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Objective: This study aimed to investigate the clinical and molecular biology of a
patient with a type of diabetes mellitus caused by a mutation in the POC1A (OMIM
number: 614783) gene and explore its pathogenesis and related characteristics.

Methods: The patient was interviewed about his medical history and subjected to
relevant examinations. Blood DNA samples were collected from the patient and his
family members (parents) for trio whole-exome sequencing. Whole-exome
sequencing was performed using the IDT xGen Exome Research Panel
v1.0 whole-exome capture chip and sequenced using an Illumina NovaSeq
6,000 series sequencer (PE150); the sequencing coverage of the target sequence
was not less than 99%. After systematic analysis and screening of the cloud platform
for accurate diagnosis of genetic diseases, which integrated molecular biology
annotation, biology, genetics, and clinical feature analysis, combined with a
pathogenic mutation database, normal human genome database, and clinical
feature database of 4,000 known genetic diseases, hundreds of thousands of
gene variants were graded using the gene data analysis algorithm, a three-
element grading system, and the American Society of Medical Genetics gene
variant grading system. After polymerase chain reaction testing, the target
sequence was verified by Sanger sequencing using an ABI3730 sequencer, and
the verification result was obtained using sequence analysis software.

Results: The patient had a peculiar face, a thin body, and a body mass index of 16.0 kg/
m?. His fasting connecting peptide was 10.2 ug/L, his fasting insulin was 44 mIU/L, his
fasting blood glucose was 10.5 mmol/L, and his glycosylated haemoglobin was 12.5%.
After hospitalisation, the patient was given 0.75 g/d metformin tablets and 15 mg/d
pioglitazone dispersible tablets, and his fasting blood glucose reduced to 9.2 mmol/L.
After 48 U/L insulin treatment, the patient's fasting blood glucose was reduced to
8.5 mmol/L. Genetic screening revealed that there was a pathogenic variant at the
POCIA gene locus and a cytosine-to-thymine mutation at the G81 locus, turning the
Arg to a termination codon and shortening the POC1A protein from 359 amino acids
(aa) to 80 aa. No mutation was detected in the patient's parents’ POCIA gene loci.

Conclusion: The patient’s diabetes was caused by a POCIA gene mutation at the
G81 locus, which is rarely reported in the clinic. The specific manifestations of this
mutation need to be further investigated.
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1 Introduction

Diabetes mellitus has a clear aetiology and well-known
characteristics. There are currently eight major types of diabetes,
including type A insulin resistance syndrome (U.S. National Library
of Medicine Genetics Home Reference, 2019), Donohue syndrome

(also known as leprechaunism) (Huggard et al, 2015),
Rabson-Mendenhall syndrome (Musso et al, 2004), and
lipoatrophic  diabetes (Lawson, 2009). The present study

investigated a 32-year-old patient with a rare POCIA gene
mutation resulting in a type of diabetes mellitus, for which a
detailed clinical diagnosis and molecular biological analysis were
performed.

2 Case description
2.1 Patient information

The patient was a 32-year-old male, unmarried, with elevated
blood glucose (fasting blood glucose up to 15.0 mmol/L), who had
been diagnosed with diabetes mellitus during hospitalisation for
trauma a year ago. He was treated with premixed insulin, which he
later discontinued himself due to poor glycaemic control, and
irregular oral medication to lower glucose, with poor glycaemic
control. On 15 August 2020, the patient was admitted to the hospital
to adjust his blood glucose after a fasting blood glucose level of
18.62 mmol/L was detected during the examination for a proposed
surgical treatment of ischial tuberosity. He had no complaint of
hypoglycaemia since the onset of the disease. He had normal growth
and development in early childhood, but his growth slowed down at
about 6 years old and stopped at about 10 years old. He had no
history of other chronic or infectious diseases and no family history
of hereditary diseases. He had a history of smoking 15 cigarettes a
day for 10 years. His parents were consanguineous, and both were
healthy, with normal random blood glucose and no similar
symptoms. His grandparents had no history of diabetes.

2.2 Relevant physical examination

Physical examination revealed that the patient had poor growth
and development, being thin and with short stature. His height was
125 cm, his weight was 25 kg, and he had a body mass index of
16.0 kg/m2. His facial features included a macrocephaly (head
circumference 58 cm), bossing of the forehead, prognathism,
prominent nose, and thin hair. There were low set ear,
hyperlipidemia and no significant deepening of the skin colour
on his body and no significant black acanthoid changes on his neck,
armpits, or popliteal fossa. His extremities were small, and the
phalanges of both his hands were thick and short. A mass
(3cm x 3 cm) was palpable in his left buttock. Secondary sexual
characteristics were developed, the external genitalia were slightly
immature, and he had little pubic hair. His primary hearing
screening was normal (see Figure 1) as the result of auditory
brain response (ABR) examination by MEB-9404C machine.

A figure showcasing a timeline with relevant data from the
episode of care (see Figure 2).

Frontiers in Genetics

10.3389/fgene.2023.1113314

FIGURE 1
Full body photo.

3 Diagnostic assessment and outcomes

Blood glucose, insulin, and related antibody tests were
performed after admission. The results showed mild liver
function damage, normal thyroid function, a normal routine
blood test, a fasting blood glucose of 15.02 mmol/L, and
glycosylated haemoglobin of 12.5%. The patient’s urine glucose
was 4+ and negative for diabetes autoantibodies (ICA, IAA,
GADA). Colour Doppler ultrasound showed a fatty liver. The
patient’s insulin and connecting peptide (C-peptide) release test
results are shown in Figure 3.

The patient had significantly elevated blood glucose but did not
rely on insulin therapy and did not have signs of ketoacidosis. He
was negative for insulin-related antibodies and was found to have
high C-peptide and insulin levels during the inpatient examination,
so type 1 diabetes was excluded. The patient was treated with a high
dose of insulin and was judged to be insulin resistant on the basis of
the results of his insulin and C-peptide release tests. Based on the
patient’s short stature, facial features, and parental consanguinity
history, a particular type of diabetes needed to be considered for
diagnosis, and gene sequencing was performed. A total of 3 mL of
whole peripheral blood was extracted from three members of the
family (the proband, his father, and his mother) for trio whole-
exome sequencing. The results showed that the patient had a
pathogenic POCIA (NM_015426.5) gene variation; specifically,
the base at position 241 in the coding region was a cytosine-to-
thymine (C-to-T) mutation, and this nonsense mutation was located
in exon 3. As a result, the encoded protein was terminated in
advance at amino acid 81, shortening the 327 amino acids
(c.241(exon 3) C>T, p.R81X,327) (see Figure 4).The associated
diseases were short stature, nail hypoplasia, facial dysmorphism,
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FIGURE 2
Showcasing a timeline with relevant data from the episode of care.
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FIGURE 3
Insulin and C-peptide release test.
hypotrichosis, all of which are associated with SOFT syndrome  variant of this also reported in ¢242G>A; p.R8IQ,

(clinically characterised by diabetes, short stature, and phalangeal
abnormalities in the fingers). And the phalanges we detected in this
study of both hands were thick and short. In combination with the
patient’s clinical features, the diagnosis of a specific type of diabetes
mellitus (SOFT syndrome) was confirmed. The proband was
homozygous, and his parents were heterozygous, which is
consistent with the pathogenesis of autosomal recessive disorders.

4 Discussion

There are many substitution-nonsense mutations in the POC1A
gene has been reported before (Sjoblom et al., 2006; Cancer Genome
Atlas Network, 2012; George et al, 2015; Landau et al., 2015;
Robinson et al., 2015; Hayward et al., 2017; Newell et al., 2019;
Lawson et al., 2020). In the COSMIC database, 267 variants are
reported in this gene, the mutation in this case, in ¢.241C>T, p.R81*
COSM4716289; is also reported in three samples, and another
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COSM3775216 in one sample. In 2012, Shalev et al. (Shalev
et al,, 2012) first reported an autosomal recessive disorder caused
by mutations in the PCO1A gene that was characterised by short
stature, nail hypoplasia, facial dysmorphism, and hypotrichosis.
Subsequently, Sarig (Sarig et al, 2012) reported such cases and
applied the term ‘SOFT syndrome’. To date, 29 cases of SOFT
syndrome have been reported worldwide, with only one case being
reported in China (Li et al., 2021). According to current reports,
patients with SOFT syndrome present with various manifestations,
including macrocephaly, microcephaly, low-set ears, hypertrichosis,
hyperlipidaemia, acanthosis nigricans, and severe insulin resistance,
in addition to the more common features (Al-Kindi et al., 2020).

Most patients diagnosed with SOFT syndrome have acanthosis
nigricans and severe insulin resistance, but they are usually
diagnosed with dwarfism rather than diabetes before puberty, at
which stage their glycaemic values have not yet reached the criteria
for diabetes mellitus. In the present study, a 32-year-old male patient
was initially diagnosed with type 2 diabetes mellitus and primary
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Sequencing results of PCR products of the proband and his family members.

dwarfism. Due to the patient’s facial features, thinning hair, severe
insulin resistance, and parents’ consanguineous marriage, the
possibility of a genetic mutation was put forward. The results of
subsequent genetic testing confirmed a pathogenic mutation at the
POCIA G81 gene locus.

Centrioles are important structures found in most animal cells.
They consist of nine highly stable microtubule triads that form a barrel-
shaped blade about 500 nm long and 200 nm in diameter (Azimzadeh
and Marshall, 2010). Centrioles are thought to play an essential role in
human mitosis and cilia formation, which are associated with human
diseases, especially developmental abnormalities. The proteome of
centrioles 1 (POCI) is a core component of centrioles and includes
two different isoforms, POCIA and POCIB, which are encoded by
different genes. POCI is mainly involved in centriole replication and
length control, as well as ciliogenesis (Venoux et al,, 2013). POC1A is
localised on the inner wall of centrioles, is proximal to them, and plays a
role in centriole formation and maintenance (Venoux et al.,, 2013).
Mutations in POCIA can lead to abnormal mitotic spindles and
centrioles, which severely impair centriole function and cause disease
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(Shaheen et al., 2012). Spermatogonial stem cell transplantation studies
have shown that POCIA is essential for the normal function of Sertoli
cells and germ cells and that POCIA mutations can lead to skeletal
dysplasia and primary dwarfism (Geister et al,, 2015).

Most of the currently reported POCIA gene mutations in SOFT
syndrome occur in exons 6, 8, 9, and 10. Three of these cases, all of
which exhibit short stature, hyperlipidaemia, acanthosis nigricans,
and extreme insulin resistance with highly overlapping clinical
features, have been found to have homozygous frameshift
mutations in exon 10 of the POCIA gene (Azimzadeh and
Marshall, 2010). Thus, Giorgio (Azimzadeh and Marshall, 2010)
suggested that POCIA gene mutations can lead to two different
conditions: SOFT syndrome and variant POCIA (vPOCI1A)
syndrome. The primary clinical differences between these two
phenotypes are extreme dyslipidaemia with insulin resistance and
acanthosis nigricans, which are the main features of vVPOCIA
syndrome but do not appear in SOFT syndrome. A novel
homozygous frameshift mutation in the patient’s POCIA may
affect two of the three protein products of this gene, which are
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associated with excess centrioles and multipolar mitotic spindles in
primary cells with extreme dyslipidaemia and insulin resistance
(Majore et al., 2021). POCIA encodes a protein associated with
centrioles throughout the cell cycle and is involved in the mitotic
spindle and primary cilia function; its dysfunction leads to extreme
dyslipidaemia and insulin resistance (Majore et al., 2021).

The mutation in the POCIA gene, ¢.241C>T, is not consistent with
any previously reported cases. However, only one case of gene variation
at this locus has been identified, and further studies are needed to
explore its specific pathogenesis. A timely and accurate genetic
diagnosis of such patients with specific clinical manifestations of
diabetes would help clinicians select appropriate treatments and
predict and prevent the development of the disease in family members.

Data availability statement

The datasets presented in this article are not readily available
because of restrictions on the release of the data imposed by
Affiliated Hospital of West Anhui Health Vocational College.
Requests should be directed to
corresponding author DL (dongfengli81@163.com).

to access the datasets

Ethics statement

The studies involving human participants were reviewed and
approved by Affiliated Hospital of West Anhui Health Vocational

References

Al-Kindi, A., AlShehhi, M., Westenberger, A., Beetz, C., Scott, P., Brandau, O., et al.
(2020). A novel POCIA variant in an alternatively spliced exon causes classic SOFT
syndrome: Clinical presentation of seven patients. J. Hum. Genet. 65 (2), 193-197.
doi:10.1038/s10038-019-0693-2

Azimzadeh, J., and Marshall, W. F. (2010). Building the centriole. Curr. Biol. 20 (18),
R816-R825. doi:10.1016/j.cub.2010.08.010

Cancer Genome Atlas Network (2012). Comprehensive molecular
characterization of human colon and rectal cancer. Nature 487 (7407),
330-337. doi:10.1038/naturel1252

Geister, K. A., Brinkmeier, M. L., Cheung, L. Y., Wendt, J., Oatley, M. J., Burgess, D. L.,
et al. (2015). LINE-1 mediated insertion into Pocla (protein of centriole 1 A) causes
growth insufficiency and male infertility in mice. PLoS Genet. 11 (10), €1005569. doi:10.
1371/journal.pgen.1005569

George, J., Lim, J. S, Jang, S. J., Cun, Y, Ozreti¢, L, Kong, G., et al. (2015).

Comprehensive genomic profiles of small cell lung cancer. Nature 524 (7563),
47-53. doi:10.1038/nature14664

Hayward, N. K., Wilmott, J. S., Waddell, N., Johansson, P. A., Field, M. A., Nones, K.,
et al. (2017). Whole-genome landscapes of major melanoma subtypes. Nature 545
(7653), 175-180. doi:10.1038/nature22071

Huggard, D., Stack, T., Satas, S., and Gorman, C. O. (2015). Donohue syndrome and
use of continuous subcutaneous insulin pump therapy. BMJ Case Rep. 2015,
ber2015210019. doi:10.1136/ber-2015-210019

Landau, D. A, Tausch, E., Taylor-Weiner, A. N, Stewart, C., Reiter, J. G., Bahlo, J.,
et al. (2015). Mutations driving CLL and their evolution in progression and relapse.
Nature 526 (7574), 525-530. doi:10.1038/nature15395

Lawson, A. R. J., Abascal, F., Coorens, T. H. H., Hooks, Y., O’Neill, L., Latimer,
C., et al. (2020). Extensive heterogeneity in somatic mutation and selection in the
human bladder. Science 370 (6512), 75-82. doi:10.1126/science.aba8347

Lawson, M. A. (2009). Lipoatrophic diabetes: A case report with a brief review of the
literature. J. Adolesc. Health 44 (1), 94-95. doi:10.1016/j.jadohealth.2008.06.007

Li, S. T., Zhong, Y., Yang, Y. J., He, S. P, and He, W. J. (2021). Further phenotypic
features and two novel POC1A variants in a patient with SOFT syndrome: A case report.
Mol. Med. Rep. 24 (1), 494. doi:10.3892/mmr.2021.12133

Frontiers in Genetics

10.3389/fgene.2023.1113314

College. The patients/participants provided their written informed
consent to participate in this study.

Author contributions

Conception and design DF. Administrative support SL and
JZ. Provision of study materials or patients LZ and GL. Collection
and assembly of data. CD and XY. Data analysis and
interpretation. DF, JZ and GL. Manuscript writing: Final
approval of manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Majore, S., Agolini, E., Micale, L., Pascolini, G., Zuppi, P., Cocciadiferro, D., et al.
(2021). Clinical presentation and molecular characterization of a novel patient with
variant POC1A-related syndrome. Clin. Genet. 99 (4), 540-546. doi:10.1111/cge.13911

Musso, C., Cochran, E., Moran, S. A., Skarulis, M. C., Oral, E. A,, Taylor, S., et al.
(2004). Clinical course of genetic diseases of the insulin receptor (type A and rabson-
mendenhall syndromes): A 30-year prospective. Med. Baltim. 83, 209-222. doi:10.1097/
01.md.0000133625.73570.54

Newell, F.,, Kong, Y., Wilmott, J. S., Johansson, P. A., Ferguson, P. M., Cui, C,, et al.
(2019). Whole-genome landscape of mucosal melanoma reveals diverse drivers and
therapeutic targets. Nat. Commun. 10 (1), 3163. doi:10.1038/s41467-019-11107-x

Robinson, D., Van Allen, E. M., Wu, Y. M, Schultz, N., Lonigro, R. J., Mosquera, J. M.,
et al. (2015). Integrative clinical genomics of advanced prostate cancer. Cell 161 (5),
1215-1228. doi:10.1016/j.cell.2015.05.001

Sarig, O., Nahum, S., Rapaport, D., Ishida-Yamamoto, A., Fuchs-Telem, D., Li, Q. L.,
et al. (2012). Short stature, onychodysplasia, facial dysmorphism, and hypotrichosis
syndrome is caused by a POC1A mutation. Am. J. Hum. Genet. 91 (2), 337-342. doi:10.
1016/1.ajhg.2012.06.003

Shaheen, R, Faqeih, E., Shamseldin, H. E., Noche, R. R,, Sunker, A., Alshammari, M. J.,
etal. (2012). POCIA truncation mutation causes a ciliopathy in humans characterized by
primordial dwarfism. Am. J. Hum. Genet. 91 (2), 330-336. doi:10.1016/j.ajhg.2012.05.025

Shalev, S. A., Spiegel, R, and Borochowitz, Z. U. (2012). A distinctive autosomal
recessive syndrome of severe disproportionate short stature with short long bones,
brachydactyly, and hypotrichosis in two consanguineous Arab families. Eur. J. Med.
Genet. 55 (4), 256-264. doi:10.1016/j.ejmg.2012.02.011

Sjoblom, T., Jones, S., Wood, L. D., Parsons, D. W, Lin, J., Barber, T. D, et al. (2006).
The consensus coding sequences of human breast and colorectal cancers. Science 314
(5797), 268-274. doi:10.1126/science.1133427

U.S. National Library of Medicine Genetics Home Reference (2019)Type A insulin
resistance syndrome. Available at: https://ghr.nlm.nih.gov/condition/type-a-insulin-
resistance-syndrome#statistics (Accessd June, 2019).

Venoux, M., Tait, X., Hames, R. S., Straatman, K. R, Woodland, H. R,, and Fry, A. M.
(2013). Poc1A and PoclB act together in human cells to ensure centriole integrity. J. Cell
Sci. 126 (1), 163-175. doi:10.1242/jcs.111203

frontiersin.org


mailto:dongfengli81@163.com
https://doi.org/10.1038/s10038-019-0693-2
https://doi.org/10.1016/j.cub.2010.08.010
https://doi.org/10.1038/nature11252
https://doi.org/10.1371/journal.pgen.1005569
https://doi.org/10.1371/journal.pgen.1005569
https://doi.org/10.1038/nature14664
https://doi.org/10.1038/nature22071
https://doi.org/10.1136/bcr-2015-210019
https://doi.org/10.1038/nature15395
https://doi.org/10.1126/science.aba8347
https://doi.org/10.1016/j.jadohealth.2008.06.007
https://doi.org/10.3892/mmr.2021.12133
https://doi.org/10.1111/cge.13911
https://doi.org/10.1097/01.md.0000133625.73570.54
https://doi.org/10.1097/01.md.0000133625.73570.54
https://doi.org/10.1038/s41467-019-11107-x
https://doi.org/10.1016/j.cell.2015.05.001
https://doi.org/10.1016/j.ajhg.2012.06.003
https://doi.org/10.1016/j.ajhg.2012.06.003
https://doi.org/10.1016/j.ajhg.2012.05.025
https://doi.org/10.1016/j.ejmg.2012.02.011
https://doi.org/10.1126/science.1133427
https://ghr.nlm.nih.gov/condition/type-a-insulin-resistance-syndrome#statistics
https://ghr.nlm.nih.gov/condition/type-a-insulin-resistance-syndrome#statistics
https://doi.org/10.1242/jcs.111203
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1113314

	Case Report: Identification of a rare nonsense mutation in the POC1A gene by NGS in a diabetes mellitus patient
	1 Introduction
	2 Case description
	2.1 Patient information
	2.2 Relevant physical examination

	3 Diagnostic assessment and outcomes
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note
	References


