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Further phenotypic features and two novel POCIA variants
in a patient with SOFT syndrome: A case report
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Abstract. Short stature, onychodysplasia, facial dysmorphism
and hypotrichosis (SOFT) syndrome is a rare autosomal reces-
sive disease caused by POCI centriolar protein A (POCIA)
pathogenic variants. However, knowledge of genotypic and
phenotypic features of SOFT syndrome remain limited as few
families have been examined; therefore, the clinical identifi-
cation of SOFT syndrome remains a challenge. The aim of
the present case report was to investigate the genetic cause
of this syndrome in a patient with a short stature, unusual
facial appearance, skeletal dysplasia and sparse body hair.
Giemsa banding and exome sequencing were performed
to investigate the genetic background of the family. Spiral
computed tomography and magnetic resonance imaging
were used for investigating further phenotypic features of the
patient. Exome sequencing identified that POCIA had two
compound heterozygous variants, namely ¢.850_851insG and
¢.593_605del GTGGGACGTGCAT, which, to the best of our
knowledge, have not been reported elsewhere. Novel pheno-
types were also identified as follows: i) Metaphyseal dysplasia
was alleviated (and/or even disappeared) with age; ii) the
density of the femoral neck was uneven and the hyperintensity
signal of the metaphysis was stripe-like. Thus, the present
case report expands the knowledge regarding phenotypic and
genotypic features of SOFT syndrome.
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Introduction

In 2012, Shalev et al (1) described a novel syndrome in two unre-
lated consanguineous Arab families with multiple members
exhibiting severe short stature, skeletal dysplasia, unusual facial
features, brachydactyly and hypotrichosis. Shaheen et al (2)
and Sarig et al (3) identified that the biallelic variants of POC1
centriolar protein A (POCIA) cause short stature, onycho-
dysplasia, facial dysmorphism and hypotrichosis (SOFT)
syndrome. Prevalence of SOFT syndrome remains unclear.
Thus far, only 13 families, with 11 POCIA pathogenic vari-
ants identified in 27 patients, have been reported worldwide (4).
All of these families were sporadically distributed in different
countries (Table SI), including Saudi Arabia, Turkey, Iran and
Oman (Middle East); Spain, Monaco and Italy (Europe); South
Korea (East Asia); and Chile (South America).

Patients with SOFT syndrome have been reported to
exhibit a wide range of variable phenotypes, including severe
pre- and postnatal growth retardation, onychodysplasia,
hypotrichosis, facial deformities (such as long triangular face,
prominent forehead and pointed chin), skeletal abnormalities
(such as short long bones and irregular changes in metaphysis,
short femoral neck, and delayed ossification of carpal and
vertebral bones), as well as a poor response to recombinant
human growth hormone (thGH) therapy (1,3,5-9). An atypical
type of SOFT syndrome has also been reported in two other
unrelated families, where affected members also show insulin
resistance caused by dyslipidemia (10,11).

Data regarding SOFT syndrome are limited due to the
scarcity and phenotypic diversity of this novel entity, and its
clinical identification remains a challenge. For this reason,
genotypic and phenotypic features of SOFT syndrome require
further investigation. In the present case report, a Chinese
patient with SOFT syndrome is presented. Exome sequencing
identified compound heterozygous variants of POCIA.
Furthermore, follow-up radiological imaging at various ages
revealed several novel phenotypic findings relating to SOFT
syndrome.

Case report

General information. A female patient was referred to Hunan
Children's Hospital (Changsha, China) for growth retardation



2 LI et al: EXPANDING PHENOTYPES IN A PATIENT WITH SOFT SYNDROME: A CASE REPORT

on February 11, 2019. The patient was born via spontaneous
vaginal delivery at full term and had a birth weight of 1.8 kg
(<3rd percentile) and a birth height of 40 cm (<3rd percentile).
Her parents (both Chinese Han) were healthy and from two
unrelated families. Her father was 36 years old and her mother
was 35 years old. Her father's height was 175 cm (50-75th
percentile) and her mother's height was 155 cm (10-25th
percentile). When the patient was aged 7 years and 8 months,
her height was 102.5 cm (<3rd percentile) and her weight was
17.5 kg (<3rd percentile). She had an unusual facial appearance,
with a triangular face, prominent forehead and irregularly
positioned teeth (Fig. 1A and B). Her fingers were stubby and
with nail hypoplasia (Fig. 1C), and her body hair was sparse
(Fig. 1D). Her intelligence quotient was 78 according to the
Chinese Wechsler Intelligence Scale for Children (12). The
patient underwent rhGH therapy for 6 months and her height
increased by 4.7 cm. Over the subsequent 3 months, her height
increased by only 0.5 cm and the rhGH therapy was discon-
tinued.

No abnormalities were observed in laboratory tests, which
included complete blood count, urine analysis, vitamin D level,
blood sugar, thyroid function level, insulin-like growth factor
(IGF) binding protein 3,IGF1 and growth hormone stimulation
tests. Female patients with Turner syndrome (sex chromosome
aneuploidy) can exhibit a variety of developmental problems,
including short height; therefore, Giemsa (GTG) banding was
performed on the patient, but her karyotype was identified to
be normal (46 XX; Fig. SIA and B). Ultrasound indicated left
renal pelvis separation and mild tricuspid regurgitation (data
not shown).

Ethics statement. Parents/guardians of both the patient and
the matched control, as well as family members whose data
are presented in this case report, provided written informed
consent for publication of the data and associated images in
the present case report. This study and all the data described
in the paper were approved by the Ethics Committee of the
Hunan Children's Hospital (approval no. HCHLL-020-16).

GTG banding. Peripheral venous blood was collected in
a vacutainer vial containing sodium heparin. Slides were
prepared using standard cytogenetic methods. GTG banding at
a 400- to a 550-band level was performed in accordance with
the standard laboratory protocol (13). Two different cultures
corresponding to two different series of the slides from the
sample were separately prepared and analyzed. At least 40
metaphases were examined for the proband of the family. For
the second round of GTG banding evaluation, 100 metaphases
were evaluated for the proband.

Next generation sequencing. All three family members were
subjected to exome sequencing as described previously (13).
Briefly, genomic DNA from three family members was
isolated from the peripheral blood using a DNA Isolation Kit
(Blood DNA Kit V2; cat. no. CW2553; CoWin Biosciences).
The genomic DNA was quantified using the Qubit™ dsDNA
HS Assay Kit (cat. no. Q32851; Invitrogen; Thermo Fisher
Scientific, Inc.). The DNA of each patient was fragmented
into 180- to 280-bp segments using a Covaris bath soni-
cator (duty cycle, 10%; intensity, 5; cycles per burst, 200;

3 min for 25°C). A library was prepared and captured with
an Agilent SureSelect Human All Exon V6 kit (Agilent
Technologies, Inc.). The quality-passed library was sequenced
on an I[llumina HiSeq X Ten sequencing system (Illumina,
Inc.). BWA software (http:/bio-bwa.sourceforge.net/) was
used to align raw data against the human reference genome
(GRCh37/hgl19). Single-nucleotide polymorphisms (SNPs),
small insertions/deletions (indels) and quality recalibration
were identified using GATK software (Genome Analysis
Toolkit; www.broadinstitute.org/gatk). All variants were
annotated using ANNOVAR (annovar.openbioinformatics.
org/en/latest/). A raw Binary Base Call file was converted into
a FASTQ file, 12 G bases were obtained for each sample and
the average yield was ~16.3 Gb with an error rate of <0.1%.

Sanger sequencing. Two pairs of primers were synthesized by
BGI Group to confirm the compound heterozygous variants
of POCIA, according to GRCh37/hgl9. The primers were as
follows: chr3:52179936 forward, 5'-GGCCATCTCAGACCC
ATTTA-3' and reverse, 5-GAAAGGAGGTGTCTGGGTC
A-3'; chr3:52159160 forward, 5"TTCTGAGATGCAGCCATG
AG-3' and reverse, 5'-CCTGGACTTGTCCCTGTTGT-3".
Polymerase chain reaction (PCR) amplification was performed
using the genomic DNA as a template in a Goldstar® PCR kit
(cat. no. CW0655M; CoWin Biosciences), according to the
manufacturer's protocols. Sanger sequencing was conducted
using a BigDye® Terminator v3.1 cycle sequencing kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The amplified PCR products were
purified and then run on an Applied Biosystems™ 3500 series
genetic analyzer (Thermo Fisher Scientific, Inc.). The detailed
protocol for the primers is provided in Table I.

Diagnostic protocol. The diagnostic protocol of SOFT
syndrome can be described as follows: i) Clinical signs by
physical examination, including short stature, onychodys-
plasia, facial deformities and hypotrichosis (3,5,7); ii) skeletal
imaging changes by X-ray including short and thick long bones
with irregular changes in metaphysis, short femoral neck and
delayed ossification of carpal and vertebral bones (1,5,6);
iii) molecular genetic test to identify POCAI pathogenic vari-
ants (2,3).

Genetic findings. Given the poor response to thGH and the
patient's unusual facial appearance, exome sequencing was
performed on all three family members. Only one gene
(POCIA; NM_015426.5) with two variants (minor allele
frequency <0.0001) remained in the patient: i) ¢.850_851insG
in exon 8, resulting in amino acid changes p.Glu284Glyfs*9
and ii) ¢.593_605del GTGGGACGTGCAT (deletion mutation)
in exon 6, resulting in amino acid changes p.Ser198Metfs*10.
For these two variants, one came from her father, and the other
came from her mother (Fig. 2A-D). According to the American
College of Medical Genetics and Genomics guidelines (14),
these two variants are pathogenic and were confirmed through
Sanger sequencing analysis (Fig. 2A-D).

Imaging observations. X-ray examinations were performed on
the patient at age 4 (Fig. 3A and B) and 12 (Fig. 3C) months.
The images demonstrated that the long bones of the limbs and
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Table I. PCR conditions for amplification of POC1 centriolar protein A exon 6 and exon 8 fragments.

Annealing
Exon Variant Forward primer Reverse primer Product size (bp)  temperature (°C)
6 ¢.593_605delGTGGGACGTGCAT  chr3:52159160-F  chr3:52159160-R 530 62
8 ¢.850_851insG chr3:52179936-F  chr3:52179936-R 351 60

Figure 1. Phenotypic features of the patient. (A and B) Unusual facial features. (C) Hands with short and thick fingers, and hyperplasic nails. (D) Sparse body
hair.

Figure 2. Sanger sequencing results of the patient and her parents. (A) Patient: Heterozygous variants of ¢.850_851insG on chr3:52159160. (B) Father:
Heterozygous variants of ¢.850_851insG on chr3:52159160. (C) Patient: Heterozygous variants of ¢.593_605delGTGGGACGTGCAT on chr3:52179936.
(D) Mother: Heterozygous variants of ¢.593_605delGTGGGACGTGCAT on chr3:52179936.
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Figure 3. Skeletal X-ray examination of the patient. (A and B) The red arrows indicate shortened limb bones, widened metaphysis and an abnormal ilium at
the age of 4 months. (C) The red arrow indicates shortened metacarpals and irregular metaphysis at the age of 1 year. (D and E) Shortened femoral neck (as
indicated by the red arrow) and normal ilium, tibia and fibula at the age of 7 years. (F) Carpal bone at age 6.3 years with estimated bone age of ~5.1 years

(according to the Tanner-Whitehouse 3 method).

Figure 4. Spiral CT image of the hip. (A) Coronal and (B) transverse axis views demonstrate an uneven density (patchy high or low density) of the femoral
neck as indicated by the red arrows. (C) Three-dimensional volume rendering revealed that the femoral neck was short and thick as indicated by the red arrow.
(D-F) Normal hip spiral CT of an age- and sex-matched control. CT, computed tomography.

the metacarpal bones were thicker and shorter than those of an
age- and gender-matched control. Furthermore, the metaphysis
of these bones was widened, the ala of the ilium was square and
the bottom of the ilium was shortened (Fig. 3A-C). However,
when the patient was 7 years old (Fig. 3D), the dysplasia of
these bones became less apparent and the malformation in the
femur bones evolved into femur bones with a thicker and shorter
femoral neck (Fig. 3D-F). Meanwhile, it was observed that when
the patient was 6.3 years old, her carpal bone age was ~5.1 years
old, according to the Tanner-Whitehouse 3 method (15) (Fig. 3F).

Atthe age of 7 years and 8 months, the patient was subjected
to spiral computed tomography (CT) and the results showed
that the bone density of the femoral neck was uneven (patchy
high or low density) and that the femoral neck was thicker
and shorter than those of the age- and gender-matched control
(Fig. 4A-F). The three-dimensional double-echo steady state
with water excitation MRI of the hip further revealed that the
thickness of the proximal femoral epiphyseal plate was uneven
and that the metaphysis of the proximal femur showed a
stripe-like hyperintensity (such hyperintensity was continuous
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Figure 5. Three-dimensional double-echo steady state with water excitation MRI of the hip and imaging of the head. (A and B) Bilateral sagittal and (C) coronal
views of the hip demonstrated that the thickness of the epiphyseal plate was uneven with stripe-like hyperintensity as indicated by the red arrow. (D) Normal
hip MRI of the age- and sex-matched control in coronal view. (E) Three-dimensional volume rendering of the cranium presented trigonocephaly. (F) The
brain computed tomography scan (transverse view) demonstrated the widened bilateral frontal extracerebral space. (G) T1-weighted image from the brain MRI
(sagittal view). The red square indicates the flat sella. MRI, magnetic resonance imaging.

to the adjacent epiphyseal plate) (Fig. SA-C). Fig. 5D shows the
normal hip MRI of the age- and sex-matched control in coronal
view. The three-dimensional volume rendering of the cranium
identified the disproportionate cerebral and facial cranium as
trigonocephaly, and the brain CT scan showed that the bilat-
eral frontal extracerebral space was widened (Fig. SE and F).
The brain MRI indicated that the sella was flat and exhibited
hook-like changes (Fig. 5G).

Discussion

Patients with SOFT syndrome exhibit numerous overlap-
ping clinical features with several other syndromes, such
as 3M syndrome, Russell-Silver syndrome and Mulibrey
nanism. These clinical features include: i) Severe prenatal
and postnatal growth retardation; ii) facial dysmorphism,
including a triangular-shaped face and prominent fore-
head; and iii) normal intelligence (5). SOFT syndrome
was diagnosed by the following features in the present
case report: i) The patient had distinctive features, such
as onychodysplasia, hypotrichosis and variable skeletal
manifestations, including short long bones and irregular
changes in metaphysis, which are consistent with the
phenotypes of SOFT syndrome; ii) exome sequencing data
did not reveal any rare variants on genes, as identified in
3M syndrome (CUL7, OBSLI, CCDCS) (16), Russell-Silver
syndrome (GRBI10, YWHAEFE) (17,18) and Mulibrey nanism
(TRIM37) (19); iii) exome sequencing identified two
compound heterozygous variants of POCAI, which is the
causative gene of SOFT syndrome.

POCI1 consists of POC1A and POCIB (20). POCIA
(located on 3p21.2) encodes POCI centriolar protein A (2),
which plays an important role in the early steps of centriole
duplication and in the later phases of centriole length control,
ensuring centriole integrity and proper mitotic spindle

formation (20). POC1A and POCI1B are conserved proteins,
including an N-terminal WD40 domain, which likely forms
a seven-bladed p-propeller and a C-terminal coiled-coil,
which contains a highly conserved sequence (3,20,21). All
of the POCA]I pathogenic variants reported to date disrupt
the WD40 domains (5-7,9,21). Consequently, the disruption
interrupts the normal function of POCI1 proteins and then
causes the centrosome to fail to assemble; consequently,
mitotic spindles form abnormally (5-7). In addition, the
POCIA variants also cause the aberrant distribution of
centrosomal microtubules (3,7). Centrosomal microtu-
bules play an essential role in proper Golgi assembly and
trafficking, and several studies have shown a connection
between the abnormal function of the Golgi and syndromes
that feature bone and skin defects (3,7). Therefore, POCIA
plays an important role in the formation of bones and skin,
and the dysfunction of centrosome formation may be the
main molecular mechanism of SOFT syndrome (3). In
the present study, according to the variants position at the
nucleic acid level, the predicted amino acid changes in two
POCIA variants are truncating from the WD40 domains.
Therefore both variants of the present study may cause
dysfunction of the centrosome, and the interruption of
Golgi assembly and trafficking.

Shalev et al (1) investigated eight patients with SOFT
syndrome in two families. Of these patients, three (ages 8,
15 and 25 years) received the skeletal imaging testing. Such
three patients exhibited a severe to mild level of epiphyseal
and metaphyseal changes in the long bones (metaphyseal
changes are obvious on the 8-year-old patient, but are mild on
other older patients) (1). In the present study, the metaphysis
abnormalities of the long bones and the hypoplasia of the
ilium were clearly observed when the patient was 4- and
12-months-old, respectively. However, the dysplasia of these
bones in the same patient was alleviated (or even disappeared)
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with aging. A skeletal X-ray of the patient at 7 years old
identified that the metaphysis of the femur and metacarpal
were becoming nearly normal. Moreover, the ilium dysplasia
became less evident at this age. Therefore, similar to the
X-ray examination results described by Shalev ef al (1), the
present results indicated that the metaphyseal dysplasia of
the patient with SOFT syndrome was alleviated with aging.
Investigating the underlying mechanism of the alleviation
of metaphyseal and ilium dysplasia with age may provide
insights into therapeutic strategies for SOFT syndrome in
future.

Currently, the underlying mechanism of POCIA mutations
in skeletal deformities remains unclear. In animal models with
POCIA defects, certain studies implicated cell proliferation
defects of chondrocytes in growth plates (5,22). However, to
the best of our knowledge, such proliferation defects have not
been observed in humans. In the present study, the hip MRI
revealed that the metaphysis of the femoral neck had a carti-
laginous stripe signal and this finding was novel. This result
indicated that an abnormal signal in the femoral neck may be
the result of tissue imaging of immature chondrocytes during
endochondral ossification. These imaging features provided
evidence that the variant of POCIA was associated with the
defect in the proliferation of chondrocytes in the growth
plate; as a result, the growth of endochondral ossification was
arrested. However, the detailed mechanism remains unclear;
therefore, further studies are required to elucidate the function
of POCIA in endochondral ossification.

In conclusion, the present case report described a Chinese
patient with SOFT syndrome caused by two novel POCIA
pathogenic variants, expanding the mutational and clinical
spectrum of SOFT syndrome.
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