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Abstract
Background: Microcephalic osteodysplastic primordial dwarfism type II 
(MOPD II) is a rare autosomal recessive disorder characterized by severe pre- 
and postnatal growth restrictions, microcephaly, skeletal dysplasia, severe teeth 
deformities, and typical facial features. Previous studies have shown that MOPD 
II is associated with mutations in the pericentrin (PCNT) gene.
Methods: We evaluated the clinical features of a 10-year and 7-month-old 
Chinese girl with MOPD II. Subsequently, next-generation sequencing and flow 
cytometry were performed to investigate genetic characteristics and the expres-
sion of PCNT protein respectively.
Results: The patient presented with short stature, microcephaly, typical 
craniofacial features, teeth deformity, thrombocytosis, and a delayed bone age 
(approximately 7  years). No abnormality in growth hormone or insulin-like 
growth factor 1 was detected. Notably, the patient was found to carry a novel 
homozygous PCNT mutation (c.6157G>T, p.Glu2053Ter), which was inherited 
from her healthy heterozygous parents. Meanwhile, significant deficiency of 
PCNT expression was identified in the patient.
Conclusion: Our study identified a novel PCNT mutation associated with 
MOPD II, expanded the mutation spectrum of the PCNT gene and improved our 
understanding of the molecular basis of MOPD II.
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1   |   INTRODUCTION

Microcephalic osteodysplastic primordial dwarfism type 
II (MOPD II, OMIM#210720) is a rare autosomal reces-
sive disease mainly characterized by severe intrauterine 
and postnatal growth retardation, microcephaly, typical 
skeletal dysplasia, severe dental anomalies, and obvious 
facial features (Rauch, 2011). In addition, some MOPD II 
patients also presented with cerebrovascular disease (moy-
amoya disease and aneurysms), hyperopia, precocious 
puberty, skin pigmentation, and hematological abnormal-
ities (thrombocytosis and leukocytosis, etc.). To date, only 
eight MOPD II cases have been reported in China (Chang 
et al., 2017; Chen et al., 2019; Li et al., 2015; Ma et al., 
2021; Meng et al., 2019; Zhou et al., 2019).

MOPD II is caused by biallelic loss-of-function muta-
tions of the pericentrin (PCNT) gene (Rauch et al., 2008; 
Willems et al., 2010). The PCNT gene, mapped to chro-
mosome 21q22.3, spans 121.61  kb of genomic sequence 
and contains 47 exons (Rauch et al., 2008). The PCNT pro-
tein encoded by PCNT gene is a highly conserved coiled-
coil protein composed of 3336 amino acid residues and is 
ubiquitous in human tissue. It is a primary component 
of pericentriolar material (PCM) and plays key roles in 
centrosome structure and function as well as spindle as-
sembly through anchoring the γ-tubulin at centrosomes 
(Mennella et al., 2012). Centrosome, composed of the cen-
triole and PCM, is the main microtubule organizing cen-
ter and is primarily responsible for cell cycle progression 
(Tibelius et al., 2009; Zimmerman et al., 2004). The defi-
ciency of PCNT protein leads to centrosome abnormalities 
resulting in spindle assembly abnormality and misorien-
tation, chromosome missegregation, mitotic failure, and 
impaired cell cycle progression (Barbelanne & Tsang, 
2014; Chen et al., 2014; Delaval & Doxsey, 2010).

In recent years, there have been only a few reports con-
cerning the genotype-phenotype association of MOPD 
II. The underlying molecular basis for most of the clini-
cal features of MOPD II remains undefined. Herein, we 
described a Chinese girl suffering from MOPD II caused 
by a novel homozygous mutation of PCNT gene and we 
elucidated the clinical and genetic characteristics of this 
patient. To our knowledge, previously reported 8 Chinese 

MOPD II cases were all caused by compound heterozy-
gous PCNT mutations and our study is the first report of 
a MOPD II patient with a homozygous PCNT gene muta-
tion in China.

2   |   MATERIALS AND METHODS

2.1  |  Subjects

A 10-year and 7-month-old patient and her parents 
were recruited from Kunming Children's Hospital. 
Consanguineous marriage was confirmed between the 
patient's parents. This study followed the principles of the 
1975 Declaration of Helsinki and got official approval from 
the Ethics Committee of Kunming Children's Hospital. 
Written informed consent was obtained from the parents 
of the patient before collecting blood specimens and pub-
lishing the identifiable photographs of the patient in the 
article.

2.2  |  Clinical evaluation

Detailed clinical assessments were performed, including 
physical, imaging, and laboratory examinations. Special 
attention was paid to height, weight, occipitofrontal cir-
cumference, skeletal features, hair, teeth, and craniofacial 
features of the patient during the physical examination. 
Imaging examinations included bone age assessment (left 
hand anteroposterior x-ray), hypophysis magnetic reso-
nance imaging (MRI), and computed tomography (CT) of 
brain. The laboratory examinations included hematology 
and endocrine system examinations (levels of insulin-like 
growth factor-1, growth hormone, trace elements, and go-
nadal hormones).

2.3  |  Next-generation sequencing (NGS)

We used the QIAamp DNA Mini Kit (Qiagen) to 
extract genomic DNA from peripheral blood. Nanodrop 
2000 (Thermo Fisher Scientific), an ultramicro 
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spectrophotometer, was applied to evaluate and quantify 
the extracted DNA. Qualified genomic DNA was frag-
mented randomly. End repair and addition of “A tails” of 
the DNA fragments were carried out using the Standard 
Library Construction Kit (MyGenostics, Inc.) and ampli-
fied by PCR. Then, 5× ligation buffer (10 μl), nuclease-free 
H2O (8  μl), adapter (2  μl), and DNA ligase (5  μL) were 
added, and incubated at 20°C for 15  min. The genomic 
DNA library was amplified by PCR and purified using 
Ampure beads (Beckman Coulter). The ratio of magnetic 
beads to samples was 1:1.

Next, the genomic DNA library was hybridized using 
the GenCap custom enrichment kit (MyGenostics, Inc.) 
at 65°C for 22 h. The biotin-labeled probe was covalently 
linked with streptavidin-modified magnetic beads to 
obtain the target DNA regions. The magnetic beads with 
the target gene were adsorbed by a magnetic rack. The ad-
sorbed beads were washed once with WB1 Buffer (25°C, 
15 min) and three times with WB3 Buffer (65°C, 10 min). 
The acquired DNA was purified by 80% ethanol and suc-
cessively eluted with elution buffer (30 min). The purified 
and eluted target DNA fragments were amplified by PCR.

The Illumina NextSeq 500  sequencer (Illumina, San 
Diego, CA, USA) was adopted as the sequencing plat-
form. After sequencing, Bcl2Fastq 2.18.0.12, Cutadapt 
1.16, Burrows-Wheeler aligner 0.7.10 (BWA), Samtools 
1.2, Bamtools 2.4.0, Genome Analysis Toolkit software 3.7 
(GATK), PolyPhen_2, SIFT, PANTHER, and Pathogenic 
Mutation Prediction was used for data processing and 
analysis. The detected mutations were analyzed using the 
1000 Genomes Project Database and the SNP Database. 
The detection results were filtered by the characteristics 
of mutation location, type, frequency, and site in the data-
bases to retain the likely pathogenic mutations. Finally, the 
identified mutations were compared in the Human Gene 
Mutation Database (HGMD; http://www.hgmd.org/) to 
determine whether the mutations had been reported.

2.4  |  Sanger sequencing

Genomic DNA from the parents of the patient were collected 
for Sanger sequencing to validate the mutations identified 
by NGS. According to the results of NGS, two primers were 
designed to amplify exon 30 of PCNT (NM_006031): exon 
30-forward: 5′-GCAAGGAGATGTAAGCCTTGG-3′; exon 
30-reverse: 5′-TTTCTTGAATGGGAGAATCTGG-3′. We 
subsequently performed PCR as follows: initial denatura-
tion at 94°C for 5 min, followed by 32 cycles of denaturation 
at 94°C for 30 s, annealing at 55°C for 45 s, and extension at 
72°C for 30 s, and a final extension at 72°C for 7 min. The 
products were sequenced, and DNASTAR (Madison) soft-
ware was applied to analyze the sequencing data.

2.5  |  Flow cytometry

Flow cytometry was used to examine the expression of 
PCNT protein in peripheral blood mononuclear cells 
(PBMCs) of the patient and her parents. PBMCs were col-
lected from peripheral blood of the above subjects using 
lymphocyte separation medium (TBD Science, LTS1077). 
Then, the separated PBMCs were washed with phosphate-
buffered saline (PBS) and centrifuged (4°C, 300 g, 10 min). 
Cell fixation and permeabilization were performed succes-
sively using the perfix-nc Kit (Beckman Coulter, A07803) 
according to the manufacturer's instructions. Next, 
1:200 diluted mouse anti-pericentrin antibody (Abcam, 
ab28144, UK) was added and incubated at room tempera-
ture for 30 min. After centrifugation (4°C, 360 g, 5 min), 
the supernatant was discarded while the precipitate was 
washed again and resuspended in 1ml PBS (precooling 
at 4°C). Finally, 1:400 diluted goat anti-mouse IgG H&L 
(FITC; Abcam, ab6785) was added for staining in the dark. 
BD FACSCanto II flow cytometer, FACSDiva, and FlowJo 
v10 software were used to collect and analyze data.

3   |   RESULTS

3.1  |  Clinical characteristics

The patient was a 10-year and 7-month-old girl, who was 
full-term and vaginally delivered with a birth length of 
30.1 cm (<−3SD) and a birth weight of 1 kg (<−3SD). The 
patient exhibited delayed language and motor develop-
ment. Specifically, she began to lift her head at 12 months 
(>2 to 3  months), sit independently at 2  years (>4 to 
5 months), crawl at 3 years (>5 to 12 months), stand alone 
at 4  years (>9 to 12  months), walk at 4.5  years (>12 to 
15 months), and talk at 4 years (normal children begin to 
say nouns at approximately 1 year, verbs at approximately 
1.5 years, and short sentences at approximately 2 years). 
At the age of 10 years and 7 months, the patient was ad-
mitted to Kunming Children's Hospital.

Physical examination (Figure 1) after admission 
showed that the patient had a short stature (81.8  cm, 
<−3SD), low weight (7.0  kg, <−3SD), obvious micro-
cephaly (occipitofrontal circumference 39.1 cm, <−3SD), 
sparse hair (Figure 1a), small and malformed teeth with 
wide interdental spacing (Figure 1b), and significant facial 
features including prominent eyes, broad nasal bridge and 
root, full nose tip, as well as proportionally small ears 
(Figure 1a). In addition, no skin pigmentation, coxa vara 
or talipes equinovarus (Figure 1c) were observed. The 
blood pressure of the patient was 70/58 mmHg, indicating 
no hypertension. Bilateral breasts were in Tanner stage 2, 
indicating the beginning of puberty.

http://www.hgmd.org/
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3.2  |  Imaging findings

Bone age assessment (left hand and wrist x-ray) showed 
that ossification centers of the left carpus and ulna were ap-
parent (the number of ossification centers of the carpus was 
9), and the medial sesamoid of the thumb was not observed 
(Figure 2a). The bone age of the child was estimated to be 
approximately 7  years, which was significantly younger 
than the actual age of the patient, indicating a delay in 
ossification. Hypophysis MRI (Figure 2b) and brain CT 
(Figure 2c) and revealed no obvious abnormalities.

3.3  |  Laboratory findings

3.3.1  |  Hematological parameters

The patient was found to have thrombocytosis without 
leukocytosis or anemia. Specifically, the platelet count was 

significantly increased (705 × 109/L; reference range, 100–
300 × 109/L), while the leukocyte count (8.55 × 109/L; ref-
erence range, 4–10 × 109/L) and the level of hemoglobin 
(118  g/L; reference range, 110–160g/L) were normal. In 
addition, the lymphocyte count (3.63  ×  109/L; reference 
range, 1–3 × 109/L), monocyte count (0.89 × 109/L; ref-
erence range, 0.2–0.7  ×  109/L), lymphocyte percentage 
(42.50%; reference range, 20–40%), monocyte percentage 
(10.40%; reference range, 3–8%), and plateletcrit (0.65; ref-
erence range, 0.108–0.282) of the patient were increased to 
varying degrees, while the neutrophil percentage (43.50%; 
reference range, 50–70%), mean corpuscular hemoglobin 
concentration (303.00 g/L; reference range, 320–360 g/L), 
mean platelet volume (9.2 fl; reference range, 9.4–12.5 fl), 
and platelet distribution width (10.00 fl; reference range, 
15.5–18.1  fl) were decreased. Besides, the fasting blood 
glucose value (4.7 mmol/L) of the patient was in the nor-
mal range (3.9–5.8 mmol/L). No obvious abnormality was 
found in the rest of the hematological parameters.

F I G U R E  1   Clinical characteristics of the patient. (a) The patient showed significant craniofacial features, including microcephaly, 
sparse hair, prominent eyes, broad nasal bridge and root, full nose tip, as well as proportionally small ears. (b) Small and malformed teeth 
with wide interdental spacing were observed in the patient. (c) The patient had a short stature but no skin pigmentation, coxa vara, or talipes 
equinovarus

F I G U R E  2   Imaging findings of the patient. (a) Bone age of the patient was examined through left hand and wrist X-ray. Ossification 
centers of the left carpus and ulna were apparent (the number of ossification centers of the carpus was nine), and the medial sesamoid of the 
thumb was not observed. (b) Hypophysis MRI showed no obvious abnormalities. (c) Brain CT revealed no definite pathological signs. CT, 
computed tomography; MRI, magnetic resonance imaging
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3.3.2  |  Endocrine assessments

Insulin-like growth factor-1 (IGF-1) testing showed no ab-
normality (375 ng/mL; reference range, 111–551 ng/ml). 
Growth hormone (GH) stimulation testing showed that 
the peak value at 90 min was 26.22 ng/mL (>10 ng/ml), 
indicating normal GH secretion. Moreover, the levels of 
trace elements (lead, zinc, iron, and copper) in the patient 
were normal. Sex hormone levels were also evaluated. In 
detail, the levels of luteinizing hormone (4.23  IU/L; ref-
erence range, 0.1–0.4 IU/L), follicle-stimulating hormone 
(14.77 IU/L; reference range, 0.4–6.6 IU/L), and estradiol 
(113.3 pmol/L; reference range, 22–99 pmol/L) were in-
creased, while the level of total testosterone (0.09 nmol/L, 
reference range 0.22–2.9 nmol/L) was decreased. Pituitary 
prolactin (474.70 mIU/L; reference range, 62–504 mIU/L) 
and progesterone (0.74  nmol/L; reference range, 0.7–
4.3 nmol/L) were within normal ranges. Fluctuations in 
the levels of these gonadal hormones were normal due to 
the onset of puberty in the patient.

3.4  |  A novel pathogenic mutation 
associated with MOPD II was identified 
in the PCNT gene of the patient

A novel homozygous nonsense mutation was identified 
in the PCNT gene of the patient (Ⅱ-1) through gene se-
quencing. Specifically, there was a single-nucleotide sub-
stitution from “G” to “T” at position of c.6157 in exon 30 
of the PCNT gene (c.6157G>T). This mutation altered the 
glutamate to a premature termination codon at the site of 
2053, leading to PCNT protein truncation (p.Glu2053Ter, 
“p.” for “protein sequence”) (Figure 3a). To date, there is 
no report of this mutation in the HGMD professional data-
base. Meanwhile, this is the first homozygous mutation of 
the PCNT gene reported in China and this mutation was 
likely to be the cause of MOPD II. The result of NGS was 
validated by Sanger sequencing. The sequencing results of 
her family members (Figure 3a) showed that the muta-
tion was inherited from her parents as both her father (Ⅰ-1) 
and mother (Ⅰ-2) had a heterozygous c.6157G>T mutation 

F I G U R E  3   Mutational analysis of 
all subjects. (a) The patient (II-1) was 
found to have a novel homozygous PCNT 
mutation (c.6157G>T, p.Glu2053Ter), 
which was inherited from her healthy 
heterozygous parents (father, I-1; mother, 
I-2). Nucleotide 6157 in the coding 
region was changed from guanine (G) to 
thymine (T) (c.6157G>T), which altered 
the glutamate to a premature termination 
codon at the site of 2053 (p.Glu2053Ter). 
Mutation sites are indicated by red arrows 
and squares. (b) Pedigree of the family. 
The father (I-1) and mother (I-2) were 
consanguineous. They were confirmed 
to be healthy carriers of this mutation 
without any symptoms, while their 
daughter (II-1) carrying the homozygous 
PCNT mutation showed typical symptoms 
of MOPD II
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in PCNT gene. Because MOPD II is an autosomal reces-
sive disease, we speculated that the patient suffered from 
MOPD II and the homozygous PCNT c.6157G>T muta-
tion led to the onset of the disease, while her parents are 
healthy carriers of this causative mutation (Figure 3b).

3.5  |  The expression of PCNT protein 
was significantly decreased in PBMCs 
from the patient

In order to further verify the pathogenicity of the causa-
tive mutation identified by genetic testing, the expres-
sion levels of PCNT protein in PBMCs isolated from all 
subjects were measured by flow cytometry. The flow 
cytometry results of the patient revealed that the peak 
for PCNT-positive cells nearly overlapped with the blank 
control peak (PCNT-negative cells), indicating that there 
was almost no PCNT expression (0.82%) in PBMCs of the 
patient (Figure 4). However, the results of her parents 
showed that the peaks for PCNT-positive cells partially 
shifted to right compared with the blank control peak and 
the expressions of PCNT protein in her father and mother 
were 46.3% and 42.0%, respectively.

4   |   DISCUSSION

MOPD II is a rare single-gene genetic disease charac-
terized by severe intrauterine and postnatal growth 
restriction accompanied by microcephaly (Klingseisen & 
Jackson, 2011). Patients with MOPD II will not grow taller 

than 110 cm even as adults. Both intensified nutrition and 
regulation with GH cannot alter the final growth, and 
GH therapy can even aggravate insulin resistance (Bober 
et al., 2012). PCNT protein plays an essential role in cen-
trosome function, mitotic spindle assembly and the regu-
lation of mitosis (Kim & Rhee, 2014), and the mutations of 
PCNT gene have been verified to have a close relationship 
with MOPD II. Here, we reported a rare case of MOPD 
II with a novel homozygous PCNT mutation (c.6157G>T, 
p.Glu2053Ter), which was inherited from the healthy car-
rier parents of the patient.

In our study, the patient exhibited significant short stat-
ure accompanied by microcephaly but no lack of GH or 
IGF-1. MRI revealed no hypophysis dysplasia. Therefore, 
we could exclude that the short stature of this patient 
was caused by hypophysis dwarfism or GH resistance 
syndrome (Lindsey & Mohan, 2016). The patient showed 
dental deformity and distinctive facial features, including 
prominent eyes, broad nasal bridge and root, full nose tip, 
and proportionally small ears. The clinical manifestations 
of the patient are consistent with previous publications 
about MOPD II (Hall et al., 2004; Rauch et al., 2008). 
Moreover, thrombocytosis and delayed ossification, two 
common abnormalities of MOPD II, were also found in 
the patient. Subsequently, a novel homozygous nonsense 
mutation (c.6157G>T, p. Glu2053Ter) on exon 30 of the 
PCNT gene in this patient was identified through genetic 
sequencing. This mutation led to an amino acid change 
from glutamate to a premature termination codon, caus-
ing translational termination of PCNT protein. Finally, 
the altered expression of PCNT protein was validated 
by flow cytometry. The result showed that expression of 

F I G U R E  4   The expressions of PCNT protein in PBMCs isolated from the patient and her parents. In the patient, the peak for PCNT-
positive cells nearly overlapped with the blank control peak. The percentage of PCNT-positive cells was 0.82%. In her parents, the peaks 
for PCNT-positive cells partially shifted to right compared with the blank control peak and the percentages of PCNT-positive cells were 
46.3% (in the father) and 42.0% (in the mother), respectively. The peaks of the blank control and the subjects are marked in red and blue, 
respectively. PBMCs, peripheral blood mononuclear cells
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PCNT protein was significantly decreased in the patient 
(0.82%) compared to her parents (46.3% and 42.0%) and 
confirmed the effect of this mutation on the expression 
of PCNT protein. Based on the clinical and genetic char-
acteristics, the patient was finally diagnosed as MOPD II.

It is worth noting that MOPD II is characterized by 
high clinical heterogeneity. Apart from the clinical man-
ifestations presented by our patient, MOPD II can be 
accompanied by other abnormalities. We collected char-
acteristic clinical manifestations of eight MOPD II cases 
previously reported in other studies and compared them 
to our case (Table 1). Specifically, some skeletal changes, 
such as talipes equinovarus and hip pathologies (includ-
ing coxa vara, hip dislocation/subluxation, and hip dys-
plasia), were respectively observed in Patient 6 and 7 but 
not in our case (Patient 1). The most detailed research of 
MOPD II with hip pathologies was completed by Karatas 
et al. (2014). Their results showed that approximately 67% 
of patients with MOPD II suffered from hip pathologies. 
MOPD II can also be associated with precocious puberty 
(in Patient 2 and 3), insulin resistance (in Patients 3 and 
5) and several hematological abnormalities other than 
thrombocytosis (in our patient), including leukocytosis 
and anemia (in Patient 4). In the study of Hall et al. (2004), 
13 of 22 male patients developed secondary sex character-
istics between the ages of 11 and 13, and 6 of 21 girls had 
their first menstruation at approximately 9 years of age. 
In our case, the 10-year and 7-month-old girl had normal 
breast development and gonadal hormone levels with-
out precocious puberty. As indicated by Huang-Doran 
et al. (2011), precocious puberty can be caused by insulin 
resistance, which is a very common symptom in MOPD 
II. According to their report, 86% of patients with MOPD 
II exhibited insulin resistance, which can lead to type II 
diabetes and acanthosis nigricans. Despite the absence of 
clear molecular mechanism of PCNT deficiency causing 
severe insulin resistance, the partial failure of adipocyte 
differentiation was considered to have the major contri-
bution to this (Huang-Doran et al., 2011). The clinical 
signs associated with insulin resistance such as abnormal 
fasting blood glucose levels and hypertension as well as 
acanthosis nigricans were not found in our patient, but 
fasting blood glucose, insulin levels, and blood pressure 
will continue to be monitored regularly in the daily clini-
cal management of our patient. Regarding hematological 
abnormalities, the research of Unal et al. (2014) revealed 
that 87.5% of MOPD II patients exhibited thrombocyto-
sis, 75% had leukocytosis, 62.5% had both thrombocytosis 
and leukocytosis, and 25% had anemia. Their study sug-
gested a significant effect of PCNT protein on the pro-
liferation and differentiation of hematopoietic cells. In 
addition, both Patients 8 and 9 had cerebrovascular dis-
ease. PCNT protein plays a crucial role in cerebrovascular 

development and the deficiency of PCNT protein is rec-
ognized as a major cause of cerebrovascular disease in 
MOPD II patients. According to previous reports, 25–50% 
of patients with MOPD II had cerebrovascular anoma-
lies, including moyamoya disease and aneurysm (Bober 
et al., 2010; Brancati et al., 2005; Dieks et al., 2014; Teo 
et al., 2016). Without timely and effective intervention, 
the above cerebrovascular anomalies may lead to isch-
emic stroke, hemiplegia, and even death with a mortality 
rate of 23% (Huang et al., 2017; Kılıç et al., 2012; Perry 
et al., 2013). Fortunately, no pathological signs of cere-
brovascular disease were found in our patient. As many 
researchers/clinicians believe that it is necessary to per-
form magnetic resonance angiogram (MRA) or CT an-
giography every year for patients diagnosed with MOPD 
II (Bober et al., 2010; Teo et al., 2016), we will continue 
monitoring the vessels to ensure vascular health of our 
patient. In addition to the above-mentioned symptoms, 
some MOPD II patients may present with varying de-
grees of psychomotor retardation. Majewski and Goecke. 
(1998) reported three MOPD II cases with remarkable 
psychomotor retardation, which was also observed in 
Patients 1, 6, and 8, but not in Patients 2, 5, and 7. (The 
psychomotor development of Patients 3, 4, and 9 was not 
described in the corresponding literatures.) Mutations in 
the PCNT gene and consequent PCNT protein defects may 
cause disruption of neuronal growth and circuitry as well 
as neurodevelopmental deficiency, thus resulting in psy-
chomotor retardation. In summary, the clinical manifes-
tations of MOPD II are highly heterogeneous, indicating 
the complex physiological functions of the PCNT pro-
tein. Furthermore, the mutations identified in the PCNT 
gene of these eight patients are different (genetic infor-
mation of Patient 7 was unknown). This result reflected 
high genetic heterogeneity of PCNT gene in MOPD II and 
suggested the necessity of molecular genetic analysis in 
precise diagnosis of MOPD II.

In addition, due to the consanguineous marriage in 
this family, there was also a possibility of other genetic 
defects. Two heterozygous mutations of the STIL gene 
(NM_001048166), including paternal c.1226G>C in exon 
11 and maternal c.1136C>T in exon 11, were found in our 
patient (Table 2). Previous studies have shown that muta-
tions in the STIL gene are closely related to microcephaly 
primary hereditary type 7 (MCPH7, OMIM#181590), a 
neural developmental disorder characterized by micro-
cephaly and significant mental retardation but no short 
stature (Kakar et al., 2015). Reduced cerebral structures 
(including the cortex and white matter), corpus callosum 
hypoplasia, simplified gyral pattern, and periventricular 
neuronal heterotopias are common neuroimaging abnor-
malities in MCPH patients (Naveed et al., 2018). However, 
our patient had short stature and no brain parenchymal 
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abnormalities were found through brain CT. Therefore, 
some clinical features and imaging findings of our patient 
did not fully conform to the characteristics of MCPH7. 
This compound heterozygous mutation in STIL gene 

(c.1226G>C/c.1136C>T) has uncertain significance to the 
phenotype, and more in-depth research is still needed in 
the future.

T A B L E  1   Clinical and genetic characteristics of the patients with MOPD II

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9

Gender Female Female Female Male Male Male Female Male Female

Age 10 years and 7 months 6 years and 11 months 10 years and 5 months 6 months 13 years 1 year and 6 months 11 months 3 years and 2 months 17 years

Clinical data

Short stature + + + + + + + + +

Length 81.8 cm 82.2 cm 84.8 cm NK 123.0 cm 55.0 cm 56.0 cm 60.4 cm 98.0 cm

Weight 7.0 kg 7.7 kg 8.6 kg NK 30.8 kg 4.1 kg 6.0 kg 5.0 kg 8.3 kg

Microcephaly + + + + + + + + +

Occipitofrontal 
circumference

39.1 cm NK 43.0 cm NK 47.6 cm 34.5 cm 41.0 cm 40.2 cm 35.0 cm

Psychomotor retardation + − NK NK − + − + NK

Typical facial features + + + + + + + + +

Dental anomalies + + + − + − + + +

Talipes equinovarus − − NK − − + + − −

Hip pathology − − NK − − − + − −

Cerebrovascular 
abnormalities

− − − − − − NK + +

Precocious puberty − + + NK − − NK NK −

Insulin resistance − − + NK + − NK NK −

Impaired glucose tolerance − + + NK + − NK NK −

Hypertension − − − NK + − NK + −

Skin pigmentation − − + − + − + − +

Thrombocytosis + − − + − − NK − −

Leukocytosis − − − + − − NK − −

Anemia − − − + − − NK − −

Genetic characteristics

PCNTa  mutations c.6157G>T (exon 30) c.1828dupT; 
c.1207+1G>A

c.6711delG (exon 30) c.2037 A>T (exon 13) c.3103C>T; c.502C>T c.7960G>T; c.9419T>A NK c.1527_1528insA (exon 
10)

c.9842A>C (exon 
45); c.6619Del-C 
(exon 30); c.9366-
9381Del-16 (exon 41)

Mutation type Homozygous Compound 
heterozygous

Homozygous Homozygous Compound heterozygous Compound heterozygous NK Homozygous Compound 
heterozygous

Reference This study Ma et al. (2021) Huang-Doran et al. 
(2011)

Unal et al. (2014) Chang et al. (2017) Zhou et al. (2019) Kraft et al. (2000) Piane et al. (2009) Li et al. (2015)

Abbreviations: −, absent; +, present; NK, not known.
aRefSeq reference transcript: NM_006031 (PCNT).

T A B L E  2   Possibly harmful gene mutations

Gene Mutations Chromosomal location Exons Mutation types Frequencya 

STIL (NM_001048166) c.1226G>C chr1-47748039 Exon11 Heterozygous 0.0001

c.1136C>T chr1-47748129 Exon11 Heterozygous 0.0029
aFrequencies of mutations in healthy populations.
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5   |   CONCLUSION

In conclusion, our patient was diagnosed with MOPD 
II caused by a novel homozygous mutation of the PCNT 
gene. Researching and reporting this novel pathogenic 
mutation will expand the mutation spectrum of PCNT 
gene and facilitate the genetic counseling and prenatal 
diagnosis of MOPD II. Future studies should be focused 
on exploring the clear genotype–phenotype correlation 
and the detailed molecular mechanisms associated with 
MOPD II.
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