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ABSTRACT (max 250 words) 

POC1A encodes a protein with a role in centriole assembly and stability, and in ciliogenesis. 

Biallelic loss of function mutations affecting POC1A cause SOFT syndrome, an ultra-rare condition 

characterized by short stature, onychodysplasia, facial dysmorphism and hypotrichosis.  

Using exome sequencing, we identified a homozygous frameshift mutation (c.1047_1048dupC; 

p.G337Rfs*25) in a patient presenting with short stature, facial hirsutism, alopecia, dyslipidemia 

and extreme insulin resistance. The truncating variant affected exon 10, which is retained in only 

two of the three POC1A mature RNAs, due to alternative processing of the transcript.  

Clinical discrepancies with SOFT syndrome support the hypothesis that POC1A mutations affecting 

exon 10 are associated with a distinct condition, corroborating a previous hypothesis based on a 

similar case.  Furthermore, this report provides an additional example of a genetic condition 

presenting with clinical heterogeneity due to alternative transcript processing.  In conclusion, 

mutations in POC1A exons 10 should be taken into account in patients with extreme insulin 

resistance and short stature. 

 

 



1. INTRODUCTION 

Proteome Of Centriole 1A (POC1A) plays a central role in early phases of centriole duplication, as 

well as in the later steps of centriole length control, ensuring centriole integrity and proper mitotic 

spindle formation 1. Together with POC1B, it is an essential protein for ciliogenesis. Homozygous 

or compound heterozygous mutations in POC1A (#MIM 614783) cause Short stature, 

Onychodysplasia, Facial dysmorphism, and hypoTrichosis (SOFT) syndrome (#MIM 614813). At 

present, nine families with SOFT syndrome carrying a total of seven different biallelic POC1A 

mutations have been described 2-6. Major clinical features of SOFT syndrome include severe growth 

retardation, which occurs prenatally, facial dysmorphism (dolichocephaly, triangular elongated 

face, prominent forehead, ear abnormalities, prominent nose and pointy chin), brachydactyly and 

other skeletal features (osteopenia, short carpals, metacarpals, tarsals and metatarsals tubular 

bones), hypoplastic finger nails, and postpuberal hypotrichosis. Clinical findings in a subset of 

SOFT patients also include relative macrocephaly, type 2 diabetes, developmental delay, and 

hypogonadism in males.  

Patients’ cells show an abnormal mitotic mechanism with multipolar spindles and clearly impaired 

ciliogenesis 6.  

Recently, a homozygous frameshift mutation in exon 10 of the POC1A gene has been reported in a 

woman of Italian origin with clinical features of primordial dwarfism, skeletal dysplasia, facial 

dysmorphism, extreme dyslipidemia with insulin resistance and fatty liver, which only in part were 

reminiscent of SOFT syndrome 7. The authors suggested that, differently from what observed for 

the mutations causing SOFT syndrome, the mutation in exon 10 affects only two of the three 

POC1A isoforms generated by alternative processing of the POC1A transcript, preserving the 

isoform lacking exon 10.  



Here, we report on the second patient with a homozygous truncating POC1A mutation in exon 10, 

corroborating the view that POC1A mutations restricted to exon 10 are not associated with SOFT 

syndrome but cause a distinct condition characterized by extreme insulin resistance and short 

stature.  

 

2. MATERIALS AND METHODS 

2.1 Case description 

The proband was a 42-year old woman of Southern Italy origin, born from first cousins. The father 

was healthy, while the mother presented osteoporosis and presenile Parkinson’s disease with onset 

of the disease at 56 years of age.  

Patient’s first sign of disease was the appearance of acanthosis nigricans in the neck region at 7-8 

years of age, initially noted by proband’s mother. She had a premature menarche at 9 years old, 

followed by a worsening of acanthosis nigricans spreading to flexural areas including nasolabial 

folds, perioral region, armpits, perineum and ankles (Fig. 1A, B). She has short stature (138 cm, -4 

SD), and normal intelligence. From childhood, she presented hands with dorsal swelling of the soft 

tissues (Fig. 1C). Until adolescence, foot also showed a dorsal bulge, dramatically reduced from 16-

18 years of age. She also showed facial dysmorphism with micrognathia, prominent nose, low set 

ears, facial hirsutism that had been treated with laser therapy, alopecia and thinning hair (Fig. 1D) 

and eyebrows, in absence of nail and bone hypoplasia.  

On clinical examination, she presented lumbar lordosis not associated either to skeletal dysplasia or 

“dog-like” vertebral bodies at radiological investigations (Fig. 1E). Contrariwise, a dysplastic pelvis 

was observed (Fig. 1E). At 41 years of age, a further radiological examination documented a mild 

knee arthrosis and bilateral patella osteosclerosis (Fig. 1F). Lastly, lumbosacral MRI did not show 

any transitional vertebrae (Fig. 1G).   



At 14 years old, she was diagnosed with diabetes. She had severe fasting hyperinsulinemia, with 

high plasma levels of insulin after oral glucose tolerance test (120 min insulin level: 570 µU/µl, 180 

min insulin level: 249 µU/µl). Her body mass index was within normal range (24.1 kg/m2). Fasting 

glucose was normal until she reached 20 years of age. Thence, due to the persisting extreme insulin 

resistance, a combined therapy with metformin (1,500 mg/die) and insulin was introduced. At 

present, she is treated with fast-acting insulin (aspart 45 UI, three times/die) and long acting insulin 

(detemir 15 UI at night). In addition, she presented dyslipidemia with severe hypertriglyceridemia 

(350 mg/dl), mild hypercholesterolemia (220 mg/dl), and mild hyperuricemia. At recent 

examination, BMI remained within normal range but she showed a mild centripetal fat distribution 

and a fatty liver at abdominal ultrasonography. 

She has a long history of irregular menstrual cycles since adolescence and a estroprogestinic 

therapy was introduced. At 40 years of age, she developed amenorrhea, which was associated with a 

hyperprolactinemia (PRL: 999 ng/ml) of unknown origin, with a further increasing 6 months later 

(PRL: 3,379 ng/ml). Total testosterone, LH, FSH and TSH were in normal range. Brain MRI did 

not reveal any pituitary lesion (Fig.1H).  At 41 years, she was diagnosed with a bilateral carpal 

tunnel syndrome, and mild sensory motor symmetrical polyneuropathy at lower limbs likely due to 

diabetes.  

 

2.2 Genetic studies 

The proband and her mother provided written informed consent for the molecular analyses, and the 

study was approved by the internal Ethics Committee of the Department of Medical Sciences, 

University of Torino, Italy. Whole Exome Sequencing (WES) on the proband was outsourced to 

BGI-Shenzen using genomic DNA extracted from circulating leukocytes. Targeted enrichment was 

performed using SureSelect All Exon v4 kit (Agilent), and captured libraries were loaded onto an 

Illumina HiSeq 2000 platform (Illumina). WES data analysis was performed using an in-house 



implemented pipeline 8-10. High-quality variants were filtered by discarding those with MAF > 0.5% 

in ExAC 0.3 and with frequency > 2% in our in-house database. SnpEff toolbox v4.2 11 was used to 

predict the functional impact of variants, and retain missense/nonsense/frameshift changes, coding 

indels, and intronic variants at exon-intron junctions (within position -/+8). Functional annotation of 

variants was performed using snpEff v4.2 and dbNSFP2.9 11, 12.  

Based on consanguinity, we assumed an autosomal recessive model of inheritance for the trait, and 

retained all the homozygous variants located within LoH genomic stretches using Homozygosity 

Mapper 13 (http://www.homozygositymapper.org), setting 80 as the number of consecutive 

homozygous SNPs. Variants were then filtered according to their predicted functional impact, 

retaining those variants with CADD score >15 12, 14, and then prioritized taking into account the 

biological and clinical relevance of individual genes.  

Sequence validation and segregation analyses were performed by Sanger sequencing using an ABI 

3130XL and the ABI BigDye Terminator Sequencing Kit V 3.1 (Life Technologies). Sequences 

were examined using the SeqScape v2.6 Software (Life Technologies). 

 

2.3 Gene expression studies 

Patient’s RNA was isolated from PAXgene-stabilized blood sample using the PAXgene blood RNA 

kit (PreAnalytix). Commercial RNAs extracted from cell lines representing ten different human 

tissues (Human MTC Panel I, #636742 and Human Fetal MTC Panel, #636747, Clontech 

Laboratories) were used to test tissue-specific expression of the two major POC1A isoforms. cDNA 

was generated using the MLV Transcriptase (Applied Biosystem, Wilmington, DE, USA) from 1µg 

of total RNA. To confirm the presence of both 10+ and 10- POC1A isoforms, patient’s cDNA was 

amplified using primers already described in Chen et al., 2015 and PCR product was run on a 2% 

agarose gel stained with ethidium bromide. Bands were gel-purified and Sanger sequenced to 

confirm the presence of exon 9-exon10 and exon 9-exon11 junctions. POC1A expression was tested 



with primers described in Chen et al., 2015. Amplified cDNAs were run on a 2% agarose gel and 

stained with Ethidium bromide. Bands intensities from tissues’ cDNA were assessed using the 

ImageLAB software (Bio-Rad, Hercules, CA, USA). -actin was used as reference to determine 

POC1A expression levels. The ratio between mRNA isoforms containing (10+) and lacking (10-) 

exon 10 was also evaluated.  

 

3. RESULTS 

3.1 Genetic Analysis and gene expression studies 

WES statistics are reported in Supplementary Table 1. Data annotation predicted 13,841 high-

quality variants having functional impact (i.e., non-synonymous and splice site changes). Among 

them, 400 variants passed the public and in-house database filters and were taken into account for 

further analyses. Variants were then filtered to retain homozygous sequence changes located within 

LoH regions (Supplementary Table 2) with disruptive impact on protein structure/function 

predicted with confidence. Prioritization of the retained variants taking into account the biological 

relevance of individual genes allowed identifying POC1A as the best candidate disease gene. The 

proband carried a homozygous frameshift variant (c.1047_1048dupC, p.G337Rfs*25, NM_015426) 

affecting exon 10 of the gene. As expected, genotyping of maternal DNA confirmed the occurrence 

of the truncating variant at the heterozygous state, according to the recessive pattern of inheritance 

(Fig. 2 A, B).  

POC1A gene had previously been reported to cause SOFT syndrome, whose clinical phenotype 

significantly differs from that of the present patient (Tab. 1). Of note, a single case with a 

homozygous POC1A mutation and clinical features overlapping those exhibited by the present 

patient has recently been reported 7(Tab.1). Remarkably, this patient also carried a frameshift 



mutation in exon 10 of the gene, differing from location of the previously reported POC1A 

mutations underlying SOFT syndrome (Fig. 2B).   

RNA analysis performed on proband’s cDNA confirmed the presence of the 10+ and the 10- 

POC1A isoforms (Fig.2C). Expression analysis on adult and embryonic tissues showed that POC1A 

mRNA level varies considerably among tissues, and that the mRNA isoform lacking exon 10 is 

significantly represented in the POC1A mRNA pool, being from 34% (adult frontal cortex) to 8,6% 

(adult stomach) (Fig. 2C), supporting the hypothesis of a less severe clinical impact of mutations 

affecting this exon. 

 

4. DISCUSSION 

Pleiotropy is a common phenomenon in Mendelian diseases, and mutations affecting genes with 

pleiotropic effects can frequently cause distinct phenotypes. Different molecular mechanisms 

underlie this phenomenon 15. The pathogenic variants can affect diverse functional domains of the 

protein (e.g., PHD-like vs. helicase domains in ATRX), have mild or severe impact on protein 

function (missense vs. truncating mutations), or cause quantitatively distinct effects (loss of function 

vs. gain of function mutations). In a few but instructive cases reported in literature, different classes 

of mutations have been shown to specifically affect distinct isoform of the protein. One example is 

represented by mutations in  PLEC gene 16. Changes affecting exons common to all eight PLEC 

isoforms cause epidermolysis bullosa simplex (EBS), whereas mutations located in the alternative 

exon 1a, disrupt specifically the skin-specific isoform of the protein (P1a) and cause a less severe 

condition in which the disorder is limited to epidermis without extra cutaneous involvement. We 

describe the second patient with a homozygous mutation in the POC1A gene not associated with 

SOFT syndrome, and whose clinical features overlap those of a previous subject reported by Chen 

et al., 2015. Our case confirms that mutations in POC1A gene cause two distinct conditions: SOFT 

syndrome 6 and a variant phenotype (variant POC1A-related, vPOC1A, syndrome) characterized by 



extreme insulin resistance and short stature . The main clinical differences between the two 

“phenotypes” include an extreme dyslipidemia with insulin resistance and acanthosis nigricans, 

which represent a major feature in vPOC1A syndrome, but do not occur in SOFT syndrome. Facial 

dysmorphism is more severe and distinctive of patients with SOFT syndrome,  and ectodermal 

dysplasia has not been observed in the two reported cases with the vPOC1A phenotype (Table 1). 

SOFT-associated mutations are  nonsense 3, 6 or missense 2, 5 changes that affect all the three 

POC1A isoforms, causing a complete loss of function (Fig. 2). On the other hand, patients affected 

by the vPOC1A syndrome carry mutations restricted to exon 10 of the POC1A gene and affect only 

two of the three POC1A isoforms, maintaining functional the protein lacking exon 10 encoded 

region (in frame 48 a.a. deletion). The residual function of the protein likely explains the 

overlapping features of SOFT and vPOC1A syndromes, which are milder in the latter. Furthermore, 

the insulin resistant hyperinsulinemia, a distinctive phenotype of vPOC1A patients, may be due to 

the unbalance of the 10+/10- isoforms present only in those patients.  

Notably, POC1A encodes a protein associated with centrioles during the cell cycle and crucial for 

both mitotic spindle and primary ciliary function. Other genetic defects affecting the centrosome 

cause extreme insulin resistance with severe dyslipidaemia, such as Alström syndrome 17 and 

Microcephalic Osteodysplastic Primordial Dwarfism type II (MOPDII) 18, supporting a connection 

between dysregulated function of some centriolar and pericentriolar proteins and defective 

peripheral response to insulin and adipose tissue maintenance and regeneration.  

In conclusion, biallelic mutations in POC1A gene cause two clinically distinct conditions: SOFT 

syndrome, which is characterized by short stature, onychodysplasia, facial dysmorphism, and 

hypotrichosis, and a less severe phenotype, vPOC1A, which major features include extreme insulin 

resistance and short stature and is specifically caused by mutations affecting exon 10 of the gene. 

The present findings point to this specific class of mutations in POC1A as the cause of cases with 

idiopathic insulin resistance and short stature.  
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9. FIGURE LEGENDS. 

Figure 1. Clinical and neuroradiological findings.   

A) Acanthosis nigricans in nasolabial folds and perioral region.  B) Acanthosis nigricans of the 

flexural area of the ankle; right foot with dorsal swelling of the soft tissues. Shortening of the fourth 

metatarsal. C) Dorsal hand swelling of the soft tissues. D) Alopecia and thinning hair. E-G) X-ray 

images showing the hypoplastic pelvis (E). In panel F, mild bilateral knee osteoarthritis. 

Lumbosacral MRI (G) excluded any transitional vertebrae described in the other patient with 

POC1A pathogenic variant in exon 10 7. H) Cranial MRI did not reveal any pituitary lesion.  

 

Figure 2: Molecular findings.  

A) Pedigree of the family reporting the segregation of the pathogenic variant. Black symbol and 

arrow indicate the affected case (proband). A line above symbols indicates DNA availability. The 

sequence chromatogram showing the disease-causing mutation, c.1007_1008dupC 

(p.Gly337Argfs*25) in the POC1A gene, is reported. B) Structure of the three cDNA isoforms and 

predicted protein of POC1A are illustrated. On the left the corresponding accession numbers. Exons 

of the POC1A gene are distinct into coding (colored boxes) and non-coding (small black boxes). 

The corresponding functional domains are shown at protein level [N-terminal seven-bladed β-

propeller WD40 domain (green); C-terminal coiled-coil domain that includes the highly conserved 



Poc1 motif (light blue)]. All reported pathogenic variant are in homozygous state with the exception 

of a patient compound heterozygous (underlined). In black, pathogenic changes associated with 

SOFT syndrome; in red, pathogenic changes associated with IRSS syndrome. The 

c.1007_1008dupC (p.Gly337Argfs*25) variant identified in our patient is boxed. C) POC1A cDNA 

analysis. On the upper part, gel electrophoresis of patient’s cDNA showing 10+ and 10- POC1A 

isoforms. The splicing junctions (exon9-exon10 and exon9-exon11) were Sanger sequenced.  On 

the lower part, POC1A expression analysis. Histograms indicate tissue-specific expression of total 

POC1A (in yellow) and the ratio between mRNA isoforms containing (exon 10+) or lacking (exon 

10-) exon 10 (in light blue). From left to right, tissue analyzed were human adult brain, adult 

cerebellum, adult frontal cortex, fetal brain, adult heart, adult kidney, adult lung, adult placenta, 

adult stomach, and adult blood. 

 



Supplementary Materials 

 

Supplementary Table 1. WES characteristics and data output. 

  

WES enrichment kit SureSelect Human All Exon V4 (Agilent) 

Sequencing platform Illumina HiSeq 2000 

N° reads 72,232,178 

Mean read length 100 

Duplication rate 11 

Target regions coverage 97.9 

Target regions coverage > 20x 80.6 

Average depth on target 58x 

Total number of variants 55,382 

Variants with effect on CDS or affecting slice sites1 13,841 

Variants with low or unknown frequency2 400 

Homozygous variants 32 

  

  
1High-quality nonsynonymous single nucleotide variants and indels within coding sequence and intronic 

stretches flanking splice sites (-/+8) 
2 ExAC v.0.3 with low (<0.1%) or unknown MAF and with frequency <2% in our in-house database 

(approx. 700 population-matched exomes). 

 

 

Supplementary Table 2. List of the identified homozygous variants by WES analysis. 

gene Name Effect AA substitution 

CADD     

phred score 

ABCC5 missense p.Lys733Arg 
15.26 

ALDH1L2 missense p.Thr87Ala 
3.278 

ATXN2 disruptive_inframe_deletion p.Gln180_Gln187del 
10.11 

BCL6 missense p.Gln397His 
21.9 

CAMKK2 frameshift p.Gly539fs 
9.062 

CNTNAP3B splice_region . 
3.224 

COL22A1 splice_donor . 
24.3 

CYLD 5_prime_UTR_premature_start_codon_gain . 
6.778 

DDX54 missense p.Ala512Thr 
17.9 

DNAH7 splice_region . 
5.982 



GOLGA8O missense p.Asn33Lys 
0.001 

HEATR5A missense p.Cys1951Tyr 
25 

HLA-DQB1 missense p.Ser229Asn 
18.99 

ITPR3 missense p.Ser272Phe 
26.7 

KEL missense p.Arg728Cys 
29 

KRTAP5-5 frameshift p.Ala53fs 
22 

KTN1 frameshift p.Gln961fs 
27.8 

LOC1002879

44 
splice_region . 

15.94 

MBD3L5 missense p.Arg51Thr 
18.9 

P2RX7 missense p.Arg276Cys 
35 

PELI2 missense p.Arg325Gln 
25.4 

POC1A frameshift p.Gly337Argfs*25 
32 

REST missense p.Glu115Gly 
23.5 

RNF123 splice_region . 
5.401 

RRAS missense p.Ala157Gly 
15.55 

SAC3D1 missense p.Val108Met 
26.1 

SPATA31A5 missense p.His301Pro 
13.24 

TTC14 missense p.Leu75Val 
25.6 

ZNF106 5_prime_UTR_premature_start_codon_gain . 
0.066 

ZNF148 splice_region . 
11.62 

ZNF662 missense p.Arg347Gln 
10.17 

ZNF860 missense p.Cys543Arg 
23.1 

 

The predicted functional impact of high-quality private, rare and clinically associated homozygous variants 

was assessed by CADD tool. Low priority variants (CADD score < 15) are reported with gray background.  
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