8 deletion (RQ = 0.5) and
some normally spliced transcripts of the exon 17 allele (RQ = 0.2). GAPDH was used as the endogenous gene control. Data from 1 experiment using 3 healthy
donors. E, Patient DOCK8 gene expression levels in PBMCs, CD4", CD8", and NK cells are shown as relative expression with respect to that in normal cells,
which is normalized to 1. Data from 1 experiment using 3 healthy donors. F, Partial DOCK8 expression in the patient’s PBMCs. Western blot of DOCK8 and
B-actin protein expression from a healthy control and the patient. Densitometric analysis of relative DOCK8 expression (DOCK8/B-actin) = SD in 2 indepen-
dent experiments is shown. Statistical analysis was performed with unpaired Student t tests, with significance defined as P < .05. Zhang et al® presented
other case of partial DOCK8 expression among the 11 cases they described. DHR1, DOCK homology region 1; DHR2, DOCK homology region 2; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.
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FIG E2. Thymic function. A, Recent thymic emigrant lymphocytes measured as CD3"CD4"CD45RA*CD31" in the patient (circles) and in 6 age-matched con-
trols (squares). Statistical analysis was performed with unpaired Student t tests, with significance defined as P < .05. B, TCRV repertoire was determined by
flow cytometry in gated CD4" and CD8" T cells from PBMCs of the patient (tested twice) and in 10 age-matched controls. C, Genomic TCR VBJB rearrange-
ments were amplified in the patient using 2 different primer sets (VBJB-A and VBJB-B) and compared with a normal (polyclonal) control and 2 tumor T-cell
lines (monoclonal Jurkat or MOLT3) in the 240 to 280 bp range. Control T lymphocytes were polyclonal and thus showed a Gaussian fragment distribution
(polyclonal control in the figure). T lymphoid tumors such as Jurkat or MOLT3 are monoclonal and thus yield a single major peak (monoclonal control in the
figure). The results for the DOCK8 patient showed few peaks and did not follow a Gaussian distribution.

d011d3 3HL OL SH31131 €9°Lee

TONNWWI NITO ADYITIV I

L0z AINF


mailto:Image of Fig E2|tif

J ALLERGY CLIN IMMUNOL LETTERS TO THE EDITOR 221.e4
VOLUME 134, NUMBER 1

Patient Control
. - 100 P=.006
CD4Nai CD4Naiy
iv iv i
| CD4Memory 15;}{,9 w_|CDaMemory 32;%‘3 80 Patient
81,9% ... 62,8% El Controls

%CD4+ Cells

CCR7

= = w L L Naive Memory
CD45RA
Patient . Control w0n post Patient
P=37 Ml Controls
w-{CD8Memory ~ CD8Naive w-| CD8Memory ~ CD8Naive » £
46,0% 42,4% 38,1% 47,1% f' 40
o
N . e ; +
5 5 & ‘* §
o _js . : g
cDgTemra \cD8Temra
9,5% 13,1%
. L L L . x = s Memory
CD45RA
= »
3 1607 3 150 )
& 5 days 5 : - Patient
< ays 3
8 ——  40ays gaye § 4 Days Days Hl Control
£ 1009 < 100
c £
§ 5
5 s
= 50 2 50
B = 50
o 7
o w
0- [}
* ® ® ® I
T P P ¥ \al I S S\ S\ St )
XS XS XL ERXRF I F XIS
o o o 2 & &
& o4 o4 g & &
7 % % & § §

FIG E3. T-cell phenotype and function. A, Representative dot plots of CD4* and CD8* T-cell subsets
(mean = SD of 4 independent experiments). B, Lymphoproliferative capacity. PBMCs from the patient
and controls were labeled with CFSE and were either nonstimulated (ns) or stimulated with PHA or anti-
CD3 + anti-CD28 mAb. After 2, 3, 4, and 5 days of incubation, the percentage of CFSE dilution was depicted
in gated CD4" and CD8" T cells (tested once for 2 and 3 days and twice for 4 and 5 days of stimulation).
CFSE, Carboxyfluorescein succinimidyl ester.
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FIG E4. Higher expression of CD95 (Fas) correlated with higher sensitivity to Fas-induced apoptosis.
A, PBMCs were either untreated (0 hour) or treated with agonist anti-Fas mAb alone or with anti-Fas mAb
plus PHA, as indicated, for 6 or 24 hours. The percentage of apoptotic cells was measured by annexin V
labeling in gated CD4" and CD8™ T cells. B, PBMCs were not stimulated (ns) or stimulated with immobilized
anti-CD3 mADb (clone UCHT1) (anti-CD3) for 24 hours. The expression of several activation surface markers,
including CD95, was assessed in gated CD4" and CD8" T cells. C, Expression of CD95 in CD4" and CD8"
naive T-cell subset. The results shown in this figure are from 1 of 2 experiments performed.
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FIG E5. NK phenotype and functional assays. A, Relative differences between NK-cell subsets of the patient
compared with healthy controls. B, Percentage of cells expressing perforin in NK cells (left panel). NK cells
were stimulated overnight with K562 cells (or without K562) and mean fluorescence intensity for CD16,
CD25, and CD69 expression was calculated. The columns represent fold change in the patient relative to
the control. Data are representative of 2 independent experiments (right panel). C, Degranulation of NK
cells: CD107a surface expression in NK cells after 6 hours of incubation in the presence (ratio 1:1) (E:T) or
absence (ratio 1:0) of K562 target cells. Columns show the mean *= SD of 2 independent experiments.
Furthermore, PBMCs were stimulated with PHA for 2 hours and degranulation was evaluated as indicated
above. D, Cytotoxicity of NK cells: the results show the percentage of K562 cells incorporating 7-AAD
(mean *= SD of 2 independent experiments, ratios 7:1 and 8:1 were only tested once). Statistical
comparisons were performed with unpaired Student t tests, with significance defined as P < .05.
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TABLE E1. Expression of NK markers in the DOCKS8 patient and

healthy controls

Patient Controls P value
CD16 74.1 = 2.5 93.4 + 04 .008
CD25 109 1.3 £0.8 NS
CD69 8.9 £ 45 14.8 = 15.8 NS
DNAM-1 948 = 1.1 96.0 = 3.7 NS
CD11b 99.0 = 0.4 99.8 = 0.1 NS
NKp44 8.6 £34 24 £05 NS
NKG2D 96.7* 99.1 = 0.21 —
NKp46 95.8 = 2.6 972 +24 NS
NKp30 92.8 = 4.2 95.7 = 2.6 NS

Data are expressed as mean = SD and represent the percentage of NK cells staining
positive for each molecule. All tests were repeated twice unless indicated otherwise.

NS, Not significant.
*Tested only once.
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