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Key Clinical Message

3q26.33-3q27.2 microdeletion can be classified as a clinical entity characterized

by intrauterine growth retardation, feeding problems in infancy, short stature,

intellectual disability, hypotonia, dysmorphic facial features (medially sparse

eyebrows, narrow horizontal palpebral fissures, epicanthal folds, flat nasal

bridge and tip, short philtrum, and downturned corners of mouth), and teeth

and feet abnormalities.
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Introduction

Chromosomal microdeletion/microduplication syndromes

are frequently associated with intellectual disability (ID),

multiple congenital anomalies, and/or autism spectrum

disorders. It has been possible to routinely identify the

microdeletion/microduplication syndromes by chromoso-

mal microarray analysis (CMA) over the last years [1].

Mandrile et al. [2] recently described three unrelated

patients carrying an overlapping 3q26.33-3q27.2

microdeletion who share a common clinical phenotype.

Subsequently, two additional cases of microdeletion were

published [3, 4]. It has been proposed that the 3q26.33-

3q27.2 microdeletion may represent a novel condition

caused by the haploinsufficiency of dosage-sensitive genes.

Also, it was suggested that it could be a new clinically rec-

ognizable syndrome, as reported patients share common

features such as neonatal hypotonia, severe feeding prob-

lems, specific facial features, abnormal dentition,

recurrent upper airways infections, developmental delay,

and severe growth impairment of prenatal onset [2].

We report a case with 3q26.33-3q28 microdeletion with

blepharophimosis and ID which was presented at the

European Society of Human Genetics meeting in 2002 as

Ohdo syndrome [5]. We also review all previously

reported cases and compare them to our case.

Case Report

The patient is a 16-year-old girl. She is the first child of

healthy, nonconsanguineous Estonian parents. The family

history is unremarkable, and she has a younger sister who

is healthy. The pregnancy was complicated with fetal

ultrasound finding of intrauterine growth restriction at

29 weeks of gestation. Amniocentesis done subsequently

showed normal female karyotype (46,XX). Delivery was at

35 weeks of gestation and all growth parameters were

below the third centile: weight was 1220 g (�3.0 SD),
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length 40 cm (�3.0 SD), and occipitofrontal circumfer-

ence (OFC) 28 cm (�3.0 SD). Estonian age- and gender-

specific growth curves were used to evaluate and correct

growth parameters at birth and later. On initial examina-

tion, she was noted to have facial dysmorphism as well as

supravalvular aortic and pulmonary stenosis. Williams

syndrome was suspected, but FISH analysis for 7q11.23

microdeletion was normal.

Weak suck and gastroesophageal reflex were noted

from the first week of life which resulted in severe feeding

difficulties and poor weight gain. She was fed high-caloric

food via nasogastral tube and later via gastrostomy. How-

ever, her poor weight gain persisted. Her psychomotor

development was delayed. At 9 months the development

corresponded to the age of 5–7 months according to Grif-

fiths scale. She started to walk at 3 years of age.

At 4.5 years of age, her height was 91 cm (�3.0 SD),

weight 11.5 kg (�3.0 SD), and OFC 46.5 cm (�3.0 SD).

She had facial dysmorphism with blepharophimosis, pto-

sis, wide nasal bridge, depressed nasal tip, smooth phil-

trum, narrow mouth with downturned corners,

micrognathia, and low-set dysplastic ears (Fig. 1A and B).

Her teeth were peg-like, crowded, and with dysplastic

enamel. Clinodactyly of the fifth finger was also observed.

She had muscular hypotonia and mild ID. Brain MRI

showed brain atrophy in frontal lobe. Considering all

clinical features, Ohdo syndrome was diagnosed.

At 13 years of age, the Psychoeducational Profile (PEP)

test showed that her development corresponded to the

age of 4 years 5 months up to 4 years 9 months. Her

developmental profile was quite stable and the strongest

abilities were perception, eye-mouth cooperation, and

verbal abilities. Eye examination revealed mild hyperopia

(both eyes +0.5 D) and astigmatism.

At the age of 16 years, her height is 157 cm (�1.5 SD),

weight 46.8 kg (�1.5 SD), and OFC 52 cm (�2 SD). Her

facial features show blepharophimosis, ptosis, depressed

nasal tip, smooth philtrum, narrow mouth, and low-set

dysplastic ears, and prognathism has developed as a new

feature (Fig. 1C). In addition, she has thoracic kyphosis

and mild left club foot. At early school age, sensorineural

hearing loss was diagnosed and she has been using hear-

ing aid. Her speech was dysarthric. She is clumsy. Neuro-

logical examination shows increased muscle tonus (legs

more than arms) and increased deep tendon reflexes. She

has a habit to bite her nails when anxious and has fre-

quent tics of eyelids. She studies in the school for mildly

intellectually disabled children. Hyperopia has progressed

(right eye +2.25 D and left +2.0 D).

Molecular Analyses

DNA was extracted from a peripheral blood sample by a

standard salting out procedure. Chromosomal microarray

analysis using Illumina HumanCytoSNP-12 array (Illu-

mina Inc., San Diego, CA, USA) was performed according

to the manufacturer’s protocol. Genotypes were called

and the data were analyzed using GenomeStudio v2011.1

software (Illumina Inc., San Diego, CA, USA). Chromoso-

mal microarray analysis revealed an 8.4-Mb deletion in

the long arm of chromosome 3 (arr [hg19] 3q26.33q28

(182,674,821–191,025,402)x1) (Fig. 2).
The diagnostic whole exome sequencing analysis was

simultaneously performed by Genome Diagnostics Nijme-

gen (http://www.genomediagnosticsnijmegen.nl/) and cov-

ered by the Estonian Health Insurance Fund. First, no

pathogenic mutations were reported, but secondary analy-

sis led to an additional report of a suspected chromoso-

mal deletion in chromosome 3 independent of CMA.

Discussion

We report on a patient carrying an 8.4 Mb 3q26.33-3q28

microdeletion providing new insights into recently

described microdeletion syndromes in distal 3q region.

Up to now, six cases including the present one of

(A) (B) (C)

Figure 1. (A) The facial view and (B) profile of our patient at 4.5 years of age, note a peculiar face with blepharophimosis, ptosis, a broad nasal

bridge, a flat nasal tip, a flat philtrum, a small mouth, downturned corners of mouth, micrognathia, low-set dysplastic ears, and peg-like, irregular

teeth; (C) the facial view at the age of 16 years.
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overlapping 3q26.33-3q27.2 microdeletions have been

published [2–4]. All described cases have presented with

pre- and postnatal growth retardation, ID, hypotonia,

dysmorphic facial features, and various teeth abnormali-

ties (Table 1). Feeding problems in infancy, microcephaly,

behavioral problems, speech delay, hearing loss, recurrent

infections, feet abnormalities, and pubertal delay and/or

genital abnormalities were seen in two thirds of the

patients. Most frequently described facial features were

flat facial profile, medially sparse eyebrows, epicanthal

folds, flat nasal bridge and tip, short philtrum, and down-

turned corners of mouth. Considering the wide range of

clinical features, the microdeletion syndrome may be clin-

ically recognizable. The smallest region of overlap (SRO)

for 3q26.33-3q27.2 microdeletion syndrome is estimated

to be 1.4 Mb in size (3:183,047,473–185,952,002) and

encompasses chromosomal bands 3q27.1-3q27.2 (Fig. 2).

Therefore, the syndrome could be renamed according to

a smaller 3q27.1-3q27.2 deletion.

Our patient was initially clinically diagnosed with Ohdo

syndrome [5] mainly due to striking blepharophimosis

(Fig. 1), and also considering the co-occurrence of teeth

abnormalities, heart defect, and ID. Ohdo et al. [6] first

described a syndrome of blepharophimosis, ptosis,

hypoplastic teeth, heart defect, and mental handicap, to

which his name is currently attached (MIM 249620).

Since then, several mostly sporadic cases have been

reported greatly widening the clinical phenotype [7–11].
Later, Verloes et al. [12] proposed to classify blepharophi-

mosis–ID syndromes into five distinct subgroups. For

three of them, the etiology has been clarified as deletions

in 3p and mutations in KAT6B (the Say-Barber/Biesecker/

Young-Simpson type) [13] or MED12 (X-linked Maat–
Kievit–Brunner type) [14], respectively. The exact etiology

of the original Ohdo type [6] and Verloes type has not

been established yet. Based on the clinical findings in our

patient and the presence of short palpebral fissures or

narrow horizontal palpebral fissures in two previously

Figure 2. Schematic representation of the SRO of 3q26.33-3q27.2 microdeletion syndrome in all described patients and our case by the Human

Genome Browser hg19 assembly. Coordinates for the deletion described by Dasouki et al. [3] were converted from hg18 to hg19

[chr3:182,470,516–184,469,308]. SRO is 1.4 Mb in size and contains 39 protein coding genes according to the Ensembl database (http://

www.ensembl.org/Homo_sapiens/).
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reported 3q26.33-3q27.2 microdeletion cases, we hypothe-

size that additional possible candidate gene(s) for ble-

pharophimosis–ID syndrome can be located in the

established SRO in 3q27.1-3q27.2 [2, 4].

The SRO encompasses 39 protein coding genes, includ-

ing several known autosomal-recessive disease genes, such

as EIF2B5 (leukoencephalopathy with vanishing white

matter), ALG3 (congenital disorder of glycosylation type

Id), and CLCN2 (leukoencephalopathy with ataxia)

(Fig. 2). As our patient had no white matter abnormali-

ties on brain MRI scan and metabolic testing showed nor-

mal results, we did not suspect those genes to be

responsible for the phenotype.

Out of the genes located within the SRO, CHRD (chor-

din, MIM 603475) is of great interest regarding the clini-

cal phenotype. Chordin dorsalizes early vertebrate

embryonic tissues by binding to bone morphogenetic pro-

teins and sequestering them in latent complexes [15]. It

has been shown that the fully penetrant chordin-null

mouse phenotype includes dysmorphic ears, absence of

the thymus, persistent truncus arteriosus, abnormal aortic

arch artery structure, and cleft palate, which is virtually

identical to that observed in Tbx1-null homozygotes and

human individuals with 22q11 deletion syndrome [16].

However, penetrance of the chordin phenotype is highly

dependent on genetic background and the expression of

other genes, including Tbx1. We suggest that the CHRD

gene could be a good candidate for explaining dysmor-

phic facial phenotype and cardiac anomalies in some

patients with 3q26.33-3q27.2 microdeletion syndrome.

It has been suggested that haploinsufficiency of THPO

(thrombopoietin, MIM 600044) gene causes mild throm-

bocytopenia and haploinsufficiency of LAMP3 (lysosome-

associated membrane protein 3) may cause immune

deficiency, respiratory distress, and dental anomalies [2, 3].

Indeed, at least half of the 3q26.33-3q27.2 microdeletion

cases have thrombocytopenia (Table 1), and mutations in

THPO gene causing improved translational efficiency have

been shown to be responsible for hereditary autosomal-

dominant thrombocythemia [17, 18]. However, LAMP3

gene is not located in the SRO and therefore, is probably

not causative for the common phenotype as was sug-

gested before.

All described 3q26.33-3q27.2 microdeletion patients have

presented with intrauterine growth retardation and short

stature. PARL gene (presenilin-associated rhomboid-like

protein, MIM 607858) located in 3q27.1 chromosomal

region could be responsible for growth delay. The Parl

knockout mice displayed growth retardation, cachexia, and

severe atrophy of muscle, spleen, and thymus [19].

The microdeletion in our patient is larger compared to

previously described patients with 3q26.33-3q27.2

microdeletion syndrome and in addition overlaps alsoT
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with another recently described microdeletion syndrome

– 3q27.3, which is associated with dysmorphic features,

marfanoid habitus, ID, and psychosis with mood disorder

[20]. Two SROs have been defined for 3q27.3 microdele-

tion syndrome [20]. The first one included several candi-

date genes associated with psychotic episodes and mood

disorders as well as recognizable facial dysmorphism

(slender face, deep-set eyes, high nasal bridge, hooked

nose above a short philtrum, thin upper lip surrounding

a small mouth, and prognathism). The second SRO in

the 3q27.3q28 has been hypothesized to link with mar-

fanoid habitus (scoliosis, long and thin habitus with lean-

ness, arachnodactyly, and pectus excavatum) and severe

ID, which could be explained by the deletion of the

AHSG gene. The 3q26.33-3q28 microdeletion in our

patient includes both SROs described by Thevenson et al.

[20]. However, our patient has no marfanoid habitus and

recognizable facial dysmorphism specific for 3q27.3

microdeletion. She presented only kyphosis and prog-

nathism in older age. She has not had psychiatric mani-

festations yet besides mild ID, a habit to bite her nails,

and frequent tics of eyelids.

In conclusion, the 3q26.33-3q28 microdeletion in our

patient overlaps with two recently published cases of

microdeletion syndromes, 3q26.33-3q27.2 and 3q27.3,

with more similarities to the former. 3q26.33-3q27.2

microdeletion can be classified as a clinical entity charac-

terized by intrauterine growth retardation, feeding prob-

lems in infancy, short stature, ID, hypotonia, dysmorphic

facial features (flat facial profile, medially sparse eyebrows,

narrow horizontal palpebral fissures, epicanthal folds, flat

nasal bridge and tip, short philtrum, and downturned

corners of mouth), and teeth and feet abnormalities. Fur-

ther functional studies on possible candidate genes inside

the deleted regions are needed to clarify the pathogenesis

of both microdeletion syndromes.
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