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polarization. Moreover, an extreme reduction of memory B cells was detected, despite a normal/
increased proportion of immunoglobulin-secreting cells.

These observations indicate that DOCK8-deficient patients display a distinctive immunophenotype
which is characteristic of this form of HIES.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Hyper-immunoglobulin E syndrome (HIES) is a rare primary
immunodeficiency characterized by high IgE serum levels.
This disorder is mostly due to the autosomal dominant form
of Hyper IgE syndrome (AD-HIES) caused by de novo
dominant-negative mutations in the signal transducer and
activator of transcription 3 (STAT3) [1-5]. A recessive form
of the disease (AR-HIES) has also been characterized and
associated with mutations in the loci encoding dedicator of
cytokinesis 8 (DOCK8) or, in a very limited number of
patients, tyrosine kinase 2 (TYK2) [6—9]. AD-HIES patients
are often characterized by staphylococcal cold abscesses
and skeletal or dental abnormalities [6,10], while AR-HIES
usually features T-cell lymphopenia and viral infections
[11,12]. But, HIES patients do not necessarily present with
typical clinical manifestations, especially in childhood.

In the present study we analyzed the T- and B-cell
immunophenotype of seven DOCK8 deficient patients. Our
observations demonstrate both a distinctive expansion of
CCR4 activated T cells and a profound reduction of memory
B cells, despite a normal or even increased proportion of
immunoglobulin secreting cells. This suggests a possible role
of activated T cells in the pathogenesis of the B cell
dysfunction that is observed in DOCK8-deficient patients.

2. Methods

EDTA-treated blood samples were collected from thirteen
HIES patients, in keeping with the Declaration of Helsinki
and according to protocols approved by the Hospital Ethical
Committee.

Immunophenotypes were determined using whole blood and
standard protocols with mixtures of FITC/PE/PerCp-Cy5.5/APC
fluorochrome-conjugated commercial mAbs (Suppl. Methods).
Quantification of regulatory T cells (CD4+, CD25", FOXP3+) was
performed on Ficoll-Paque-isolated PBMC (Suppl. Methods).
Determination of Th17 cells was performed by quantitation of
cells expressing IL17A but not IFNgamma, after stimulation of
CD4+ lymphocytes with anti-CD3 and anti-CD28 monoclonal
antibodies plus IL-2 (Suppl. Methods).

The patients' ages ranged from 3 to 36 years (see Table 1),
with six STAT3- (PS1-PS6) and seven DOCK8-deficient patients
(PD1-PD7) having a median of 12.2 and 11.9 years, respec-
tively. Healthy age-matched controls were nine adults and 30
children (range 2—-37 years; median age 13.0 years). Statisti-
cal comparisons of groups were performed using the Kruskal—
Wallis nonparametric test, followed by Dunn's multiple
comparison test. The level of significance was p < 0.05.

At least 5 pg of genomic DNA were isolated from blood
samples and used for genetic analyses (Suppl. Methods). PHA
T-cell blasts were generated and cultured for patients PD1—

PD7. RNA and protein extracts were isolated from lympho-
blasts and used to examine DOCK8 transcripts and DOCK8
protein expression, respectively (Suppl. Methods).

3. Results and discussion

Thirteen individuals were enrolled, from ten unrelated
families, with elevated serum IgE, eczema, pulmonary and
mucocutaneous infections and staphylococcal abscesses. Six
of them (PS1-PS6) displayed heterozygous mutations of
STAT3 (Table 1) [3,4]. In the remaining patients, exome
sequencing (PD4-PD6) [9] and dideoxy sequencing (PD1-
PD7) revealed homozygous mutations in DOCK8 (Table 1)
that prevented the generation of the normal primary
transcript, thus causing absence or marked reduction of
protein expression (Supplemental Figure).

Absolute leukocyte counts showed several abnormalities
in DOCK8-deficient patients. Neutrophil counts were in-
creased in patients PD1-PD3, PD5, while PD1-PD3, PD5 and
PD7 had eosinophilia, and PD4-PD5 and PD7 had lymphope-
nia (Table 1) [13].

Evaluation of CD4+ T-cell maturation profile by flow
cytometry revealed a significant decrease (p < 0.01) of naive
cells (CD45RA+, CCR7+) [14] and recent thymic emigrants
(RTE) (CD45RA+, CCR7+, CD31+) [15] in DOCK8-deficient
patients, compared to the control group and to STAT3-
mutated patients (mean 16.5 + 15.7% vs. 54.3 + 14.3% and
62.0 + 14.8%, respectively, for naive cells; 13.6 + 13.5% vs.
44.4 + 13.6% and 50.5 + 12.4%, respectively, for RTE) (Fig. 1A
columns 1-6 and Supplemental Table). Among CD4+ memory
subsets a significantly increased proportion of effector T cells
(CD45RA-, CCR7-) [14] was noticed (mean 56.5 + 22.0% vs.
17.2 + 7.7%, p < 0.001, for healthy controls, and 14.0 + 7.0,
p < 0.01, for STAT3-mutated patients) (Fig. 1A columns 1012
and Supplemental Table). A similarly altered ratio between
naive and memory cells was also observed in CD8+ lympho-
cytes of DOCK8-deficient patients, which displayed a mean of
4.9 £ 4.2% for naive cells vs. 45.5 + 19.1% (p < 0.001) and
48.2 + 28.5% (p <0.05) for healthy controls and STAT3-
mutated patients, respectively (Fig. 1B columns 1-3 and
Supplemental Table); a mean of 52.4 + 21.3% for effector
cells vs. 26.5 + 11.6% (p < 0.05) and 23.7 + 13.2% (N.S.) for
healthy controls and STAT3-mutated patients, respectively
(Fig. 1B columns 7-9 and Supplemental Table).

Comparison of absolute cell counts confirmed a severe
deficiency of thymic output in DOCK8-deficient patients; in
fact, both CD4+ RTE and naive CD8+ cells of DOCK8-deficient
patients were markedly reduced compared to the age-matched
control group and STAT3 patients (mean 81 + 101c/mm3
vs. 540 + 318c/mm3, p<0.001, and 978 + 828c/mm?,



Table 1  Clinical and immunological features of DOCK8- and STAT3-deficient patients at diagnosis.

DOCK8 STAT3
PD1 PD2 PD3 PD4 PD5 PD6 PD7 PS1 PS2 PS3 PS4 PS5 PS6
Mutation in c.325-2_ c.1-2_ Exon30 Exon26 Exon26 Exon26 c.325_1664 Exon 21 Exon 21 Exon 21 Exon 10 Exon15 Exon 13 c.
genomic 1475+7  624+2del  ¢.3804_  c.3193delA c.3193delA c.3193delA del c.1909G/A* c.1979T/G? c.1909G/A® c.1025G/A° c.1294G/C° 1144C/T®
DNA del 3805delAT
Amino acid p.exon p.0 p.Leu1268 p.Ser1065 p.Ser1065 p.Ser1065  p.exon p. p. p. p. p. p.
change 5-13del LeufsX2 AlafsX17¢  AlafsX17¢  AlafsX17¢  5-15del Val637Met? Met660Arg® Val637Met? Gly342Asp? Val432Leu® Arg382Trp¢
Arg492
LysfsX35
Sex F F F M M M M F F F M M F
Age at 7 3 7 13 16 27 10 36 15 3 25 3 5
diagnosis
(y)
Status Alive Deceased’ Alive Alive Deceased® Alive Alive Alive Alive Alive Alive Alive Alive
Consanguinity — - + + + + ? - - - - - -
IgE U/ml 6510 35200 >5000 >5000 171 NA >5000 1290 >5000 1590 15420 >5000 3130
IgG U/ml 1169 672 1110 2010 1110 NA 1560 1060 1810 282 1404 819 741
IgA U/ml 157 59 120 930 310 NA 216 101 77 29 151 44 30
IgM U/ml 89 86 32 25 43 NA 18 75 259 68 67 86 89
WBC" 14860 21580 15600 6880 12820 7900 8760 5750 5020 10260 5820 21150 6134
(cells/pl)
Neutrophils ~ 9496Me" 9926Meh  8736Me" 5194 8204"eh 5767 3540 2900 2400 2400 2677 8690"e" 2067
(cells/pl)
Eosinophils ~ 1980Me" g8157M¢"  2810™¢" 250 1666ME" 395 2820Men 300 540 400 524 2517Mieh 200
(cells/pl)
Lymphocytes 2348 2156 3120 600'°% 740 °% 1438 1430'°" 2000 4040 4220 1920 7650™e" 3570
(cells/ul)°
cD3 1256 1423 1894 160" 448'°% 1140 970w 1348 2606 3207 1574 5760"h 3052
(cells/pl)’
CD4 657 939 740 89w 312 249'°% 165'°% 732 886 2101 1299 3923Mieh 1999
(cells/pl)’
CD8 383 370 678 46'°% 48 335 600 450 852 709 222 1215 687
(cells/pl)’
CD19 533 582 484 173" 2 101 257 119 945high 755 257 1377 336
(cells/pl)’

& Mutation resides in the SH2 domain of STAT3.
P Mutation resides in the DNA-binding domain of STAT3.
¢ Mutation described in Ref. [9].
9 Mutation described in Ref. [10].
€ Mutation described in Ref. [4].

f Anaphylactic shock.

¢ During chemotherapic treatment of a T-cell lymphoma, as described in Ref. [9].

" White blood cells.

! Reference values in Ref. [13].
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p < 0.001, respectively, for RTE cells, and 12 + 12c/mm?3 vs.
302 + 209c/mm?3,p < 0.001, and 336 + 385c/mm?3, p < 0.001,
respectively, for CD8+ naive cells) (data not shown). Despite the
increased mean percentage and absolute cell count of RTE and
naive T lymphocytes, and, consequently, a decrease of effector
subsets, no significant differences between STAT3-mutated
patients and healthy controls were observed in the T-cell
subsets as evaluated in the present study (Figs. 1A-B and
Supplemental Table).

We observed that T-cell activation markers, such as HLA-DR
and CD25, were expressed by a larger proportion of CD4+ T
cells in all DOCK8-deficient patients, as compared to control
subjects and STAT3-deficient patients (mean 45.3 + 12.7% vs.
7.4 +5.0% p<0.001, and 9.9 + 5.0% p < 0.05, respectively,
for HLA-DR; 43.5+10.2% vs. 17.1+7.8% p<0.001, and
17.0 + 8.8% p < 0.05, respectively, for CD25) (Fig. 1C columns
1-6 and Supplemental Table). A similar increase was noticed
for CD4+ cells expressing CCR4+, a chemokine receptor that is
associated with Th2 commitment [16] (mean 59.1 + 14.1% in
DOCK8-deficient patients vs. 23.0 + 8.7% in the healthy control
group and 14.8 + 4.6% in STAT3-deficient patients, respective-
ly, p<0.001) (Fig. 1C columns 7-9). Most of the CD25+
activated T cells in DOCK8-deficient patients co-expressed
CCR4 (mean 36.9 + 8.8% on total CD4+ cells in four patients vs.
10.3 + 4.5% p < 0.05 in ten healthy controls and 3.1 + 2.2%
p <0.01 in three STAT3 patients, respectively) (data not
shown). Expression profile of DOCK8-deficient patients was
similar to the one observed in Omenn syndrome, a primary
immunodeficiency characterized by marked Th2 polarization
(Fig. 1D) [17]. Quantification of the proportion of CD4+ cells
expressing the Th1-associated chemokine receptor CXCR3 [18]
did not reveal any statistically significant difference between
the three groups (data not shown), thus suggesting that the
T-cell hyper-activation observed in DOCK8-deficient patients is
mainly aimed at Th2 differentiation.

Quantification of regulatory T cells (Tregs) in patients PD1
and PD4-6 did not reveal any significant difference of Treg
numbers compared to the age-matched healthy donor group
and to four STAT3 patients (mean 4.4 + 0.83% vs. 6.2 + 2.8%
and 5.6 + 0.98%, respectively) (see also Supplemental Table).
Analysis of FOXP3 expression intensity and Treg suppressive
ability were also tested in patients PD4-6, and found to be
normal as already reported [9]. Quantification of Th17 cells in
patients PD2-3 and PD7 showed that the proportion of cells
expressing interleukin-17A, but not IFN-gamma, by activated
CD4+ cells was reduced, although not significantly, in DOCK8
patients (0.12 + 0.09%) as compared to the healthy donor group
(0.68 + 0.34%); by contrast, Th17 values in DOCK8 patients
were more similar to the ones observed in the six STAT3 patients
(0.05 + 0.04%) (Supplemental Table).

Comparison of the B-cell compartment showed a signif-
icant reduction of CD27+ memory B cells between both AR-
and AD-HIES patients and healthy controls, as previously
reported [19-21] (Fig. 1E upper row). This defect affected
both marginal zone (MZ) like as well as switched memory
cells, identified as IgD+, IgM+ and IgD-, IgM-cells, respec-
tively, in the gate of CD27+ memory cells [22,23] (Fig. 1F
columns 1-6). In DOCK8-deficient patients reduction of
memory B cells was particularly severe as compared to
values observed in healthy controls (mean percentage of
MZ-like and switched cells were 1.70 + 1.51% and 0.82 +
0.78%, respectively, vs. 11.8 £ 6.6% and 8.7 + 6.3% for the

healthy donor group, p <0.001) (Supplemental Table). A
marked reduction of these subsets was also observed by the
analysis of absolute cell counts (mean 6.4 + 7.1c/mm?3 vs.
36.6 + 18.6c/mm3, p < 0.001 for MZ-like cells and 2.0 +
1.4c/mm?3 vs. 23.8 + 12.4c/mm3, p <0.001 for switched
cells) (data not shown). STAT3-mutated patients displayed
a less severe reduction of memory B cells (3.75 + 3.57%
and 2.43 + 1.13% for MZ-like, p < 0.01, and switched cells,
p < 0.05, respectively) (Fig. 1F columns 1-6) together with a
significantly lower percentage of plasmablasts/plasmacells
(CD20- CD38+++ CD27+++) [24,25], as compared to the control
group (mean of 0.73 + 0.56% vs. 1.96 = 1.42% on total B cells,
p < 0.05) (Fig. 1E lower row, 1F columns 7-9 and Supplemen-
tal Table). Instead, the mean percentage of DOCK8-mutated
patients was even higher (3.01 £ 2.91%).

Herein, we report the T and B immunephenotypic analysis
of thirteen patients affected by the two most common forms
of HIES. Only three patients among them displayed a
reduction of total lymphocyte and T cell counts, implying
that the use of these parameters to identify potential
DOCK8-deficient patients may be misleading. Both the two
forms of the disease are characterized by an impaired
memory B-cell maturation, but DOCK8-deficient patients
displayed a more severe reduction of the memory B cell
compartment (p < 0.001 for both MZ-like and switched cells)
and maintained the ability to generate a normal or even
increased number of effector B cells (plasmablasts and
plasmacells). Recognition of this B cell phenotype in patients
with elevated IgE will probably be useful not only to
distinguish DOCK8-deficient patients from normal subjects
with atopic disease [19], who present a normal number of
memory B cells, but also from AD-HIES patients, in which
dysregulation of B-cell maturation seems more permissive
for memory B cell differentiation, but considerably affects
also the generation of effector cells. It is likely that the
severe reduction of switched memory B cells in DOCKS-
deficient patients could be associated with a higher
frequency and severity of infections as compared to AD-
Hyper IgE syndrome patients, but this hypothesis was not
evaluated in this study due to the limited number of
patients. In contrast to the observation reported in a recent
paper by Alsum et al. [26] of an increased occurrence of
autoimmunity in DOCK8-deficient patients, our cohort of
patients did not show any clinical sign of autoimmunity over
the course of the study, despite the high number of effector
B cells detected. On the other hand, neither in vitro test nor
serum analyses were assessed to evaluate autoantibody
production. The high number of effector B cells and the
adequate IgG serum levels observed in our cohort of AR-HIES
patients may also suggest a normal antibody production,
although assessment of functional antibody response (vaccine-
specific titers) was not available. Of note, impaired antibody
responses against both viral and bacterial antigens have been
reported in DOCK8-deficient patients [12].

Although B cell immunophenotyping revealed some
differences between AD-HIES and DOCK8-deficient patients,
the peculiar distribution of the T-lymphocyte subsets
observed in the latter group of patients provided an even
more unambiguous analytical strategy to differentiate
between the two groups. In fact, a detailed characterization
of T-cell subsets demonstrates that the presence of a poor
naive and RTE compartment is a unique trait of patients with
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Figure 1  Peripheral blood T- and B-cell immunophenotyping in two groups of patients affected by hyper-IgE syndrome due to
genetic alterations in DOCK8 or STAT3 genes. Panels A—B: comparison of T-cell subsets between STAT3 and DOCK8 patients and 39
age-matched healthy controls. Percentage of naive, recent thymic emigrants (RTE), central and effector memory cells are taken into
account for CD4+ lymphocytes (panel A), while percentages of naive, central and effector memory, and terminally differentiated
cells are reported for CD8+ lymphocytes (panel B). Healthy controls (O), STAT3 patients (A) and DOCK8 patients ([J). Panel C-D:
comparison of T-cell activation and Th2 commitment between STAT3, DOCK8 and 23 healthy controls (age range: 8-35 years).
Percentage of CD4+ lymphocytes expressing activation markers such as HLA-DR (left) and CD25 (center) or the Th2-associated
chemokine receptor CCR4 (right) are presented for healthy controls (O), STAT3 patients (A) and DOCK8 patients ((J) (panel C).
Exemplificative dot plot panels of CD4+ gated cells that account for the level of activation in Th2-committed cells (upper right
quadrant) in STAT3 and DOCK8 patients compared to a normal individual and a patient suffering from Omenn syndrome (panel D).
Panels E-F: Representative dot plot panels showing the percentage of CD20+ gated B cells displaying a memory immunophenotype
(CD27+) (upper row), and the percentage of CD19+ gated cells displaying a plasmablast/plasmacell immunophenotype
(CD20-CD38+++) (lower row) in a healthy control, one STAT3 and one DOCK8 patient (panel E). Comparison of memory and
terminally differentiated B-cell subsets between STAT3 and DOCK8 patients and 39 age-matched healthy controls. Percentages of
MZ-like and switched memory cells as well as plasmablasts/plasmacells are presented for healthy controls (O), STAT3 patients (A)
and DOCKS patients ([]) (panel F). Numbers of subjects analyzed for each group are indicated in parenthesis. *p < 0.05, **p < 0.01,
***p < 0.001.
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Supplemental methods

DOCK8 mutations in patients PD1, PD2, PD3, PD7 were identified by Sanger sequencing as
described™. Direct sequencing of DOCK8 exons was performed using the BigDye Terminator Kit
(Applied Biosystems, Foster City,CA) and the sequences were analyzed on a BioEdit software
(BioEdit sequence alignment editor). Patients PD4, PD5, PD6 were identified by exome sequencing
(Ref 9) and confirmed by Sanger sequencing as described above.

Total RNA was extracted using the RNeasy Mini Kit (Qiagen, Milan, Italy) according to the
manufacturer’s instructions. 1 pg of DNase-treated total RNA was used to synthesize the first
strand of cDNA by the GeneAmp®RNA PCR kit (Applied Biosystems). The DOCK8 gene was
amplified by PCR by using 14 paired primers (conditions and primers available upon request).

Cells were lysed in RIPA buffer and complete protease inhibitor (Roche). Cytosolic Lysates was
prepared according to standard procedures, separated on 4-12% TRIS-acetate gels (Invitrogen) and
transfer onto nitrocellulose. Nitrocellulose membranes were first blocked for 1h at room
temperature in TBST containing 5% dry milk and then incubated for 1h in the presence of specific
primary Abs. Polyclonal rabbit anti-DOCK8 and anti-actin were purchased from Sigma-Aldrich.
Detection was carried out using HRP-conjugated anti-rabbit 1gG (Amersham Biosciences) and
reveadled using the LiteAblot—-EuroCloneECL (Euroclone) according to the manufacturer’s
instructions.

Immunophenotypical analyses were performed staining 100-200 ul of whole blood with appropriate
mixtures of FITC/PE/PerCp-Cy5.5/APC fluorochrome-conjugated commercial monoclonal
antibodies (mADbs). The following combinations of mAbs were used for T lymphocyte subset
anayses. anti-CD45RA FITC (eBioscience), CCR7 PE (eBioscience), CD4 or CD8 PerCP-Cy5.5
(Becton Dickinson) and CD31 APC (Miltenyi) were used for quantification of CD4+ and CD8+
subsets; specifically, CD4+ or CD8+ T lymphocytes were isolated with a specific gating strategy,
then CD45+CCR7+ naive, CD45RA-CCR7+ central memory, CD45RA-CCR7- effector memory
and CD45RA+CCR7- terminally differentiated cells were separated by a quadrant gate; finally the
percentage of CD31+ RTE cells were determined on the CD4+ naive population.

The following combinations of mAbs were used for T lymphocyte activation/commitment
determinations. anti-CD3 FITC (Becton Dickinson), HLA-DR PE (Becton Dickinson) or CD25 PE
(BioLegend), CD4 PerCP-Cy5.5 (Becton Dickinson) and CD8 APC (Becton Dickinson), were used
to determine the percentage of HLA-DR or CD25 positive cells on both CD4+ and CD8+ gated T
cells; anti-CXCR3 or CCR4 FITC (R&D systems), CD25 PE (BioLegend), CD4 PerCP-Cy5.5
(Becton Dickinson) and CD3 APC (Becton Dickinson), were used to determine the percentage of



CD25-CCR4 or CD25-CXCR3 double positive cells after isolation of CD4+ T lymphocytes using a
proper gating strategy.

The following combinations of mAbs were used for B lymphocyte subset analyses. anti-IgD FITC
(Serotec), CD27 (Becton Dickinson), CD20 PerCP-Cy5.5 (Becton Dickinson), and IgM APC
(Becton Dickinson) were used for quantification of MZ like (IgD+IgM+) and switched memory
(IgD-1gM-) cells efter isolation of CD27+ cells (Fig. 1F upper panel) on the B lymphocyte (CD20+)
gate;, CD20 FITC (Becton Dickinson), CD138 PE (Miltenyi), CD38 PerCP-Cy5.5 (Becton
Dickinson) and CD19 APC (Becton Dickinson) were used for quantification of effector cells which
are gated as CD20-CD38" (Fig. 1F lower panel) on the B lymphocyte (CD19+) gate, and are further
separated in plasmacells based on CD138 positivity.

Analyses of regulatory T cells were performed on PBMC obtained from 1 ml of periphera blood
after Ficoll-Pague density gradient centrifugation. Firstly, PBMC were stained with CD25 PE
(BioLegend), CD4 PerCP-Cy5.5 (Becton Dickinson) and CD127 APC (eBioscience). Then, half of
the cells were used for intracellular staining of Foxp3 mAb and half for staining the appropriate
isotype control (both Biolegend). The intracellular staining was performed according to the
manufacturer’s protocol using a specific Fix/Perm buffer set (Biolegend).

Analyses of Thl7 cells were performed on activated CD4+ isolated cells. PBMC were initialy
isolated with a Ficoll-Paque density gradient centrifugation from 5 ml of peripheral blood, then,
CD4+ cells were isolated with a positive selection using magnetic beads (Miltenyi). Isolated cells
were cultured for 4 days in a 24 well plate at a density of 5x10° cells per well with interleukin-2
(20U/ml) (Peprotech) plus coated anti-CD3 mAb (5 pg/ml) and anti-CD28 mAb at the
concentration of 750 ng/ml (both Becton Dickinson), directly in the culture medium. After 84 hours
of culture, phorbol myristate acetate (PMA) (100 ng/ml) and ionomycin (750 ng/ml) (both Sigma)
were added to the culture medium. Finally, brefeldin A (Sigma) at a final concentration of 10 ng/ml
was added to the culture medium four hour before the cell staining. Stimulated cells were collected,
washed and surface stained with a CD4 PerCP-Cy5.5 (Becton Dickinson) mAb. The intracellular
staining was performed using fix&perm cell permeabilization reagents (Caltag) according to the
manufacturer’s protocol, incubating with interleukin-17A Alexa 488 and interferon gamma PE
mADbs (both eBioscience).

After staining blood samples were lysed and fixed. Then, they were acquired on a FACScalibur
flow cytometer (Becton Dickinson) and analyzed using the FlowJo software version 8.8.6
(TreeStar).



Supplemental figure: schematic representation of DOCK 8 mutations and their effect on

protein expression in patients PD1-PD7.

(A) Frameshift deletion of exons 5-13 of DOCKS8 in PD1. (B) Deletion from UTR5’ to exon 7 of
DOCK8 in PD2. (C) AG deletion in exon 30 in PD3. (D) Adenosine deletion in exon 26 in PD4-
PD6. (E) Frameshift deletion of exons 5-15 of DOCKS8 in PD7. (F) Immunoblot of PHA-blasts
lysates of two healthy controls (lanes 1 and 6) and PD1-PD3, PD7 patients blotted with an anti-
DOCKS8 (upper panel) and an anti-actin (lower panel) polyclonal antibody.



Supplemental table. Percentage of T- and B-cell subsets of DOCK8- and STAT3-deficient patients compared to the range of the healthy donor
group.

CD4+ subsets CD8+ subsets CD4+ markers T Thi7 B cell subsets
Neve | RTE | cCent.M.| Eff.M. | Naswve | Cent.M.| Eff.M. [Term.Diff|HLA-DR+| cD25+ | ccRa+ re MZ like | Sw.Mem.| PB/PC
Patients
PD1 15.0 111 30.6 52.2 4.8 19 354 57.6 458 487 65.0 4.4 na 2.37 0.24 8.76
PD2 27.7 20.8 17.0 47.0 33 01 14.1 825 515 524 49.0 na 0.06 4.82 097 435
PD3 420 374 17.9 38.7 53 03 56.5 38.0 41.0 404 4238 na 0.22 0.89 048 1.34
PD4 46 39 16.0 775 108 14 64.3 234 485 420 718 53 na 0.98 0.87 1.04
PD5 9.3 8.2 55.0 35.0 9.6 8.8 58.0 236 40.2 46.9 82.0 33 na 0.50 041 1.49
PD6 0.4 0.4 9.1 895 01 5.2 794 153 66.0 227 515 4.6 na 0.79 2.48 3.66
PD7 157 109 182 59.5 03 03 58.8 40.6 24.0 51.1 51.8 na 0.07 156 0.30 0.46
Mean 165 136 234 56.5 49 2.6 524 40.1 453 435 50.1 4.40 0.12 170 0.82 301
SD 157 135 153 22.0 4.2 33 213 234 127 102 141 0.83 0.09 151 0.78 2,91
PSL 614 56.2 26.9 114 47.1 121 329 7.9 9.9 169 163 37 0.02 104 3.80 143
PS2 36.3 286 36.6 25.1 106 18 24.9 62.8 182 26.0 109 10.0 0.08 429 153 1.39
PS3 57.7 45.0 212 185 na na na na 6.3 106 155 na 0.02 2.30 2.80 0.70
P4 725 517 1338 123 66.5 11 176 14.9 111 204 9.2 6.3 0.04 373 336 043
PS5 79.1 63.8 163 4.3 837 2.0 4.7 95 33 8.0 223 na 0.01 1.60 2.32 0.34
PS6 64.8 57.8 210 126 33.0 2.0 383 26.7 107 113 149 4.7 0.10 0.20 0.80 0.10
Mean 62.0 50.5 226 14.0 48.2 38 237 244 9.9 17.3 14.8 5.60 0.05 3.75 243 0.73
SD 14.8 124 8.2 7.0 285 4.7 132 227 5.0 8.8 46 098 0.04 357 113 0.56
CTRLS
CTRLAU[ 39 39 39 39 39 39 39 39 23 23 23 14 15 39 39 39
Mean 54.3 44.4 247 17.2 455 4.4 265 232 7.4 17.1 23.0 6.20 0.68 118 8.68 1.96
SD 143 136 9.9 7.7 19.1 2.9 116 167 5.0 7.8 8.7 2.80 0.34 6.60 631 142
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