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ABSTRACT
Background Subtelomeric deletions and duplications
may cause syndromic disorders that include features of
immunodeficiency. To date, no phenotype of
immunological pathology has been linked to partial
trisomy 19. We report here on two unrelated male
patients showing clinical and laboratory signs of
immunodeficiency exhibiting a duplication involving
Chromosome 19p13.
Methods Both patients underwent a detailed clinical
examination. Extended laboratory investigations for
immune function, FISH and array comparative genome
hybridization (CGH) analyses were performed.
Results The reported patients were born prematurely
with intrauterine growth retardation and share clinical
features including neurological impairment, facial
dysmorphy and urogenital malformations. Array CGH
analyses of both patients showed a largely overlapping
terminal duplication affecting Chromosome 19p13. In
both affected individuals, the clinical course was marked
by recurrent severe infections. Signs of humoral
immunodeficiency were detected, including selective
antibody deficiency against polysaccharide antigens in
patient 1 and reduced IgG1, IgG3 subclass levels and
IgM deficiency in patient 2. Class-switched B memory
cells were almost absent in both patients. Normal
numbers of T cells, B cells and natural killer cells were
observed in both boys. Lymphocytic proliferation showed
no consistent functional pathology, however, function of
granulocytes and monocytes as assessed by oxidative
burst test was moderately reduced. Moreover, natural
killer cytotoxicity was reduced in both patients.
Immunoglobulin substitution resulted in a decreased
number and severity of infections and improved thriving
in both patients.
Conclusions Partial trisomy 19p13 represents a
syndromic disorder associating organ malformation and
hitherto unrecognised immunodeficiency.

INTRODUCTION
Numerical chromosomal aberrations have long
been known to be potentially associated with
primary immunodeficiency. Well-known syndromes
include trisomy 21 as well as Turner’s syndrome
(45, X0) (reviewed in1). In addition, a number of
chromosomal microdeletion syndromes have been
described with known immunodeficiency pheno-
type, including DiGeorge phenotypes associated

with 22q11.2 or 10p13-14 microdeletion1 2 or
Wolf-Hirschhorn syndrome (4p partial deletion).1 3

By contrast, microduplication events have
rarely been associated with immunodeficiency.
Microduplications within the short arm of chromo-
some 19 are rare: between 1980 and 2010, a total
of 10 patients with partial trisomy 19p13 have been
reported.4–13 We here present an extension of
the phenotype of partial trisomy 19 involving
Chromosome 19p13. Two unrelated patients of
non-consanguineous background with known syn-
dromic features associated with partial trisomy 19
additionally displayed a marked immunodeficiency
status prompting immunoglobulin (Ig) substitution
therapy. In syndromic disorders, obvious organ mal-
formation or dysfunction may be the leading clinical
phenotype and thus mask immunodeficiency.

METHODS
For Methods including cytogenetics please see the
online supplementary material.

Patient presentation, clinical course and
immunological investigations
We report on two independent patients from two
different University Clinics in Austria, whose simi-
larities were noticed in the context of an ongoing
collaboration within the Austrian Society of
Pediatric Immunology.

Birth, anatomical malformations and growth
Patient 1, a 7-year-old boy was born prematurely in
the 32nd week of gestation after an uneventful
pregnancy (32+2 weeks, intrauterine growth
retardation (IUGR), caesarean section, oligohy-
dramnion) with 990 g body weight (<3%), 34 cm
body length (<3%), and a head circumference of
26.5 cm (<3%); his APGAR score was 8/9/9; he
was discharged from neonatal intensive/intermedi-
ate care at the chronological age of 8 weeks. He is
the second child to non-consanguineous healthy
parents of Turkish descent aged 34 years (mother)
and 40 years (father). The second patient, a now
2-year-old boy, was born prematurely as the second
child of a 29-year-old Austrian mother and a
35-year-old Austrian father after an uneventful
(third) pregnancy at 31+1 weeks of gestational age
(IUGR, caesarean section, APGAR 7/8/9, 660 g
birth weight (<3%), 34 cm length (<3%), 26.5 cm
head circumference (<3%)); dismissed from
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neonatal intensive/intermediate care at 3 months of chrono-
logical age (corrected gestational age: 42+6 weeks). Growth
parameters, weight and head circumference of both patients
have remained below the third centile, recent measurements are
presented in table 1. The parents and siblings of both patients
are healthy, and the extended family histories are negative for
syndromic disorders or immunodeficiency.

Upon birth, both patients showed visible organ malformations
including microcephalus, facial dysmorphism including flat nasal
bridge, telecanthus, short upslanting palpebral fissures, low set
ears, long philtrum, narrow lips, micrognathia (figure 1A,C), as
well as urogenital malformations, a perineal hypospadia in patient
1 (figure 1B) and glandular hypospadia, horseshoe kidney, cryptor-
chism (table 1), camptodactylia on both feet of toes II, III, IV and
overlapping of right third/fourth toes (figure 1D) in patient 2.

Clinical course and neurodevelopmental status
In his 1st year of life, patient 1 suffered from a bilateral incar-
cerated inguinal hernia and thus had to undergo surgery.
Additionally, he showed developmental hip dysplasia type IVa,
which was surgically treated by Pemberton’s acetabuloplasty. At
the age of 5 years, hypospadia required surgery whereupon a
penoscrotal fistula was detected that could not be fully
corrected.

An extensive neurological examination in the 2nd year of life
(chronological age: 18 months) showed profound neurological
impairment and motor plus mental retardation. Neuropaediatric

examination revealed muscular hypotonia, reduced muscle
strength, brisk deep tendon reflexes, negative Babinski sign; fur-
thermore, at 18 months the boy was unable to sit, to crawl, nor
to stand free; and, without further specification, the neuro-
logical report mentions showed reduced fine motor skills and
speech/language retardation., Testing of the sensory system and
cerebellar function was unfeasible. Moreover, a strabismus con-
vergens alternans of the left eye was noted at the age of
18 months. Additionally, moderate bilateral sensorineural
hearing loss was detected by brainstem evoked response audi-
ometry (summarised in table 1). Cranial MRI showed a hypo-
plastic inferior vermis and a slightly extended temporal lobe
(data not shown). Furthermore, the patient suffered from
EEG-verified epilepsy (habitual primarily generalised seizures,
EEG pathology III°) treated with valproate, which resulted in
decrease of frequency of seizures (not shown). Later neuro-
logical evaluations focused on the antiepileptic treatment, while
ongoing physiotherapy and ergotherapy have been aiming to
improve the psychomotor situation. Dysphagia prompted the
implantation of a percutaneous endoscopic gastrostomy tube at
the age of 6 years. Because of a severe osteopenia (z score: −4.6
(0.26/cm3)) resulting in a pathological fracture at the age of
6 years, he is treated with bisphosphonate intravenously (18 mg)
every 3 months.

Similar to patient 1, patient 2 suffered from inguinal hernia
leading to bilateral herniotomy at 3½ months of age. He was
noted to have a persisting ductus arteriosus with marginal

Table 1 Genetic and clinical synopsis of two patients with partial trisomy 19 (19p13.3)

Patient 1 Patient 2

Cytogenetic aberration 46,XY.ish der(14)t(14;19)(p11.2;p13.2)de novo; partial trisomy of
the telomeric part of the short arm of chromosome 19, which is
translocated to the short arm of chromosome 14

46,XY.ish der(16)t(16;19)(p13.3;p13.3)
balanced translocation;
array-CGH: microduplication 19p, microdeletion 16p

Chromosomal break points
(min-max)

(arr(hg19) 19p13.3p13.2(90 897–7 300 043)×3) (arr(hg19)16p13.3(106 271–1 024 153×1),
19p13.3(327 273–6 887 622×3)

Size (max) 7.2 Mb (19p) 6.56 Mb (19p) and 0.92 Mb (16p)
Gestational age (week+day);
APGAR

32+2; IUGR, caesarean section, anhydramnion;
8/9/9; RDS

31+1; IUGR, caesarean section;
7/8/9; wet lung;

Birth weight (g; percentile) 990; <3% 660; <3
Birth length (cm; percentile) 34 ; <3% 34; <3
Birth head circumference (cm;
percentile)

26,5:<3% 23,5; <3

Current age and growth status;
body weight/length/head
circumference

Current age: 7 8/12 years
19 kg; <3%/110 cm; <3%/n.d.

24 months;
7,77 kg; <<3%/75 cm; <3%/42 cm; <<<3%

Head and neck face, ears, eyes,
nose, mouth

Microcephalus, flat nasal bridge, telecanthus, low set ears, and
long philtrum, strabismus convergens alternans

Microcephalus, flat nasal bridge, telecanthus, short upslanting
palpebral fissures, long eyelashes, strabismus, hypermetropia, long
philtrum, narrow/thin lips, micrognathia and pharyngeal instability;
strabismus, hypermetropia

Cardiovascular Unremarkable Persisting ductus arteriosus of borderline haemodynamic relevance
Abdomen Bilateral incarcerated inguinal hernia Bilateral inguinal hernia
Genitourinary Perineal hypospadia (grade IV) Snodgras surgery (at 5 years of

age); penoscrotal fistula (urethral stent at 6 years)
Glandular hypospadia (grade I), hydrocele vaginalis testis;
maldescensus testis; horseshoe kidney

Skeletal Severe osteopenia (z-score: −4.6 [0,26/cm3]), developmental
dysplasia of the hip IV A Pemberton’s acetabuloplasty

Camptodactylia of both toes II, IV and V with overlapping of the right
IVth toe

Skin, nails hair Unremarkable Sparse hair (borderline normal at 24 months), clubbed nails and skin
Neurological Profound motor and mental retardation, brainstem evoked

response audiometry (BERA): sensorineural hearing loss, habitual
primarily generalised seizures (EEG-verified epilepsy, pathology
III°) cranial MRI: hypoplastic inferior vermis and a slightly
extended temporal lobe, otherwise normal.

Profound motor and mental retardation; mild muscular hypotonia;
automated auditory brainstem response (AABR-ALGO): normal.
Two short generalised seizures in the context of suspected meningitis,
EEG basal activity inadequate, otherwise normal, no focal activity;
cranial MRI: multiple diffuse hyperintense white matter lesions,
pronounced atrophy, hydrocephalus e vacuo, normal corpus callosum,
microcystic lesion in basal ganglia; otherwise normal.

IUGR, intrauterine growth retardation; arr cgh, array comparative genome hybridization; RDS, respiratory distress syndrome.
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haemodynamic relevance. Because of delayed motor and mental
development (see below), progressive failure to thrive and
feeding problems, intensive physiotherapy and ergotherapy was
provided, additional nasogastric tube feeding with formula diet
was initiated at 8 months and percutaneous gastrostomy was
performed at 20 months. Like patient 1, he is neurologically
and intellectually impaired with profound psychomotor retard-
ation and muscular hypotonia (eg, sitting and belly sliding/
crawling only at 2 years of age; grabbing a spoon without ability
to use it), speech delay (vocalising only syllables like ‘da’ at
2 years), pharyngeal instability, microcephalus, had neonatal sei-
zures treated with barbiturate for 10 days and two generalised
seizures in the context of suspected meningitis leading to tem-
poral antiepileptic treatment with levetiracetam, from 18
months to 21 months of age. Denver test analysis at 2 years of
age revealed social contact abilities corresponding to 15 months
and motor skills corresponding to 6–9 months. Basal EEG activ-
ity was found to be mildly abnormal without focal activity, and
in CNS-MRI profound atrophy with multiple diffuse white
matter lesions and microcystic alterations of the basal ganglia
were detected (table 1). Additionally, patient 2 suffers from
hypermetropia and divergent concomitant strabismus, largely
resembling patient 1; however hearing tests were normal.

Clinical signs of immunodeficiency and immune dysregulation
Both patients fulfilled the classical and revised criteria of a
primary immunodeficiency disorder with frequent infec-
tions14–17 and showed laboratory signs of immune dysregula-
tion. Starting from the age of 3 weeks after birth, patient 1
developed recurrent invasive bacterial infections including epi-
sodes of sepsis; a proven Staphylococcus capitis sepsis at the
age of 1½ years was followed by a severe urosepsis at 3 years.
Apart from two episodes of pneumonia, chronic relapsing pro-
ductive bronchitis with laboratory signs of bacterial infections
recurred more than eight times per year, requiring inpatient
admittance and intravenous antibiotic treatment. Moreover,
the boy suffered from recurrent urinary tract infections pos-
sibly related to the hypospadia, with microbiological evidence
of extended-spectrum beta lactamase (ESBL)-positive-positive
Escherichia coli infection on two instances. Considering the
clinical history of repeated severe bacterial infections in this
patient, laboratory investigations revealing selective antibody
deficiency and decreased numbers of class-switched B cells (see
below),18 he was started on intravenous immunoglobulin
(0.4 g/kg, at monthly intervals) at 5 years of age. This resulted
in a significant decrease in the occurrence of infections, espe-
cially of the upper respiratory tract and lower respiratory tract.

Figure 1 Images of phenotypical
details. (A) facial dysmorphy and
(B) perineal hypospadia in patient 1.
(C) facial dsymorphy including long
philtrum and narrow lips and (D)
syndactylia of right third/forth toes in
patient 2.

256 Seidel MG, et al. J Med Genet 2014;51:254–263. doi:10.1136/jmedgenet-2013-102122

Chromosomal rearrangements

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

edgenet-2013-102122 on 15 January 2014. D
ow

nloaded from
 

http://jmg.bmj.com/


Patient 2 suffered from relapsing viral bronchiolitis and
required frequent hospitalisations for intravenous antibiotics
because of recurrent severe infections (invasive pneumonia, fre-
quent episodes of febrile otitis media, bronchitis with bacterial
superinfection, two episodes of suspected meningitis with sei-
zures required intensive care (see table 1). Upon immunological
investigations hypogammaglobulinaemia was diagnosed and
immunoglobulin substitution commenced according to evidence-
based guidelines for the treatment of primary antibody deficien-
cies.18 Intravenous immunoglobulin treatment was used from
20 months of age (0.4 g/kg monthly) and switched to subcutane-
ous Ig substitution (SCIG; 160–200 mg/kg weekly), resulting in
reduced frequency and severity of infections and improved thriv-
ing. Recently, patient 2 developed protracted enteropathy with
calprotectin concentrations in stool >1800 mg/g (normal <50
mg/g), which may potentially indicate inflammatory bowel
disease and awaits further evaluation by endoscopy and histology.

Immunological laboratory investigations
Both patients showed clear signs of humoral immunodeficiency
in accordance with the clinical pattern of infections and presence
of autoantibodies: in patient 1, global immunoglobulin levels and
IgG subclasses were adequate for age (tables 2 and 3), but specific
antibodies against pneumococcal antigens remained low after
vaccination (table 3). Despite absence of clinical signs of auto-
immunity, positive antinuclear and anticytoplasmatic autoanti-
bodies (ANA and ANCA, resp.) were detected in patient 1 (table
2). Basic cellular immunological findings showed no overall
quantitative alterations in T cell, B cell or natural killer (NK) cell
counts. In order to further investigate the capacity of patients’ B
cells to perform a class switch and develop memory responses,
CD27 expression and IgD expression were investigated as
described previously.19 20 This revealed that class switched B
memory cells were reduced (table 4, figure 2A). In patient 2,
humoral immunological abnormalities were more pronounced:

overall IgG levels were mildly reduced with clear reduction of
IgG1 and IgG3 subclasses and IgM, while IgA was normal (tables
1 and 3). Moreover, patient 2 had highly increased
anti-double-stranded DNA antibodies (32 IU/mL; normal 0–15
IU/mL) and subclinical autoimmune thyroiditis on repeated occa-
sions with high concentrations of thyroperoxidase antibodies
(>1000 U/mL, normal: 0–60 U/L), thyroid stimulating hormone
receptor antibodies (>100 U/L, normal: 0–15 U/L; table 4) and
mildly increased thyroid stimulating hormone 5.89–8.6 mU/mL
(normal 0.1–4.0 mU/mL) but normal thyroxin and only mildly
elevated trijodthyronine. Additionally, 21-hydroxylase autoanti-
bodies and glutamate decarboxylase autoantibodies were posi-
tive, suggesting imminent polyendocrinopathy as a potential sign
of immune dysregulation in patient 2.

Cellular investigations revealed absolute numbers of T cells, B
cells and NK cells to be normal in patient 2, however similar to
patient 1, class switched B memory cells were substantially
reduced (table 4 and figure 2B), suggesting a B cell maturation
defect. While T cell proliferative responses were initially within
normal range in both boys, recent data revealed a reduced T cell
proliferation upon stimulation in vitro in the older patient 1. T
cell receptor (TCR) excision circle analysis as a marker of
thymic function showed no reduction, and T cell receptor Vβ
repertoire to assess TCR rearrangement was unremarkable
(table 4). NK cell cytotoxicity as determined by CD107a
degranulation was borderline low in both patients, while cyto-
toxic T cell cytotoxicity was normal (table 4). Granulocyte and
monocyte oxidative burst assays showed a moderate reduction
(table 4). Complement activity was normal in both boys, but
mannan-binding lectin (MBL) was practically absent in patient
2, yielding impaired lectin-associated complement activation. In
patient 1, although basal MBL serum concentration was border-
line normal, genotype analysis of MBL2 and its promoter
showed polymorphisms that are usually associated with inad-
equate MBL production (table 3).

Table 2 Laboratory abnormalities and treatment of two patients with partial trisomy 19 (19p13.3)

Patient 1 Patient 2

Endocrine TSH: mildly increased (7.06 mU/mL (0.66–4.1 mU/mL));
thyroxine and trijodthyronine normal; parathormone: normal
25-hydroxy-vitamin D3: decreased; bone specific alkaline
phospatase: 22.5 ng/mL (50–100 ng/mL)

Latent autoimmune thyroiditis with suspected inhibitory TSH-receptor
autoantibodies; thyroxin normal and trijodthyronine borderline elevated;
glutamate-decarboxylate-autoantibodies: 70.7 U/L (0–9.5 U/L)
parathormone: normal
25-hydroxy-vitamin D3: normal
HGH: reduced; IGF1, IGFBP3: normal

Immunology, main features
(see tables 3 and 4 for
complete lab)

Immunoglobulin levels were adequate for age, selective
antibody deficiency against polysaccharide antigens, no
alterations in T cell, B cell or NK cell counts
in vitro T cell proliferation reduced; borderline low
class-switched B memory cells.
NK degranulation: low, CTL normal.
Granulocytic oxidative burst assays demonstrated a moderate
reduction, whereas monocytic respiratory burst was decreased.
MBL reduction; CH50/AH50: normal

Borderline hypogammaglobulinaemia; IgG1, IgG3 subclass deficiency
IgM deficiency
vaccination antibodies (Diph., Tet., Pneumoc., Haemophilus inf.B, HBV):
normal
T cells: reduced total count, normal subsets and in vitro proliferation;
decreased class-switched B memory cells.
NK and CTL degranulation: NK reduced, CTL normal
granulocyte/monocyte function (DHR): borderline reduced (94–80% of
normal, respectively)
MBL defect; CH50/AH50 normal

Other laboratory abnormalities ANA and ANCA positive ds-DNA and thyroid antibodies;
α-thalassaemia minor (due to microdeletion 16p; NOT including the
TSC2, PKD or RTS genes)

Other (phenotypical) features Malnutrition due to dysphagia: PEG tube feeding since 6 years
of age

Malnutrition due to feeding problems: PEG tube feeding since 20th
month of age

Treatment At 5 years: short term administration of SCIG followed by
monthly IVIG therapy (0.4 g/kg);
valproic acid; pamidronate (3-monthly)

IVIG from 20th month (4-weekly) until 23 months;
Ig subcutaneous started at 23 months (160–200 mg/kg Ig subcutaneous
weekly); levetiracetam

AH50, complement alternate pathway; CH50, total hemolytic complement classical pathway; CTL, cytotoxic T lymphocytes; DHR, dihydrorhodamine 123; ds-DNA, double-strand DNA;
HGH, human growth hormone; IGF1, insulin-like growth factor 1; IGFBP3, IGF binding protein 3; IVIG, intravenous immunoglobulin; MBL, mannan-binding lectin; NK, natural killer; PEG,
percutaneous endoscopic gastrostomy; SCIG, subcutaneous immunoglobulin; TSH, thyroid stimulating hormone.
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Other laboratory abnormalities
Additional laboratory investigations in patient 1 revealed hypovita-
minosis D3 corresponding to clinical signs of osteopenia and
latent hypothyreosis. Because patient 2 had mild anaemia with
haemoglobin levels of 10 g/dL including microcytosis (mean cor-
puscular volume 69fl) and hypochromia (mean corpuscular
haemoglobin 20pg; mean corpuscular haemoglobin concentration
29 g/dL) despite normal iron metabolism (ferritin and transferrin
normal), and because his chromosomal aberration showed to
involve the haemoglobin α chain locus on 16p, he was suspected
to have α thalassaemia minor. Haemoglobinopathy workup
revealed no clinically relevant haemoglobinopathy (normal
Hb-electrophoresis, normal HbA, HbF, HbA2), but genetic data
(see below) and the microcytic hypochromic anaemia were com-
patible with α thalassaemia trait (genotype –/αα).

Together, these findings (1) confirm and extend what is
known on anatomical and neurodevelopmental abnormalities,
and (2) newly describe a complex immunodeficiency phenotype
involving mainly a memory B cell and humoral defect with
increased risk of infections and features of immune dysregula-
tion in patients with partial trisomy 19p13.

Genetic assessment
Results of CGH array, performed as described elsewhere,21

were annotated using Human Genome Build GRCh37/hg19.

Genes within the break points were taken from http://www.
ensembl.org22 and filtered for protein-coding genes only. CGH
analysis of patient 1 revealed a 7.2 Mb terminal duplication of
the short arm of chromosome 19 (arr(hg19) 19p13.3p13.2
(90 897–7 300 043)×3). This region contains 211 known
protein-coding genes (see online supplementary table S1).
Moreover, FISH revealed a translocation from chromosome 19
to chromosome 14 (46,XY.ish der(14)t(14;19)(p11.2;p13.2)de
novo) (figure 2C).

CGH analysis of patient 2 showed a 6.56 Mb terminal dupli-
cation of the short arm of chromosome 19 (see online supple-
mentary table S1) combined with a partial 0.92 Mb deletion of
Chromosome 16p13 including a total of 45 protein-encoding
genes (see online supplementary table S2) ((arr(hg19) 16p13.3
(106 271–1 024 153)×1,19p13.3(327 273–6 887 622)×3)).
FISH revealed an unbalanced translocation from chromosome
19 to chromosome 16 (46,XY.ish der(16)t(16;19)(p13.3;
p13.3)) (figure 2D). Parents of patient 2 and his older healthy
sister did not consent to and thus did not undergo genetic ana-
lysis. The duplicated region of 19p13 consists of 200 protein-
coding genes all of which were also contained in the duplicated
region from patient 1 (figure 2E). By contrast, the duplication in
patient 2 did not include several genes duplicated in patient 1,
including OR4F17, PPAP2C, MIER2, EMR1, AC025278.1,
MBD3L5, MBD3L4, MBD3L2, MBD3L3, ZNF557 and INSR.

Table 3 Humoral immune phenotype of two patients with partial trisomy 19 (19p13.3)

(Age-specific institutional normal ranges)* patient 1 see footnotes for age patient 2†

Before substitution; (mg/dL)
IgG 1362 (473–1385)‡ 386 (442–918)
IgG1 952 (370–1000) ‡ 270 (290–820)
IgG2 231 (72–340)‡ 100 (38–240)
IgG3 74 (13–133)‡ 6 (15–107)
IgG4d 106 (0–158)‡ 3 (0–62)

IgA (mg/dL) 70 (39–147)‡ 61 (2–98)
IgM (mg/dL) 131 (20–92)‡ 0.07 (12–104)
IgE (IU/mL) 4.6 (0–100]‡ 5.7
IgD (mg/L) 6.43‡ 6.4
Antitetanus toxoid IgG (IU/mL) 6.94‡ 4.42
Antidiphtheria toxoid IgG (IU/mL) 0.43‡ 1.35
Antipneumococci capsule polysaccharide
Antibodies (after threefold 13-valent conjugated vaccine) titers‡: IgG: 1:94; IgM:1:300 IgG concentration:

166.88 mg/L
Antihaemophilus influenzae b IgG (mg/L) 9‡ 3.23
Antimeningococci C antibodies (after 1-× conjugated MenC vaccine): IgG‡: 1:105 n.d.

IgM‡: 1:28
Anti hepatitis B IgG n.d. >1000 mIU/mL
Anti EBV-IgG n.d. neg.
Anti CMV-IgG n.d. neg.
Anti varicella-IgG n.d. 48 mIU/mL
CH50/AH50 (U/mL) >300‡ n.d.
Mannan-binding lectin (MBL) (ng/mL) 273 (>300)‡ 17.8 (>300)
MBL2 genotype: analysis of five genomic polymorphisms: codon 52 (CGT>TGT); codon 54
(GGC> GAC); codon 57 (GGA>GAA); promoter −550 (G>C); promoter −221 (G>C)

LXA/LYB; (= codon 54 homozygous and
promoter −550 heterozygous polymorphism)

n.d.

*Normal ranges in square brackets; pathological results in bold letters.
†At repeated occasions between 20 months and 24 months of age.
‡Between the age of 4 years and 5 years.
§At 3 years.
¶At 6 years.
**At 7 years of age.
††According to the manufacturer’s instructions; invitrogen/LifeTechnologies Vienna, Austria.
MBL, mannan-binding lectin.
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DISCUSSION
To date, few chromosomal disorders have been associated with
primary immunodeficiency diseases.1 23 The best known is
22q11.2 deletion syndrome, including a DiGeorge phenotype
and Velo-Cardio-Facial syndrome.1 2 Besides characteristic syn-
dromic dysmorphies, those patients develop no or a hypoplastic

thymus, leading to defective thymocyte development.2 The
degree of immunodeficiency varies between the affected patients
up to severe combined immunodeficiency with cellular and
humoral defects.2 Although 22q11.2 deletion is the most fre-
quent deletion syndrome (incidence 1:400024), and a defect of
a T-box family transcriptional regulator, TBX1, relevant during

Table 4 Cellular immune phenotype and autoantibodies of two patients with partial trisomy 19 (19p13.3)

(Age-specific institutional normal ranges)* Patient 1 see footnotes for age Patient 2†

CD3 T cells/mL 3780 (900–4500)‡ 1212 (1800–3000)
CD3CD4 T cells/mL 1850 (500–2400)‡ 730 (1000–1800)
CD3CD8 T cells/mL 1430 (300–1600)‡ 198 (800–1500)
CD4CD45RA+/mL; % of CD3CD4: 610; 30%§ 628; 86%
TREC copies/100.000 CD3CD45 11.400 (high)§ 99.700 (high)
γ-δ TCR CD3 /mL; % of CD3 90; 1.8%§ 7; 0.6
TCR Vβ repertoire (n=25)
complexity score (max 125) in CD4 and CD8 T cells, resp.; clonality

110 and 112§; few oligoclonal and monoclonal,
three missing.

118 and 118;
one oligoclonal and one missing

In vitro T cell proliferation Normal‡
Induced by PHA/ConA/CD3 Ab/SEA/SEB/PMA reduced§ (PHA, CD3 Ab, SEA) All normal
iNKT cells % of CD3(Va24Vb11+TCR CD3CD56) n.d 1.19 (>0.02)
NK cells/mL 290 (100–1000)¶ 162 (200–600)
CD19+ B cells/mL 2640 (200–2100)¶ 770 (700–1300)
CD27IgD- B cells % of CD19;absolute /mL 0.’35% (>2%)¶;

<1/mL (16–66/mL)¶
1% (>2%)§;
20/mL (16–66)4

0.85% (>2%);
7/mL (16–51/mL)

CD27+IgD+ B cells % of CD19+;absolute /mL 0.57% (>2%)¶;
10/mL (23–87/mL)¶
2.3%; (>2%)§;
60/mL (23–87/mL)§

1.44% (>2%);
11/mL (35–120/mL)

NK cytotoxicity:
CTL cytotoxicity:
(in vitro stimulated CD107a degranulation)

6.49% (>5–10%)§
8.24% (>2.8–6.9%)§

2.68% (>5–10%)
4.44% (>2.8–6.9%)

Absolute neutrophil count/mL 11 090(1800–7700)¶ 7300 (1800–7700)
Monocytes /mL 1580 (400–1000)¶ 692 (400–1000)
Phagocyte function:
phagocytosis (cells Escherichia coli opsonised)

Granulocytes: normal**
granulocytes: normal§
monoytes: normal§

Escherichia coli FITC: 94.3%
(>95)
DHR123: 99% (>95%)

Oxidative burst
(cells stimulated with PMA, fMLP)

Granulocytes: fMLP-stimulated: reduced**
granulocytes: normal§
monocytes: fMLP-stimulated: abnormal§

Escherichia coli FITC: 79.2%
(>80)
DHR123: 81.9%
(>80)

Granulocyte function ‘time course’
method: Granulo FC Oxy Burst††:

Up to 50% reduced in comparison with
healthy control¶

n.d.

Autoantibodies:
ANA/ENA screening 1:404/negative§ negative/negative
Double-strand DNA antibodies Negative§ 32.0 IU/mL (<10 IU/mL)
MPO-ANCA, Pr3-ANCA ANCA 1:160 Negative
p-ANCA, c-ANCA pos.§ Negative
Mitochondrial antibodies (AMAs, M2) n.d. Negative
Smooth muscle antibodies (SMAs) n.d. Negative
Liver autoantibodies screen (LKM1, LC1, SLA-LP, F-actin, gp210, sp100) n.d. Negative
thyroperoxidase antibodies n.d. >1000 U/mL (0–60 U/mL)
TSH receptor antibodies n.d. >100 U/mL (0–15 U/L)
thyroglobulin antibodies n.d. negative
glutamate-decarboxylase-antibodies n.d. 70.7 U/L (0–9.5 U/L)
21-hydroxylase autoantibodies n.d. 1.3 U/mL (0.08–1.0 U/L)

*Normal ranges in round brackets; pathological results in bold letters.
†At repeated occasions between 20 months and 24 months of age.
‡At 3 years.
§At 7 years of age.
¶At 6 years.
**Between the age of 4 years and 5 years.
††According to the manufacturer’s instructions; invitrogen/LifeTechnologies Vienna, Austria.
AMA, anti-mitochondrial antibodies; CTL, cytotoxic T lymphocytes; ENA, extractable nuclear antigen autoantibodies; fMLP, N-formylmethionyl-leucyl-phenylalanine; IFNg, interferon
gamma; NK, natural killer; PHA, phytohaemagglutinin; PMA, phorbol-myristate acetate; TREC, T cell receptor excision circle; TSH, thyroid stimulating hormone.
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organogenesis in mice and humans (reviewed in25) appears a
candidate mechanism for 22q11.2 deletion syndrome, the genes
that directly cause the involved immunodeficiency could not be
identified so far2, which stresses the difficulty behind such inten-
tions. Other microdeletion syndromes associated with impaired
immunity include Wolf-Hirschhorn syndrome due to partial
deletions of chromosome 4p1 3 and syndromes caused by dele-
tion of chromosome 10p13-14 and partial deletions of chromo-
some 18.1 23 In addition, patients with 45,X0 phenotype
(Turner’s syndrome) may present with antibody deficiency and
an increased predisposition to autoimmunity.1

Immunodeficiency associated with partial or complete
chromosomal duplications is rare with the exception of for
example, duplication of methyl-CpG binding protein 2
(MECP2), a regulator of gene expression and chromatin structure
encoded on Xq28, which leads to a complex syndrome with mild
dysmorphia, intellectual disability, neurological deterioration and
variable degrees of immunodeficiency (including impaired
gamma interferon (IFNg) secretion and T helper cell type 1

(TH1) responses, reduced numbers of memory T cells, B cells
and NK cells in children) as confirmed in human and murine
studies.26 Another chromosomal duplication syndrome that has
long been associated with increased susceptibility to infections,
especially severe respiratory tract infections, is trisomy 21. Those
patients may show changes in thymus development and in B cell,
T cell and NK cell counts, as well as low specific antibody
response and granulocyte function.27

The present report is the first linking primary immunodefi-
ciency to partial trisomy 19p13. The clinical and anatomical
features of our patients are similar to reports on partial trisomy
19p13.3 described previously, including IUGR, neurological
impairment (profound psychomotor retardation, microcephalus,
epilepsy, sensorineural hearing loss), facial dysmorphy (flat nasal
bridge, telecanthus, short palpebral fissures, low set ears, long
philtrum) and urogenital malformations.4 6 7 9–11 13 The afore-
mentioned publications often supplied only FISH mapping
results (specific break points of the duplication were not exam-
ined), which makes it difficult to comparatively assess specific

Figure 2 Immunological and genetic
phenotype. Despite normal B
lymphocyte cell counts, IgD+CD27 and
IgD-CD27 memory B cells were nearly
absent in patient 1 (A) as well as in
patient 2 (B). FISH analysis of patient 1
showed partial trisomy 19 with
additional material from chromosome
19p on the short arm of chromosome
14 (C). FISH analysis of patient 2
revealed an unbalanced translocation
from chromosome 19 to chromosome
16 (D). A schematic display of
Chromsome 19 with an illustration of
the duplicated regions in patients 1
and 2, respectively (E).
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genes involved.4 6 7 9–12 More recently, Dolan et al8 described a
patient with a microduplication within 19p13.12-19p13.2 sup-
porting a list of involved genes; however, the genes duplicated
in the patients being different. Furthermore, one patient with a
smaller (0.81Mb) duplication within 19p13.3 was reported,13

sharing similar features with our patients, including IUGR,
microcephalus, psychomotor development delay, seizures
accompanied by high fever, hyperopia and some facial features
(flat nasal bridge, posteriorly angulated ears). Among the 24
protein-encoding genes of this interval which are also duplicated
in both of our patients, the authors highlight MAP2K2 and
SEMA6B, as being potentially involved in the dysmorphia and
psychomotor phenotype.13 MAP2K2 encodes for a mitogen-
activated protein kinase, and loss of function of this gene
product has been associated with Cardiofaciocutaneous syn-
drome 4 (OMIM #615280), a syndrome associating heart
defects, facial dysmorphy and neurocognitive delay but no
immunodeficiency. SEMA6B encodes semaphoring protein,
which is involved in axon guidance and may contribute to the
mental retardation observed in their patients.13

Intriguingly, previous publications lack laboratory results
regarding the immune system. This is remarkable given that at
least 2 of these 10 suffered from recurrent febrile episodes,10 12

1 of whom died in early childhood of respiratory syncytial virus
pneumonia,12 and 1, additionally, had autoimmune disease.10

IgM deficiency may potentially contribute to the increased
risk of upper and lower respiratory tract infections and auto-
immunity as detected in combination with IgG subclass defi-
ciency in patient 2. Although its relevance is uncertain as
primary IgM deficiency may resolve spontaneously, it has been
described in a number of syndromes with chromosomal abnor-
malities including microdeletion 22q11 (reviewed in28) and
might represent another feature of impaired B cell maturation in
partial trisomy 19p13.

Regarding the shared complex immune phenotype of our
patients 1 and 2 with an increased frequency and severity of
ear-nose-throat, upper and lower airway and invasive/systemic
infections, compatible with the detected pathological immune
phenotype of humoral and memory B cell deficiency, and more-
over, reduced NK cell and phagocyte functions, the genes
ELANE, TCF3, CD70 and C3 could be of particular interest. It
remains speculative whether gene dosage might be involved in
possible aberrant function of the respective gene products.
ELANE, encoding neutrophil elastase, if mutated is known to
cause severe congenital neutropenia,29 30 however the effect of
a duplication of ELANE has not been investigated systematically.
Although the described patients 1 and 2 have normal neutrophil
counts, oxidative burst was moderately reduced in both cases.

TCF3, has been shown to play an important role in T cell and
B cell differentiation31 and is involved in repeated chromosomal
rearrangements connected with acute lymphoblastic leukaemia
in children.32 Recently, a form of agammaglobulinaemia and
absence of B cell antigen receptor was linked to deficiency of
TCF3 (E2A),33 indicating that TCF3 might represent a candidate
gene among the region of interest in the presented patients.

CD70 belongs to the tumour necrosis factor ligand family
and binds to CD27 on B cells and T cells.34 CD70 is involved in
cognate T–B interaction and plays a key role in promoting the
differentiation of CD27 memory B cells into plasma cells.35 A
primary immunodeficiency involving loss-of-function mutations
in CD27 has recently been associated with common variable
immunodeficiency like immunodeficiency and EBV-driven lym-
phoproliferation.20 36 Patients with common variable immuno-
deficiency show naïve B cells that cannot upregulate CD70,

resulting in impaired class switch.34 37 TCF3 and CD70 might
play a role in the pathogenesis in the patients described here,
considering their reduced immunoglobulin levels and
class-switched B memory cell numbers. Finally, among the
duplicated genes, we find C3 encoding for complement factor
3, necessary in alternative and classical complement activation
pathways.38 C3 deficiency is known to be associated with recur-
rent severe infections and in some cases with immune complex-
mediated autoimmune diseases.39

In contrast to the over 6 Mb long duplication in both patients,
the deleted region of patient 2 on 16p13.3 is much smaller
(0.92 Mb) and contains only 45 protein-encoding genes, notably
comprising the α haemoglobin locus. As has been reported previ-
ously, deletions within 16pter-p13.3 may lead to α-thalassaemia/
mental retardation syndrome (ATR-16, OMIM #141750;
16pter-p13.3; for selected cases and review see 40–42). Patient 2
presents with normal Hb-electrophoresis, (normal HbA, HbF,
HbA2) and mild microcytic hypochromic anaemia (Hb around
10 g/dL, mean corpuscular volume of 69fl, mean corpuscular
haemoglobin of 20pg, mean corpuscular haemoglobin concentra-
tion of 29 g/dL) corresponding to an α thalassaemia trait (geno-
type --/αα). Nevertheless, patients with ATR-16 are described to
show only mild mental impairment and minor anomalies, which
also differ between affected individuals and are not fully consist-
ent with the characteristics of our patients 1 and 2.41 42

Therefore we ascribe the outer appearance and mental retard-
ation of patient 2 rather to the duplication of 19p13. This
assumption is supported by the findings of Harteveld et al43,
who focused on patients with ATR-16 without mental retard-
ation and came to the conclusion that dysmorphic features and
mental retardation are due to haploinsufficiency of an 800 kb
region that does not overlap with the deletion of our patient 2.

As the immunodeficiency in patient 1 had been recognised
before birth of patient 2, an early administration of Ig substitu-
tion was initiated in patient 2 and possibly explains improved
thriving and may have protected him from a history of more
severe infections.

CONCLUSION
Taken together, these data expand the known clinical spectrum
of partial trisomy 19p13 to include primary immunodeficiency,
and we suggest the acronym FURID19 (Facial dysmorphia,
Urogenital malformation, growth and neurodevelopmental
Retardation, ImmunoDeficiency, trisomy 19p13) for this syn-
drome. In general, immunodeficiency may be under-recognised
in syndromic disorders, in particular in clinical situations where
other features are prominent or implicate barrier dysfunctions.
Thus, our findings underline that (1) patients with multiple mal-
formations should undergo CGH array analysis and (2) patients
with recurrent infections and syndromic features or microdele-
tions/microduplications should be tested for associated immuno-
deficiency to prevent a diagnostic and therapeutic delay and
enable initiation of specific immunotherapy as early as possible.
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Supplementary Material 

 

Materials and Methods 

Immunological and other laboratory analyses were done as routine tests in the institutional labs except 

otherwise indicated. In brief, for FACS analyses whole blood (50 µl) of patients and healthy controls 

was stained with optimal concentrations of the indicated directly conjugated monoclonal antibodies at 

room temperature for 20 minutes. Subsequently, red blood cells were removed with ADG-lysis 

solution (An der Grub, Vienna, Austria) and 1 x 104 cells in the lymphogate were acquired, gated on 

CD19+ cells and further analyzed for IgD and CD27 expression as described before (see Refs. 16, 17 

of the main document). CGH array analyses were done as described earlier (see Ref. 14 of the main 

document). For FISH analyses mix 7 and mix 14 of the Vysis ToTelVysion Multi-Color FISH Probe 

Kit (Abbott Diagnostics, Vienna, Austria) were used. Mix 7 of the kit contains probes TelVysion 7p 

SpectrumGreen, TelVysion 7q SpectrumOrange, TelVysion 14q SpectrumGreen and  

SpectrumOrange and LSI TCR 14q11.2 SpectrumAqua. Mix14 contains probes TelVysion 19p 

SpectrumGreen, TelVysion 19q SpectrumOrange and LSI 19p13 SpectrumAqua. Metaphase 

preparation was carried out by standard methods. Briefly, cells were cultured in LymphoGrow 

medium (CytoGen, Sinn, Germany) containing phytohaemagglutinin as mitogen. After fixation, 

metaphases were dropped onto slides and then dried at 60°C overnight. One slide was used for G-

banding. For FISH analyses ToTelVysion probes were used after manufactures instruction, however, 

metaphase slides were hybridised without pretreatment.   

 



 

Supplementary Table 1. Protein-encoding genes within the duplicated interval on 19p13 for 

patient 1 and 2 as indicated by array CGH analysis results annoted using Human Genome 

Build GRCh37/hg19. 

Patient Gene Name Description 

1 OR4F17 olfactory receptor 

1 PPAP2C phosphatidic acid phosphatase type 2C  

1 MIER2 mesoderm induction early response 1 

1+2 THEG theg spermatid protein  

1+2 C2CD4C C2 calcium-dependent domain containing 4C  

1+2 SHC2 SHC (Src homology 2 domain containing) transforming protein 2  

1+2 ODF3L2 outer dense fiber of sperm tails 3-like 2  

1+2 MADCAM1 mucosal vascular addressin cell adhesion molecule 1  

1+2 TPGS1 tubulin polyglutamylase complex subunit 1  

1+2 CDC34 cell division cycle 34  

1+2 GZMM granzyme M (lymphocyte met-ase 1)  

1+2 BSG basigin (Ok blood group)  

1+2 HCN2 

hyperpolarization activated cyclic nucleotide-gated potassium 

channel 2  

1+2 POLRMT polymerase (RNA) mitochondrial (DNA directed)  

1+2 FGF22 fibroblast growth factor 22  

1+2 RNF126 ring finger protein 126  

1+2 FSTL3 follistatin-like 3 (secreted glycoprotein)  

1+2 PRSS57 protease 

1+2 PALM paralemmin  

1+2 C19orf21 chromosome 19 open reading frame 21  

1+2 PTBP1 polypyrimidine tract binding protein 1  

1+2 LPPR3 hsa-mir-3187  

1+2 AZU1 azurocidin 1  

1+2 PRTN3 proteinase 3  

1+2 ELANE elastase 

1+2 CFD complement factor D (adipsin)  

1+2 MED16 mediator complex subunit 16  

1+2 R3HDM4 R3H domain containing 4  

1+2 KISS1R KISS1 receptor  

1+2 ARID3A AT rich interactive domain 3A (BRIGHT-like)  

1+2 WDR18 WD repeat domain 18  

1+2 AC004528.1 Uncharacterized protein   

1+2 GRIN3B glutamate receptor 

1+2 TMEM259 transmembrane protein 259  

1+2 CNN2 calponin 2  

1+2 ABCA7 ATP-binding cassette 

1+2 HMHA1 histocompatibility (minor) HA-1  

1+2 POLR2E polymerase (RNA) II (DNA directed) polypeptide E 

1+2 GPX4 glutathione peroxidase 4  

1+2 SBNO2 strawberry notch homolog 2 (Drosophila)  



1+2 STK11 serine/threonine kinase 11  

1+2 C19orf26 chromosome 19 open reading frame 26  

1+2 ATP5D ATP synthase 

1+2 MIDN midnolin  

1+2 CIRBP cold inducible RNA binding protein  

1+2 C19orf24 chromosome 19 open reading frame 24  

1+2 MUM1 melanoma associated antigen (mutated) 1  

1+2 EFNA2 ephrin-A2  

1+2 NDUFS7 NADH dehydrogenase (ubiquinone) Fe-S protein 7 

1+2 GAMT guanidinoacetate N-methyltransferase  

1+2 DAZAP1 DAZ associated protein 1  

1+2 RPS15 ribosomal protein S15  

1+2 AC027307.3 Uncharacterized protein   

1+2 APC2 adenomatosis polyposis coli 2  

1+2 C19orf25 chromosome 19 open reading frame 25  

1+2 PCSK4 proprotein convertase subtilisin/kexin type 4  

1+2 REEP6 receptor accessory protein 6  

1+2 ADAMTSL5 ADAMTS-like 5  

1+2 PLK5 polo-like kinase 5  

1+2 MEX3D mex-3 homolog D (C. elegans)  

1+2 MBD3 methyl-CpG binding domain protein 3  

1+2 UQCR11 cytochrome b-c1 complex subunit 10   

1+2 TCF3 transcription factor 3  

1+2 ONECUT3 one cut homeobox 3  

1+2 ATP8B3 ATPase 

1+2 REXO1 REX1 

1+2 KLF16 Kruppel-like factor 16  

1+2 ABHD17A abhydrolase domain containing 17A  

1+2 SCAMP4 secretory carrier membrane protein 4  

1+2 ADAT3 adenosine deaminase 

1+2 CSNK1G2 casein kinase 1 

1+2 BTBD2 BTB (POZ) domain containing 2  

1+2 MKNK2 MAP kinase interacting serine/threonine kinase 2  

1+2 MOB3A MOB kinase activator 3A  

1+2 IZUMO4 IZUMO family member 4  

1+2 AP3D1 adaptor-related protein complex 3 

1+2 DOT1L DOT1-like 

1+2 PLEKHJ1 pleckstrin homology domain containing 

1+2 SF3A2 splicing factor 3a 

1+2 AMH anti-Mullerian hormone  

1+2 JSRP1 junctional sarcoplasmic reticulum protein 1  

1+2 OAZ1 ornithine decarboxylase antizyme 1  

1+2 C19orf35 chromosome 19 open reading frame 35  

1+2 LINGO3 leucine rich repeat and Ig domain containing 3  

1+2 LSM7 LSM7 homolog 

1+2 TMPRSS9 transmembrane protease 

1+2 TIMM13 translocase of inner mitochondrial membrane 13 homolog (yeast)  



1+2 LMNB2 lamin B2  

1+2 GADD45B growth arrest and DNA-damage-inducible 

1+2 GNG7 guanine nucleotide binding protein (G protein) 

1+2 DIRAS1 DIRAS family 

1+2 AC006538.4 Uncharacterized protein   

1+2 SLC39A3 solute carrier family 39 (zinc transporter) 

1+2 SGTA small glutamine-rich tetratricopeptide repeat (TPR)-containing 

1+2 THOP1 thimet oligopeptidase 1  

1+2 ZNF554 zinc finger protein 554  

1+2 ZNF555 zinc finger protein 555  

1+2 ZNF556 zinc finger protein 556  

1+2 ZNF57 zinc finger protein 57  

1+2 ZNF77 zinc finger protein 77  

1+2 TLE6 transducin-like enhancer of split 6 (E(sp1) homolog 

1+2 TLE2 transducin-like enhancer of split 2 (E(sp1) homolog 

1+2 AES amino-terminal enhancer of split  

1+2 GNA11 guanine nucleotide binding protein (G protein) 

1+2 GNA15 guanine nucleotide binding protein (G protein) 

1+2 S1PR4 sphingosine-1-phosphate receptor 4  

1+2 NCLN nicalin  

1+2 CELF5 CUGBP 

1+2 NFIC nuclear factor I/C (CCAAT-binding transcription factor)  

1+2 C19orf77 chromosome 19 open reading frame 77  

1+2 DOHH deoxyhypusine hydroxylase/monooxygenase  

1+2 FZR1 fizzy/cell division cycle 20 related 1 (Drosophila)  

1+2 MFSD12 major facilitator superfamily domain containing 12  

1+2 C19orf71 chromosome 19 open reading frame 71  

1+2 HMG20B high mobility group 20B  

1+2 GIPC3 GIPC PDZ domain containing family 

1+2 TBXA2R thromboxane A2 receptor  

1+2 CACTIN cactin 

1+2 PIP5K1C phosphatidylinositol-4-phosphate 5-kinase 

1+2 TJP3 tight junction protein 3  

1+2 APBA3 amyloid beta (A4) precursor protein-binding 

1+2 MRPL54 mitochondrial ribosomal protein L54  

1+2 RAX2 retina and anterior neural fold homeobox 2  

1+2 MATK megakaryocyte-associated tyrosine kinase  

1+2 ZFR2 zinc finger RNA binding protein 2  

1+2 ATCAY ataxia 

1+2 NMRK2 nicotinamide riboside kinase 2  

1+2 DAPK3 death-associated protein kinase 3  

1+2 EEF2 eukaryotic translation elongation factor 2  

1+2 PIAS4 protein inhibitor of activated STAT 

1+2 ZBTB7A zinc finger and BTB domain containing 7A  

1+2 MAP2K2 mitogen-activated protein kinase kinase 2  

1+2 CREB3L3 cAMP responsive element binding protein 3-like 3  

1+2 SIRT6 sirtuin 6  



1+2 ANKRD24 ankyrin repeat domain 24  

1+2 EBI3 Epstein-Barr virus induced 3  

1+2 CCDC94 coiled-coil domain containing 94  

1+2 SHD Src homology 2 domain containing transforming protein D  

1+2 TMIGD2 transmembrane and immunoglobulin domain containing 2  

1+2 FSD1 fibronectin type III and SPRY domain containing 1  

1+2 STAP2 signal transducing adaptor family member 2  

1+2 MPND MPN domain containing  

1+2 SH3GL1 SH3-domain GRB2-like 1  

1+2 CHAF1A chromatin assembly factor 1 

1+2 UBXN6 UBX domain protein 6  

1+2 HDGFRP2 Hepatoma-derived growth factor-related protein 2   

1+2 PLIN4 perilipin 4  

1+2 PLIN5 perilipin 5  

1+2 
CTB-

50L17.14 Uncharacterized protein   

1+2 LRG1 leucine-rich alpha-2-glycoprotein 1  

1+2 SEMA6B sema domain 

1+2 TNFAIP8L1 tumor necrosis factor 

1+2 C19orf10 chromosome 19 open reading frame 10  

1+2 DPP9 dipeptidyl-peptidase 9  

1+2 FEM1A fem-1 homolog a (C. elegans)  

1+2 TICAM1 toll-like receptor adaptor molecule 1  

1+2 PLIN3 perilipin 3  

1+2 ARRDC5 arrestin domain containing 5  

1+2 KDM4B lysine (K)-specific demethylase 4B  

1+2 PTPRS protein tyrosine phosphatase 

1+2 ZNRF4 zinc and ring finger 4  

1+2 SAFB2 scaffold attachment factor B2  

1+2 SAFB scaffold attachment factor B  

1+2 RPL36 ribosomal protein L36  

1+2 C19orf70 chromosome 19 open reading frame 70  

1+2 HSD11B1L hydroxysteroid (11-beta) dehydrogenase 1-like  

1+2 LONP1 lon peptidase 1 

1+2 CATSPERD catsper channel auxiliary subunit delta  

1+2 PRR22 proline rich 22  

1+2 CTB-54O9.9 Uncharacterized protein   

1+2 DUS3L dihydrouridine synthase 3-like (S. cerevisiae)  

1+2 NRTN neurturin  

1+2 FUT6 fucosyltransferase 6 (alpha (1 

1+2 FUT3 fucosyltransferase 3 (galactoside 3(4)-L-fucosyltransferase 

1+2 FUT5 fucosyltransferase 5 (alpha (1 

1+2 AC024592.12 Uncharacterized protein   

1+2 NDUFA11 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 

1+2 AC104532.2 Uncharacterized protein   

1+2 VMAC vimentin-type intermediate filament associated coiled-coil protein  

1+2 CAPS calcyphosine  



1+2 RANBP3 RAN binding protein 3  

1+2 RFX2 regulatory factor X 

1+2 ACSBG2 acyl-CoA synthetase bubblegum family member 2  

1+2 MLLT1 myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog 

1+2 ACER1 alkaline ceramidase 1  

1+2 CLPP ClpP caseinolytic peptidase 

1+2 ALKBH7 alkB 

1+2 PSPN persephin  

1+2 GTF2F1 general transcription factor IIF 

1+2 KHSRP KH-type splicing regulatory protein  

1+2 SLC25A41 solute carrier family 25 

1+2 SLC25A23 solute carrier family 25 (mitochondrial carrier 

1+2 CRB3 crumbs homolog 3 (Drosophila)  

1+2 DENND1C DENN/MADD domain containing 1C  

1+2 TUBB4A tubulin 

1+2 TNFSF9 tumor necrosis factor (ligand) superfamily 

1+2 CD70 CD70 molecule  

1+2 TNFSF14 tumor necrosis factor (ligand) superfamily 

1+2 C3 complement component 3  

1+2 GPR108 G protein-coupled receptor 108  

1+2 TRIP10 thyroid hormone receptor interactor 10  

1+2 SH2D3A SH2 domain containing 3A  

1+2 VAV1 vav 1 guanine nucleotide exchange factor  

1 EMR1 egf-like module containing 

1 AC025278.1 Uncharacterized protein   

1 MBD3L5 methyl-CpG binding domain protein 3-like 5  

1 MBD3L4 methyl-CpG binding domain protein 3-like 4  

1 MBD3L2 methyl-CpG binding domain protein 3-like 2  

1 MBD3L3 methyl-CpG binding domain protein 3-like 3  

1 ZNF557 zinc finger protein 557  

1 INSR insulin receptor  

 

 



 

Supplementary Table 2. Protein-encoding genes within the deleted interval on 16p13 of 

patient 2 as indicated by array CGH analysis results annoted using Human Genome Build 

GRCh37/hg19. 

Patient Gene Name Description 

2 RHBDF1 rhomboid 5 homolog 1 (Drosophila)  

2 MPG N-methylpurine-DNA glycosylase  

2 NPRL3 nitrogen permease regulator-like 3 (S. cerevisiae)  

2 HBZ hemoglobin, zeta  

2 HBM hemoglobin, mu  

2 HBA2 hemoglobin, alpha 2  

2 HBA1 hemoglobin, alpha 1  

2 HBQ1 hemoglobin, theta 1  

2 LUC7L LUC7-like (S. cerevisiae)  

2 ITFG3 integrin alpha FG-GAP repeat containing 3  

2 RGS11 regulator of G-protein signaling 11  

2 ARHGDIG Rho GDP dissociation inhibitor (GDI) gamma  

2 PDIA2 protein disulfide isomerase family A, member 2  

2 AXIN1 axin 1  

2 MRPL28 mitochondrial ribosomal protein L28  

2 TMEM8A transmembrane protein 8A  

2 NME4 NME/NM23 nucleoside diphosphate kinase 4  

2 DECR2 2,4-dienoyl CoA reductase 2, peroxisomal  

2 RAB11FIP3 RAB11 family interacting protein 3 (class II)  

2 SOLH small optic lobes homolog (Drosophila)  

2 C16orf11 chromosome 16 open reading frame 11  

2 PIGQ phosphatidylinositol glycan anchor biosynthesis, class Q  

2 NHLRC4 NHL repeat containing 4  

2 RAB40C RAB40C, member RAS oncogene family  

2 WFIKKN1 

WAP, follistatin/kazal, immunoglobulin, kunitz and netrin domain 

containing 1  

2 C16orf13 chromosome 16 open reading frame 13  

2 FAM195A family with sequence similarity 195, member A  

2 WDR90 WD repeat domain 90  

2 RHOT2 ras homolog family member T2  

2 RHBDL1 rhomboid, veinlet-like 1 (Drosophila)  

2 STUB1 

STIP1 homology and U-box containing protein 1, E3 ubiquitin protein 

ligase  

2 JMJD8 jumonji domain containing 8  

2 WDR24 WD repeat domain 24  

2 FBXL16 F-box and leucine-rich repeat protein 16  

2 METRN meteorin, glial cell differentiation regulator  

2 FAM173A family with sequence similarity 173, member A  

2 CCDC78 coiled-coil domain containing 78  

2 HAGHL hydroxyacylglutathione hydrolase-like  

2 NARFL nuclear prelamin A recognition factor-like  



2 MSLN mesothelin  

2 MSLNL mesothelin-like  

2 RPUSD1 RNA pseudouridylate synthase domain containing 1  

2 CHTF18 

CTF18, chromosome transmission fidelity factor 18 homolog (S. 

cerevisiae)  

2 GNG13 guanine nucleotide binding protein (G protein), gamma 13  

2 PRR25 proline rich 25  

 

 

 


