41 of 60 patients with autosomal-recessive hyper-IgE

syndrome carry deletions and point mutations in DOCKS
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: vesuinil. The Hyper-lgE Syndromes (HIES) are rare primary immunodeficiencies with
soth autosomal dominant (AD)' and autosomal recessive (AR)? forms. However, most
Jatients are sporadic cases. Approximately 60-70% of patients with hyper-IgE syndrome
1ave dominant mutations in STAT3, and a single patient was reported to have a
1omozygous TYK2 mutation®. In the remaining hyper-IgE syndrome patients, the genetic
setiology has not yet been identified.

M +<- We almed to identify a gene that is mutated or deleted in AR-HIES.
45 We performed genome-wide single nucleotide polymorphism analysis for nine

subjects with AR-HIES to locate copy number varlations and homozygous haplotypes,
‘ollowed by candidate gene sequencing in additional patients. We have now analysed
20CK8 by homozygosity mapping, PCR analysis and sequencing in a total of 60 patients

§ubtélom;:ric homozygous (ARH001-ARH004) or compound heterozygous
‘ARH005) microdeletions were identified in five patients at the terminus of
shromosome 9p. In all patients the deleted interval involved DOCKa.
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Figure I. A. ROMA data demonstrating copy number abnormalitics consistent with subtelomeric deletions of 9p in AR-
HIES. Genome-wide SNP Nsp 250k arrays were used. B HIES paticnt delctions and known and Ercdiclcd genes at the
crminus of chromosome 9p. C9orf66: open reading frame: 'AM13SC: noncoding RNA gen (1)4: transcription factor:
TBWD: protein with cobalamin binding domain and nuclease function. DOCKS (dedicaior of cytokinesis 8): protein
mplicated in the regulation of the actin cytoskelcton

Subsequently, 55 more patients were analysed for homozygous or compound
1eterozygous DOCKS deletions and point mutations. Twelve patients from
sonsanguineous parents were excluded from DOCKS8 mutation analysis, because
1omozygosity mapping with microsatellite markers revealed heterozygosity at the
DOCKS locus, making DOCK8 mutations unlikely.

zxonic deletions were shown by the failure to amplify exons from genomic DNA
2y PCR. Single exon deletions were confirmed by cDNA sequencing.
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Figure 3. Confirmation of single cxon deletion
(exon 46) by cDNA sequencir i

“igure 2. The lack of PCR products from paticnts” DNA
ompared to control DNA suggcsts exonic deletions.

Yoint mutations were detected by genomic DNA and/or cDNA sequencing.
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figure 4, Point mulation in DOCKS exon 12 as shown by gcnomi}: DNA scqucﬁ_cing

E). cDNA scquencing, however, shows a d bp deletion following the point mutation (F).

Ihis can best be explained by the generation of a eryptic splice site (G).

Figure 5. DOCKR protein
expression in PBMCs

19 of 43 families (41 of 60 patients) carry mutations/deletions in DOCKS8

2 other
(3 patients)

21 deletions
(27 patients)

6 point mutations
(11 patients)

« Large deletions

Including several genes:
4 families (4 pts)

Including several exons:
11 families (13 pts)

s Single exon deletions

+» Stop codon
3 families (3 pts)

+ Probably chromosomal
transiocation
1 family (2 pts)

« Retained intronic bps
1 family (1 pt)

+ Splice site mutations
Donor: 1 family (4 pts)
Acceptor: 1 family (1 pt)
Cryptic splice site:
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Figure 6. A. Proliferative responses {47 1Eakantan 1
of PBMCs to ant(i]-(’ D3 mAb i « India | 1]
| treatment (A) and anti-CD3 + anti- | _— Mexico 1
| CD28 mAb stimulation for 3 days { e x &
(B). Shaded area: respective H Origin of DOCK8

| unstimulated cell population deficient patients

Skin disease
Skin abscesses: 26/36 pls (72%)
Candidiasis: 26/31 pts (84%)

Severe atopic dermatitis, often colonized
with Staphylococcus aureus: 36/38 pis {95%)

R ory - Upper or lower RTI: 100%

Upper respiratory tract infections: 33/36 pls {92%)
Recurrent pneumonia: 28/35 pts (80%)
Bronchiectasis: 11/31 pts (35%)

CNS features - 13134 pts (38%)
Meningitis: 4 pts
CNS vasculitis: 3 pts
Encephalitis: 1 pt
Stroke: 3 pt

Dillusion scan

Atopy Fungal abscess: 1 pt
Multiple allergies (food, environmental, drug): Vfascular aneurysm; 1 pt |
20/26 pts (17%) JC virus-associated PML: 2 pts

Asthma: 11/21 pts {52%)

Viral infections - Severe, recurrent and partially mutilating viral infections: 34/39 pls (87%)

Fapovivyidee
Papillomaviruses  Polyomaviruse:

Iﬁt;iluscuni éontagiosum: 15397pts {:!831 ) -
= e ~ HPV: JC virus: |
9/39 pts (23%) 2139 pts (5%) |
i

9 pts (617}
HSV: 17/39 pts (44%)
VZV: 8/39 pis (21%)
CMV: 2/39 pts (5%)
EBV: 1/39 pts (3%)

Herpes: skin infection, conjunctivitis,

okt

keralilis i i
CMV: relinits, meningilis, pneumonia Oral papilloma virus s;t\?‘v:"-lts. e
EBV: pneumnonia infection :1p
b HCV: 1pt
Bacterial infections — 15/17 pts (88%)

g::]lm decreased l_.[‘“"“.?!..] increased

Proteus mirabilis (3 pts)

Staph. aureus (8 pts) Eosino- 2035 pls. 8% | 32435 pls: 91%
E. coli (3 pts) Staph. pyogenes (1 pt) phils
H. influenzae (2 pts) Staph. epidermidis (1 pt) CD3+ 1122 pis. 50% | 11:22 pts. 50%
Pseudomonas (2 pts) Strep. pneumoniae (2 pts) Lo o
- CDd+ T gls, 32% 1722 pis 4%

Klebsiella pneumoniae (2 pts)
Moraxella catarrhalis (1 pt)

Listeria monocytogenes (1 pt)

11720 pis. 85% s, 20%

Mycobagtetia 821 plas 38% | 1N2E ple; B2%
Others Tuberculosis {1pt) 418 ple: 22% | 12AB pls. 12% | 1718 plsi 6%
Poor growth/failure to thrive: 9 pls PR E_'_‘_°"!"E{'j héreasad

Malabsorption and diarrhea: 1 pt

Dental cavities/chronic periodontitis: 2 pts

Squamous cell carcinoma: 2 pts, Burkitt lymphoma: 1 pl

Autoimmune hemolytic anemia: 1t

Hepatomegaly: 2 pts; Thrombopenia: 1pt

Osteomyelitis: 2 pts
=

- 1138 pls; 3%

17/21 pts; 81%
15721 pls; 74%
6/21 pts; 29%

37/38 pts; 7%
4721 pts; 19%
2121 pis; 10%

4121 pts; 19%
15021 pis; 71%

DOCKS is likely to function as a guanine-nucleotide

| exchange factor (GEF) for the Rho.GTPases Cdc42 an

' Rac1, turning them into the active, GTP-bound form
upon receptor engagement (e.g. receptor tyrosine
kinases, antigen receptors and adhesion receptors)®®.
An unknown protein possibly stabilizes the interactior

| of DOCKS8 with Cdcd2 and Rac1. GTPase activation

" induces dynamic filamentous actin rearrangements ar
lamellipodia formation, possibly via WASP, leading to
cell growth, migration and adhesion. Given the clinica
phenotype of the AR-HIES patients with DOCK8
deficlency, we propose an important role of DOCKS8 in
T-cell actin dynamics, which might be important for th
formation of the Immunological synapse, leading to T

Grvett tatar
ragled

oo
asniasies
; e
d

.
gt

: syrapen faomates
[

Sl
danayion | grawih

LS
5 famllles (7 pts) 1 family (3 pts) TR D, mie cell activation, proliferation, and differentiation.
» 2 bp deletion — ; e s e oo
1 family (3 pts) sU ¥ We found homozygous or compound heterozygous mutations and deletions in DOCK8 in 41 out of 60 patients with AR-HIES,

originating mainly from Turkey and the Middle East. This is the largest cohort of its kind to date of genetically defined AR-HIES. Our finding is

_Eomplemenggg by the work of Zhang

and colleagues, who published mutations in DOCKS in a coho

atients with a‘simitarxphgnoiype"‘.
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