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Abstract
Background Primordial dwarfism (PD) is a group of genetically heterogeneous disorders related to developmental disabilities 
occurring in the uterus and prolongs during all stages of life, resulting in short stature, facial deformities and abnormal brain.
Objective To determine the exact cause of the disease in two Vietnamese patients priory diagnosed with PD by severe pre-
and postnatal growth retardation with marked microcephaly and some bone abnormalities.
Methods Whole-exome sequencing was performed for the two patients and mutations in genes related to PD were screened. 
Sanger sequencing was applied to examine the mutations in the patients of their families.
Results Three novel mutations in the PCNT gene which have not been reported previously were identified in the two patients. 
Of which, two frameshift mutations (p.Thr479Profs*6 and p.Glu2742Alafs*8) were detected in patient I and one stop-gained 
mutation (p.Gln1907*) was detected in the patient II. These mutations may result in a truncated PCNT protein, leading to 
an inactivated PACT domain corresponding to residue His3138–Trp3216 of PCNT protein. Therefore, the three mutations 
may cause a deficiency of protein functional activity and result in the phenotypes of primordial dwarfism in the two patients.
Conclusions Clinical presentations in combination with genetic analyses supported an accurate diagnosis of the two patients 
with microcephalic osteodysplastic primordial dwarfism type II (MOPD II). In addition, these results have important impli-
cations for prenatal genetic screening and genetic counseling for the families.
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Introduction

Primordial dwarfism (PD) is a group of disorders related 
to developmental disabilities occurring in the uterus and 
prolongs during all stages of life, resulting in short stature, 
facial deformities and abnormal brain (Vakili and Hashemian 
2019). Most of PD individuals have head size-reduction fea-
tures which are also known as a highly specified property of 
the PD group to distinguish with other dwarfism (Khetarpal 
et al. 2016). PD is extremely rare and presents in both sexes 
at the same rate (Vakili and Hashemian 2019). There are 
five main types of primordial dwarfism: Seckel syndrome, 
ear-patella-short stature syndrome (Meier–Gorlin); Rus-
sell–Silver syndrome; microcephalic osteodysplastic bird-
head primordial dwarfism type I/III (MOPD I/ MOPD III); 
and microcephalic osteodysplastic primordial dwarfism type 
II.

MOPD II (OMIM # 210720) is typical with congenital 
disproportionate short stature, microcephaly, dysmorphic 
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face and characteristics skeletal dysplasia (Brancati et al. 
2005). Other signs and symptoms have been reported in 
MOPD II individuals, such as microdontia and cerebrovas-
cular (Hall et al. 2004) and insulin resistance (Bober and 
Jackson 2017). The adult height of MOPD II individuals 
was less than 100 mm and the circumference of the head was 
around 40 cm or less (Pachajoa et al. 2014). Interestingly, 
compared to normal people, patients with MOPD II have 
a smaller brain size, but most of them have almost normal 
intelligence. Although the incidence of MOPD II has not 
been estimated, MOPD II is one of the most common types 
of the microcephalic primordial dwarfism group with more 
than 150 individuals have been reported (Bober and Jackson 
2017). MOPD II is a genetically homogeneous condition 
caused by mutations in the PCNT gene (Chen et al. 1996; 
Bober and Jackson 2017). The PCNT gene spans 122 kb of 
genomic sequence on chromosome 21q22.3 with 47 exons 
and encodes a 3336-amino acid protein (Chen et al. 1996). It 
plays an important role in the process of mitosis phase of the 
cell cycle, therefore, mutations in this gene can cause dis-
ruption in cell division, followed by reduction of cell num-
ber as well as body size (Griffith et al. 2008; Willems et al. 
2010; Kim and Rhee 2014). Hitherto, 53 distinct mutations 
have been identified in the PCNT gene in MOPD II patients, 
including 24 nonsense mutations, 20 frameshifts mutations, 
eight splice site mutations and one in-frame deletion muta-
tion (Abdel-Salam et al. 2020; Waich et al. 2020).

In this study, we identify three novel mutations in the 
PCNT gene in two Vietnamese patients priory diagnosed 
with primordial dwarfism using whole-exome sequencing 
and Sanger sequencing.

Materials and methods

Patients who participated in the study were all agreed on by 
their parents. Genomic DNA was extracted from the periph-
eral blood of the two patients and members of their families 
using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, 
Germany), following the manufacturer’s instructions. 
Whole-exome sequencing was performed in the two patients. 
The DNA libraries were prepared according to the instruc-
tions of the Agilent SureSelect Target Enrichment Kit (Agi-
lent Technologies, CA, USA) and sequenced on Illumina 
sequencer (Illumina, CA, USA). Burrows-Wheeler Aligner 
tool v0.7.12 (Li and Durbin 2009) was used to map the 
sequencing reads with the GRCh37/hg19 reference human 
genome. The duplicate reads were detected and deleted using 
Picard tool v1.130 (http://broad insti tute.githu b.io/picar d/). 
The variants were called and annotated by using Genome 
Analysis Toolkit v3.4.0 (McKenna et al. 2010) and SnpEff 
v4.1 (http://snpeff .sourc eforg e.net/SnpEff .html). The popu-
lation frequency of the variants was estimated by comparing 

with the Exome Sequencing Project (https ://evs.gs.washi 
ngton .edu/EVS/), 1000 Genome (http://brows er.1000g enome 
s.org) and Kinh Vietnamese (KHV) database (https ://genom 
es.vn). Variants with a minor allele frequency > 0.01 were 
excluded. Variants were annotated by SnpEff v4.1. Then, 
candidate variants in the pathogenic genes related to pri-
mordial dwarfism (Supplementary Table S1) were screened. 
Selected pathogenic candidate variants were validated by 
Sanger sequencing and examined for whether the variants 
are de novo or inherited from the parents. Protein structural 
regions of PCNT protein were predicted by SMART (http://
smart .embl-heide lberg .de/). The pathogenicity of mutations 
was evaluated according to the five-tier classification system 
of the American College of Medical Genetics and Genom-
ics and the Association for Molecular Pathology (Richards 
et al. 2015).

Results

Clinical presentations

The patient I is the first child of non-consanguineous Viet-
namese parents. He was born at 34 weeks of gestation by 
cesarean section with a birth weight of 600 g. He was trans-
ferred to the intensive care unit for of postpartum care for 3 
months, in which, he received mechanical ventilation for one 
month. He could roll over at 7-month-old. At the age of 25 
months, he suffered from a convulsion without fever and was 
referred to the Vietnam National Children’s Hospital. At the 
time of examination, he presented with severe growth retar-
dation, with a height of 45 cm [13 standard deviations (SD) 
below the mean in normal subjects (− 13 SD)], a weight of 
3.5 kg (< − 5.4 SD) and a head circumference of 33.8 cm 
(− 11.1 SD). He had dysmorphic features, including micro-
cephaly, micrognathia, prominent nose, brachydactyly and 
hypotonia (Fig. 1a). He could not sit down and stand up. He 
has a high-pitched voice.

The patient II is the third child of non-consanguineous 
Vietnamese parents. He was born preterm with a gestational 
age of 35 weeks with a birth weight of 1.2 kg. He was admit-
ted to the hospital when he was 5-years-old. On examination 
at presentation, he had growth retardation with a height of 
76 cm (– 7 SD), a weight of 10.2 kg (– 4.5 SD) and a head 
circumference of 40.5 cm (– 6 SD). His developmental quo-
tient (DQ) score was 65%. His face was dysmorphic with 
a prominent nose, micrognathia and low-set ears (Fig. 1b). 
His primary teeth showed hypoplasia. He presented with 
brachydactyly, clinodactyly of the 5th finger and micrope-
nis (Fig. 1b). His skeletal X-ray demonstrated hypertrophy 
and metaphysis of the distal femurs and bilateral coxa vara 
(Fig. 1b). No abnormalities were detected on examination 
of the heart and brain systems.

http://broadinstitute.github.io/picard/
http://snpeff.sourceforge.net/SnpEff.html
https://evs.gs.washington.edu/EVS/
https://evs.gs.washington.edu/EVS/
http://browser.1000genomes.org
http://browser.1000genomes.org
https://genomes.vn
https://genomes.vn
http://smart.embl-heidelberg.de/
http://smart.embl-heidelberg.de/
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Molecular analyses and pathogenic interpretation

The whole-exome sequencing resulted in a total of 111,665 
variants in patient I and 109,176 variants in patient II (Supple-
mentary Table S2). Among them, only two frameshift muta-
tions (c.1435delA, p.Thr479Profs*6 and c.8223_8224delTG, 
p.Glu2742Alafs*8) in the patient I and a stop-gained mutation 
(c.5719 C > T, p.Gln1907*) in the patient II were determined 
as disease-causing mutations (Supplementary Table S3). All 
three of these mutations were predicted to cause disease by the 
Mutation Taster tool (http://www.mutat ionta ster.org/). Sanger 
sequencing revealed patient I carried a compound heterozy-
gous mutation c.1435delA and c.8223_8224delTG (Fig. 2b). 
Maternal PCNT allele harbored a heterozygous mutation in 
exon 9 (Thr479Profs*6) and paternal PCNT one contained a 
point mutation located in exon 38 (Glu2742Alafs*8). The A 
nucleotide deletion at position cDNA 1435 switched threo-
nine to proline at residue 479 and resulted in a frameshift, in 

which, PCNT protein may be truncated 6 amino acids down-
stream (Fig. 2a). The deletion of two GT nucleotides at posi-
tion c.DNA 8223_8224 changed glutamic acid to alanine at 
residue 2742 in the PCNT protein. An early termination codon 
appeared at 8 amino acids downstream (Fig. 2a).

Patient II carried the mutation c.5719 C > T in the homozy-
gous state. He inherited one maternal mutant allele and one 
paternal mutant allele (Fig. 2b). The mutation c.5719 C > T 
resulted in the substitution of Glu1907 with a stop codon, lead-
ing to a truncated PCNT.

Three mutations, c.8223_8224delTG, c.1435_1435delA 
and c.5719 C > T were submitted to ClinVar database under 
accession numbers SCV001441536, SCV001441537 and 
SCV001441538, respectively. These three mutations are 
classified as pathogenic mutations with one very strong evi-
dence of pathogenicity (PVS1), two moderate evidences of 
pathogenicity (PM2 and PM4) and one supporting evidence 
of pathogenicity (PP4) (Supplementary Table S4).

Fig. 1  Clinical manifestations of two patients. Patient I presented 
with microcephaly, micrognathia, prominent nose and brachydactyly 
(a). Patient II showed dysmorphic features consisting of a prominent 

nose, micrognathia, low-set ears, brachydactyly and clinodactyly of 
the 5th finger, hypertrophy and metaphysis of the distal femurs and 
bilateral coxa vara (b)

http://www.mutationtaster.org/
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Fig. 2  Mutations in the PNCT gene in the two families. Sanger 
sequencing revealed patient I carried a compound heterozygous muta-
tion c.1435delA (p.Thr479Profs*6) in exon 9 and c.8223_8224delTG 
(p.Glu2742Alafs*8) in exon 38 of the PCNT gene. The maternal 
PCNT allele harbored the mutation c.1435delA in the heterozygous 
state and the paternal one contained the mutation c.8223_8224delTG 
in the heterozygous state (a). Molecular genetic analyses revealed 

patient II carried the mutation c.5719 C > T (p.Gln1907*) in exon 28 
of the PCNT gene in the homozygous state with each mutant allele 
was inherited from his parents (b). Protein structural regions of 
PCNT protein were predicted by SMART, including the low com-
plexity region (pink), coiled-coil regions (green) and PACT domain 
(yellow) (c)
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Discussion

Our patients were initially clinically diagnosed with a PD 
group along with other forms of microcephalic primordial 
dwarfism as severe prenatal and postnatal growth retarda-
tions with marked microcephaly. Due to the heterogeneity 
feature of the diseases in the PD group, it is difficult to 
diagnose patients based on the clinical features. Therefore, 
we conducted whole-exom sequencing in the probands and 
screened mutations in all gene-related to the PD group 
(Supplementary Table  S1). Whole-exome sequencing 
identified three pathogenic mutations in the PCNT gene 
(p.Thr479Profs*6 and p.Glu2742Alafs*8 in patient I 
and p.Gln1907* in patient II). All these may inactivate 
the PACT domain corresponding to residues His3138 to 
Trp3216 of the PCNT (Fig. 2c). The PACT domain has a 
direct role in the reception of AKAP-450 and pericentrin 
to the centrosome (Gillingham and Munro 2000). This 
domain deputized as a coiled-coil region occupies close to 
the C terminus of centrosomal which were found in mam-
malian centrosomes, drosophila and fission yeast. PCNT 
serves as a central scaffold that anchors the complex of 
microtubule nuclei and other centrosomal proteins. The 
action of this protein ensures proper chromosome division 
during cell division. Truncating mutations were reported 
as a loss of functional PCNT, causing clinical conditions 
related to the disease (Rauch et al. 2008).

A recent study (Waich et al. 2020) also revealed that 
compound heterozygosity for two novel truncating PCNT 
mutations, c.1345_1864del (p.Leu449Thrfs*5) and 
c.3239_3240insCTGG (p.Gln1081Trpfs*114), reduced 
30% PCNT mRNA expression in patient’s fibroblast as 
compared to healthy control. However, 20% of patient’s 
fibroblasts showed normal microtubule and spindle organi-
zation in all mitotic phases, suggesting some residual 
function of PCNT protein which might be associated 
with attenuated growth restriction in MOPD II in the 
patients (Waich et al. 2020). In another recent study, a 
pathogenic frame-shift variant in PCNT gene (c.7511delA, 
p.Lys2504Serfs*27) was discovered in an Iranian female 
patient with MOPD II (Dehghan Tezerjani et al. 2020). 
The mutation c.7511delA, p.Lys2504Serfs*27 lost the 
PACT domain and a region binding to Nek2A, lead-
ing to the premature centrosome splitting in interphase 
(Dehghan Tezerjani et al. 2020). Therefore, the three trun-
cating mutations found in our patients may result a loss 
of PCNT protein, leading to their phenotype of MOPD II. 
As a result, the two patients were accurately diagnosed 
with MOPD II. The two patients in this study also shared 

the common characteristics of MOPD II such as growth 
retardation, dysmorphic features and skeletal abnormali-
ties. Our patients showed a severe postnatal growth fail-
ure which is consistent with the findings of the previous 
studies (Bober et al. 2012; Willems et al. 2010). Dysmor-
phic features such as micrognathia, prominent nose and 
brachydactyly which were reported in the previous studies 
(Willems et al. 2010; Bober and Jackson 2017; Vakili and 
Hashemian 2019) also observed in our patients. Interest-
ingly, patient II presented the rare skeletal abnormalities 
of MOPD II such as bilateral coxa vara and clinodactyly 
of the 5th finger. Coxa vara occurred in eight MOPD II 
patients with PCNT mutations (Fukuzawa et  al. 2002; 
Karatas et al. 2014; Bober and Jackson 2017; Abdel-Salam 
et al. 2020), however, only one patient showed bilateral 
coxa vara (Bober and Jackson 2017). Clinodactyly has 
been reported in six patients with MOPD II (Kozlowski 
et al. 1993; Hall et al. 2004; Willems et al. 2010; Unal 
et al. 2014; Bober and Jackson 2017). Of which, clinod-
actyly of the 5th finger was reported in the two individuals 
(Kozlowski et al. 1993; Bober and Jackson 2017).

Motor delay may be seen early in MOPD II patients (Hall 
et al. 2004). An Iranian female patient with MOPD II could 
not walk until the age of 2.5 years (Vakili and Hashemian 
2019). An Israeli male patient could not sit or stand on 
his own at the age of 14 months, however, at the age of 40 
months, he could walk independently (Weiss et al. 2020). 
In our study, patient I also could not sit and stand up at the 
age of 25 months. However, his conditions may improve 
with age.

Seven Asian patients with MOPD II carrying loss-of-
function mutations have been reported to date (Rauch et al. 
2008; Kantaputra et al. 2011; Li et al. 2015). In comparison 
with these seven patients, our patients shared similar symp-
toms such as microcephaly, micrognathia, prominent nose 
and brachydactyly (Table 1). However, our patients showed 
incapacity to sit down and stand up, bilateral coxa vara, dys-
plasia of the neck and head of femurs, hypertrophy of the 
distal femurs, humerus, forearms and clinodactyly of the 5th 
finger (Table 1).

Conclusions

In this study, the detection of mutations in the PCNT gene 
in two patients provided convincing evidence for a precise 
diagnosis for both patients with MOPD II. These results may 
contribute significantly to prenatal screening tests to help the 
doctors to genetic counsel for the patient’s family.
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Table 1  Clinical data of the Asian patients with the loss-of-function mutations in the PCNT gene

M male, F female

Patient Origin Mutation Sex Age at examination Clinical features References

1 Vietnam p.Thr479Profs*6,
p.Glu2742Alafs*8

M 25-month-old Microcephaly 
Micrognathia
Prominent nose; delayed teeth; 

abnormally small and dysplastic 
dentition Brachydactyly

Incapacity to sit down and stand 
up; high pitched voice

This study

2 Vietnam p.Gln1907* M 5-year-old Microcephaly
Micrognathia
Prominent nose, low-set ears; 

hypoplasia of the primary teeth; 
dysplasia of the neck and head 
of femurs; hypertrophy of the 
distal femurs, humerus, forearms; 
bilateral Coxa vara

Abnormality of the metaphysis
Clinodactyly of the 5th finger

This study

3 Thailan p.Glu1154* M 10-year-old Microcephaly; prominent nose; 
brachydactyly; rootless teeth

Kantaputra et al. (2011)

4 Thailan p.Glu1154* F 12-year-old Microcephaly; prominent nose; 
brachydactyly; rootless teeth

Kantaputra et al. (2011)

5 Thailan p.Arg1923*, p.Lys3154del M 26-year-old Micrognathia; prominent nose; 
low-set ears, brachydactyly; 
reduced number of teeth; severe 
microdontia

Kantaputra et al. (2011)

6 Thailan p.Arg1923*, p.Lys3154del F 24-year-old Micrognathia; prominent nose; 
brachydactyly; scoliosis; reduced 
number of teeth; severe micro-
dontia

Kantaputra et al. (2011)

7 India p.Trp2110* M 6-year-old Moyamoya disease; multiple 
infarcts; developmental; delay 
(severe, normal until strokes); 
abnormality of the metaphysis

Rauch et al. (2008)

8 India p.Gln1605* M 4-year-old Frontal cortical atrophy, moderate; 
anomaly of brain vessels (frontal 
atrophy) developmental delay 
(moderate)

Rauch et al. (2008)

9 China Ser3122Argfs*14, Ala2207Gl-
nfs*38

F 17-year-old Beaked nose; high-pitched nasal 
voice; partial agenesis of teeth; 
aneurysms

Li et al. (2015)
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