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Abstract

Background: We aimed to analyze mutations of the pathogenic gene in dyssegmental dysplasia Silverman-Handmaker (DDSH) type
associated with the Heparin sulfate proteoglycan 2 (HSPG2) gene. Case: Prenatal testing for genetic mutations associated with fetal
DDSH were performed on a pregnant woman with previous history of carrying a fetus with short limb malformation at the 17th week
of gestation. DNA was extracted from amniotic fluid and next-generation sequencing-based deep panel sequencing was performed
on the Illumina NextSeq platform to identify possible causative mutations of DDSH. Results: Two novel heterozygous mutations in
HSPG2 gene, c.6001dupC (p. R2001pfs*19) and c.11207G>A (p. R373Q), were identified and associated with the DDSH diagnosis.
Conclusion: This is the first report to prenatally identify novel mutations in HSPG2 that confirms a DDSH diagnosis.
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1. Introduction
Fetal short limb deformity is one of the most common

congenital birth defects. While its etiology is diversified, it
is primarily related to exposure to drugs, radiation, decora-
tion pollution, chemicals such as hair dyes, benzene, mer-
cury, lead and other heavy metals during pregnancy. Sev-
eral trials point to recessive genetic diseases of chromo-
some [1,2]. Fetal short limb deformities include fatal and
non-fatal cases [3]. Related Ultrasound screening is mainly
carried out in the second and third trimesters of pregnancy.
However, for non-fatal skeletal dysplasia with atypical ul-
trasonographic features, it is difficult to make a definite di-
agnosis and classification, resulting in a high probability of
misdiagnosis andmissed diagnosis. Such failure in prenatal
screening can result in disability due to skeletal deformity
after birth and even complications of the nervous system
that threaten great mental and economic burden to family
and society [4–7]. Accordingly, timely and accurate prena-
tal diagnosis is of utmost importance [8–10].

DDSH is a lethal autosomal recessive form of
dwarfism with characteristic anisospondylic micromelia.
Clinical features of DDSH include dwarfism, short and
bowed limbs, flat facial features, anisospondyly, and en-
cephalocele. The neonatal lethal condition DDSH is caused
by functional null mutations to HSPG2, which completely
prevent perlecan secretion into the extrcellular matrix [11].

The HSPG2 gene is an important, highly conserved
gene whose expression affects many developmental pro-
cesses, including the formation of the heart and brain sys-
tems, together with cartilage, bone marrow, and skeletal
muscle [12]. A large gene encompassing 97 exons, it maps

to chromosome 1p36.1 [11]. HSPG2 encodes the heparin
sulfate proteoglycan 2 protein, perlecan, a co-receptor for
basic fibroblast growth factor. Perlecan is a major compo-
nent of basement membranes and is present in many tis-
sues, including cartilage [13]. A type of skeletal dysplasia,
DDSH is typically caused by functional mutations in the
gene HSPG2, specifically due to a functional deletion mu-
tation of the perlecan gene. In Silverman-Handmaker syn-
drome, the mutant perlecan molecules were unstable and
cannot secreted into the extracellular matrix, and was de-
graded to smaller fragments with in the cells. Therefore,
DDSH is caused by a functional null mutation of HSPG2
[14,15].

Fewer than 40 cases have been reported in the litera-
ture, and only four of these cases were detected antenatally
[16].

2. Materials and methods

2.1 Patients

This study was carried out with the approval of the
ethics committee (number: SZFTFY-20191108). A Chi-
nese pregnant woman, G3P1A1, 32 years old, was admit-
ted to the prenatal diagnosis center for genetic counseling
(16+3 weeks of gestation). The fetus of prior pregnancy
was diagnosed with short limb malformation at the 17th
week of gestation. Hence, the woman requested a prenatal
diagnosis on the 16th week of current pregnancy to deter-
mine whether the present fetus was affected. Both parents
had no physical deformities.
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Fig. 1. The B-ultrasound report.

2.2 Medical history of the pregnant woman
Family history: The first fetus was diagnosed with

short limb malformation at the 17th week of gestation. Ac-
cording to the B-scan ultrasound examination report of the
fetus, the biparietal diameter was 4 cm, abdominal circum-
ference was 12.5 cm, femur length was 1.7 cm (<2.5 per-
centile), humerus length was 1.7 cm (<2.5 percentile), and
the thoracic spine was poor in calcification. Therefore, the
pregnancy was terminated by induced labor. The second
fetus was a female infant, aged 4, with a height of 100 cm.
Examination of the third (and present) fetus at 16 weeks re-
ported biparietal diameter of 3.4 cm, abdominal circumfer-
ence of 10.5 cm, femur length of 1.2 cm (<2.5 percentile),
and humerus length of 1.4 cm (<2.5 percentile). The max-
imum amniotic fluid depth of the patient was measured by
B-mode ultrasonography (Figs. 1,2).

2.3 DNA isolation and quantification of the amniotic fluid
cell

Amniotic fluid was extracted from the midline (about
1 cm right) of the lower abdomen of the pregnant woman
(we determined the puncture point and collected amniotic
fluid accurately under the guidance of abdominal ultra-
sound), then was detected by high through put sequenc-
ing. Subsequently, DNAwas extracted by Gentra Puregene
Blood Kit (Qiagen, Hilden, Germany). NanoDrop 2000
protein nucleic acid analyzer was used to detect DNA con-
centration and purity.

2.4 DNA isolation and quantification of the parents’ cells

The venous blood of the couple was collected for high
throughput sequencing. DNA was extracted by Gentra
Puregene Blood Kit (Qiagen Company). NanoDrop 2000
protein nucleic acid analyzer was used to detect DNA con-
centration and purity. Positive mutation sites found by
high throughput sequencing were validated using Sanger
sequencing.

2.5 Gene sequencing and analysis

1 µg genomic DNA was sheared using Q800R ultra-
sonic breaker. The resulting DNA fragments, determined
by electrophoresis, were less than 500 bp, with the major-
ity approximately 350 bp. After the construction of the li-
brary, the terminal repair was carried out under the action
of enzyme. A was added at the 3 ’end, and a specific se-
quence connector was added at both ends. The barcode
sequence was connected. The library with a junction was
amplified by PCR. Qubit was used to determine the yield
of the constructed libraries, and 300 ng of each sample was
mixed. After 24 hours of hybridization, Streptavid in Dyn-
abeads were used to capture the target region and purify the
captured products. Post-PCR was used to enrich the target
region genes. The size of the library was determined by
agarose gel electrophoresis, and the concentration of the li-
brary was determined by Qubit3.0 and PCR. The captured
libraries were sequenced on a Next Seq 500 sequencer (Illu-
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Fig. 2. Ultrasound Atlas figures. (a) fetal humerus (14 w). (b) femur length (14 w). (c) fetal humerus (15 w). (d) biparietal diameter
(14 w).

mina, San Diego, CA, USA), with sample dilution and se-
quencing carried out according to Illumina specifications.
The sequencing results were analyzed by bioinformatics
methods.

The identified positive mutation sites were validated
in DNA extracted from parental blood and amniotic fluid
by Sanger sequencing. The primer of HSPG2 gene was
designed by the on-line primer design software. Subse-
quently, the primer was amplified by PCR and the target
bands were identified by electrophoresis. The amplified
products were sequenced by Sanger. The results of Sanger
sequencing were analyzed by Mutation Surveyor V5.0.1
software (SoftGenetics, State College, PA, USA).

3. Results
3.1 Gene mutations and their pathogenicity prediction
analysis

350 related genes were detected in this analysis.
Therein, 5311 coding regions contained 835,566 base
groups. The average coverage depth was 230+/–236x.
Therein, 98.2% of the coverage area was greater than 10x
and 96.8% of the coverage area was greater than 20x.

Two pathogenic mutations of HSPG2 gene were
identified by high throughput sequencing and vali-
dated by Sanger sequencing. Two heterozygous muta-
tions of HSPG2 gene were detected as c.6001dupC (p.
R2001pfs*19) and c.11207G>A (p. R373Q). The mu-
tation of c.11207G>A (p. R3736Q) was carried out
via pathogenicity prediction analysis by HumVar soft-

ware. The result shows a high pathogenicity possibility for
c.11207G>A (p. R3736Q) mutation with a score of 0.994.
These two rare variants are closely associated with clinical
manifestations.

3.2 Sanger sequencing

Next generation sequencing results were confirmed by
Sanger sequencing. Heterozygous mutation c.6001dupC
(p. R2001pfs*19) and c.11207G>A (p. R373Q) could be
detected in both parents. This result indicates that the two
gene variants in the fetus were inherited from its parents
(both heterozygous) (Fig. 3A–F).

3.3 Pregnancy outcome

The pregnancy was terminated by induction of labor
at 16 weeks as requested by the pregnant woman and her
family. There was no autopsy (and therefore, no relevant
pictures) due to familial disagreement.

4. Discussion
Fetal short limb deformity is one of the most common

birth defects in clinic, along with osteogenes is dysplasia,
cartilage dysplasia, fatal dwarf, and short rib-polydactyly
syndrome [17,18]. The common pathogenic genes of fe-
tal short limb deformity have been identified. For example,
the pathogenic genes of achondroplasia, fatal dwarf and os-
teogenetic dysplasia are FGFR3 and COL1A1/COL1A12
[19–24]. DDSH is generally caused by functional null mu-
tations in the gene, HSPG2. The clinical manifestations are
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Fig. 3. Gene mutation map of fetus and parents. Mutation site: high throughput sequencing site indicated that there were two mutation
sites in fetal HSPG2 gene: c.11207G>A (p. R3736Q) (A) and c.6001dupC (p. R2001pfs*19) (D). There was one mutation site in fetal
father HSPG2 gene: c.11207G>A (p. R3736Q) (B) and there was no c.6001dupC (p. R2001pfs*19) mutation (E). There was one
mutation site in fetal mother HSPG2 gene: c.60.01dupC (p. R2001pfs*19) mutation (C), no c.11207G>P_R3736Q (F).

short limb dwarfs of newborns and may be accompanied by
mental disorders [25] (PMID4059934, 3605216, 4953364,
2290482, 25666757). In this study, the whole exon of fetal
gene was sequenced in a case of short limb malformation
diagnosed by ultrasound, and the prenatal accurate gene di-
agnosis was completed. The parents did not show any clini-
cal manifestations of the disease. These results indicate that
the fetus short limb malformation may be caused by auto-
somal recessive inheritance.

The two identified variants of HSPG2 gene,
c.6001dupC (p. R2001pfs*19) and c.11207G>A (p.
R373Q) were significantly associated with DDSH with
pathogenicity prediction of 0.994 for c.11207G>A (p.
R3736Q) mutation and c.6001dupC (p. R2001pfs*19)
mutation. As no clinical manifestations of the short limb
were found for parents, we deduce heterozygous variants
c.6001dupC (p. R2001pfs*19) and c.11207G>A (p.
R373Q) are autosomal recessive inheritance. The same
variants were found in maternal and paternal blood. Hence,
it can be concluded that the fetus inherited these variants
from the parents.

This is the first time these two mutations of HSPG2
genes are reported. The c.6001dupC (p. R2001pfs*1 mu-
tation into a shift mutation) predicts a stop codon, which
would result in a truncated version of the protein. The re-
gion where the p. R373Q mutation is located is an im-
portant component of the protein. The amino acid se-
quences of different species around this area are highly con-
served. Computer-aided analysis predicts that the struc-
ture/function of the protein is likely to be affected.

In conclusion, novelmutations c.6001dupC (p.
R2001pfs*19) and c.11207G>A (p. R373Q) in HSPG2
gene cause Silverman-Handmaker type skeletal segmental
dysplasia. High throughput sequencing combined with
second-generation sequencing platform sequencing in
prenatal testing can be valuable for early prediction of
harmful fetal mutations.
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