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ABSTRACT
Alteration in the ubiquitin-proteasome system results in human disorders with neurological and/or autoinflammatory presenta-
tion. Haploinsufficiency of PSMD12, which encodes a subunit of the core component of the proteasome, causes Stankiewicz-
Isidor syndrome (STISS), characterized by intellectual disability, autism spectrum disorder, craniofacial dysmorphisms, with or 
without other congenital anomalies, and autoinflammation. We described six patients (four adults) from two unrelated families 
carrying a known p.(Arg289*) or a novel p.(Tyr111*) PSMD12 variant. Portraying a completely penetrant condition with inter- 
and intra-familiar clinical variability, all individuals presented with developmental delay, intellectual disability, craniofacial, 
and skeletal anomalies. Novel findings in our cohort included unilateral ectopic fingernail, cholesteatoma, oligodontia, and the 
occurrence of an ovarian teratoma. Most subjects had acne, short stature, and developed obesity since late childhood. Eating 
behavior was reported. Good sociality and behavioral concern emerged as well. None presented clinical manifestations of auto-
inflammation and the detected IFN-I signature perturbations were not specific. Together with a complete literature review, we 
expanded the clinical spectrum of STISS, highlighting the relevance of inherited variants, and discussing challenges in diagnosis 
and management. We finally consider the intriguing role of PSMD12 in human development and propose to index “onychoheter-
otopia” among the Human Phenotype Ontology terms.

1   |   Introduction

High-throughput technologies significantly contributed to im-
prove the diagnostics of neurodevelopmental disorders (NDDs). 
Proband-parent trios sequenced by exome (ES) or genome (GS) 
followed by filtering for de novo, X-linked or biallelic variants 
has proven to be a powerful strategy in the diagnostic pathway of 

these conditions (Martin et al. 2018; Sahin and Sur 2015). With 
more than 4000 genes associated with NDDs, most pathogenic 
variants occur de novo, involve exons, and, in half cases, dis-
rupt the gene function (Deciphering Developmental Disorders 
Study 2017). Among familial NDDs, the most frequent models 
of inheritance are either X-linked or autosomal recessive, with 
rare inherited autosomal dominant (IAD) NDDs. Generally, the 
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interpretation of molecular data in IAD NDDs is challenging, 
due to incomplete penetrance, clinical variability with mild 
manifestations, and parental mosaicism.

The disruption of genes—such as UBE3A, UBE3B, HUWE1, USP7, 
USP9X, and PSMD12—interacting in the ubiquitin-proteasome 
system (UPS) pathway for the regulation of cellular homeostasis 
through degradation of intracellular ubiquitin-conjugated pro-
teins results in a host of heterogenous NDDs (Ebstein et al. 2021) 
(Supporting Information, Figure  1). PSMD12 (OMIM *604450) 
encodes for a regulator component of the 26S proteasome com-
plex, which is a marker of ubiquitination targeting proteins in-
tended for degradation. Heterozygous loss-of-function PSMD12 
variants and PSMD12 deletions are associated with “Stankiewicz-
Isidor syndrome” (STISS) (OMIM #617516), characterized by 
delayed psychomotor development, intellectual disability (ID), 
autism spectrum disorder (ASD), behavior anomalies, cranio-
facial dysmorphisms, and variable congenital anomalies (Küry 
et al. 2017). In some cases, the disruption of PSMD12 function has 
been related to autoinflammation and a type I interferon (IFN-I) 
signature (Isidor et al. 2022; Yan et al. 2022).

We report six individuals including four adults from two un-
related families exhibiting a syndromic NDD, with a known 
(c.865C>T; p.(Arg289*)) or a novel (c.333T>G; p.(Tyr111*)) 
nonsense variant in PSMD12. Together with the complete lit-
erature review, we stress the inheritance of PSMD12 variants 
and expand the STISS spectrum phenotype by: (a) describing 
different medical histories, (b) reporting novel clinical signs, (c) 

documenting heterogenous IFN-I alterations without clinical 
signs of inflammation, and (d) highlighting complete penetrance 
with inter- and intra-familial clinical variability of this condi-
tion. Accounting onycoheterotopia among congenital anomalies 
in PSMD12-related spectrum, we finally propose to index the 
term among the ontology of human phenotypic abnormalities.

2   |   Methods

2.1   |   Patients' Enrollment and Clinical Evaluation

Patients have been referred and evaluated at the Institute for 
Maternal and Child Health IRCCS Burlo Garofolo, Trieste, Italy.

2.2   |   Molecular Analysis

Sample collection and processing; data analysis, variant fil-
tering, prioritization, and interpretation were performed as 
summarized in the Supporting Information (See Data  S1). 
Confirmation and segregation analysis of variants were per-
formed by Sanger sequencing.

2.3   |   Quantification of the Interferon Score (IS)

Sample collection, processing, and analysis were performed as 
summarized in the Supporting Information (See Data S1).

FIGURE 1    |    Pedigrees and clinical pictures of affected individuals from both families. (A) Pedigrees and electropherograms of F-1; (B) Pedigrees 
and electropherograms of F-2; genotypes for PSMD12 are indicated in the pedigree. Variants showed in the electropherograms correspond to: 
c.865C>T, p.(Arg289*) and c.333T>G, p.(Tyr111*); PSMD12 gene (NM_002816.3); (C) Photos of the affected individuals from F-1: 1. p1, newborn; 
2. p1, child; 3. p1, adolescence; 4. p1, adolescence; 5. p1 hands; 6. p2, newborn; 7. p2, child; 8. p2, adolescence; 9. p2, adolescence; 10. p2 feet; 11. p3, 
newborn; 12. p3, child; 13. p3, adult; 14. p3, adult; 15. p3 hands; 16: p1 and p2, childhood. (D) Photos of the affected individuals from F-2: 1. p1, child; 2. 
p1, child; 3. p1 oral cavity and palate; 4. p1 feet; 5. p1 hands; 6. p2, adult; 7. p2, adult; 8. p2 feet; 9. p2 hands; 10. p2 right thumb with ectopic fingernail; 
11. p3, adult; 12. p3, adult; 13. p3 feet; 14. p3 hands; 15. p1 back; 16: p2 front. (F-1 for Family 1; F-2 for Family 2; p for probands).
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2.4   |   Literature Review

We searched MEDLINE (PubMed) with the keywords UPS, 
NDD, or STISS in combination with germline PSMD12. Articles 
written in English and published until July 2024 were included. 
Only cases with a confirmed molecular diagnosis were included.

3   |   Results

3.1   |   Molecular Findings

Quartet (parents and two affected siblings) family 1 (F1) WES 
analysis identified the heterozygous nonsense variant c.865C>T, 
p.(Arg289*) in PSMD12 (NM_002816.3), in both siblings (F1p1 
and F1p2) and their father (F1p3). The variant is predicted to 
have a stop-gain effect, has a null frequency in gnomAD and 
in 1000 Genomes. It is classified as damaging by in silico pre-
diction software (PaPI score: 0.988; DANN score: 0.998), it has 
already been reported as pathogenic in the HGMD database and 
described in the literature (Yan et al. 2022). Paternal grandpar-
ental DNA samples were tested by Sanger sequencing: the vari-
ant resulted to be de novo in F1p3.

Quartet (parents and two affected siblings) family 2 (F2) WES 
analysis identified the heterozygous nonsense variant c.333T>G, 
p.(Tyr111*) in PSMD12 (NM_002816.3), in both siblings (F2p1 
and F2p2) and their mother (F2p3). Resulting in the creation of a 
premature termination codon, the variant is predicted to have a 
stop-gain effect. It is a novel variant, not reported in databases of 
healthy individuals and gene mutations, classified as damaging 
by in silico prediction software (PaPI score: 0.964; DANN score: 
0.991). Maternal grandparental DNA samples were not available 
for testing. There was no evidence of somatic mosaicism in the 
exome and Sanger sequencing data in either F1p3 or F2p3.

Both variants were considered pathogenic according to the 
ACMG guidelines (Richards et al. 2015).

3.2   |   Clinical Reports

F1 is a non-consanguineous family of northeast Italian ancestry 
with two siblings affected by mild ID (pedigree in Figure 1A). 
The older daughter (F1p1) presented neonatal mild hypotonia 
with feeding difficulties, global developmental delay, recur-
rent otitis media with effusion managed with tympanoplasty 
and a surgically removed ovarian mature teratoma at the age 
of 17 years. At the age of 18, she was first referred to the clini-
cal geneticist because of a mild ID (IQ = 65) without behavioral 
concerns, short stature (height at −2,3SD), and obesity (BMI 
33.5 kg/m2). She showed diffuse acne and stretch marks. Facial 
appearance evolved during growth: as an adolescent, she ex-
hibited brachycephaly, hypertelorism, posteriorly rotated and 
oval ears, and micrognathia (Figure 1C). She had puffy hands 
with mild brachydactyly (Figure 1C), bilateral thinned distal ra-
dial epiphysis without a proper Madelung deformity at X-rays, 
and oligodontia. Ultrasound examination documented hepatic 
steatosis with pancreatic fatty involution. Her younger brother 
(F1p2) had a history of intrauterine growth restriction (IUGR) 
and was prematurely delivered at 36 + 4 weeks of gestation 

because of maternal preeclampsia, being born small for gesta-
tional age. He presented a global developmental delay with prev-
alent speech delay and received a diagnosis of mild ID (IQ = 65), 
deserving of school support. Facial appearance evolved during 
growth (Figure 1C). At the age of 15, he showed normal growth 
parameters, diffuse acne, mild hypertelorism and low-set, pos-
teriorly rotated ears, arched palate, malocclusion with reverse 
bite, and bilateral pes cavus (Figure 1C). Despite a common im-
maturity in their behavior, both siblings reported a globally good 
social life. Brain MRI, echocardiography, and X-Ray bone age 
were normal in both probands (F1p1 and F1p2). Reverse pheno-
typing evaluation pointed out learning difficulties with a poor 
educational outcome in the siblings' father (F1p3). F1p3 was 
overweight, with a tendency to gain weight since adolescence, 
and presented a final height of 160 cm. Upon clinical examina-
tion, he showed a shy behavior, mild dysmorphisms with broad 
forehead, mild frontal bossing, and brachydactyly (Figure 1C). 
IFN-I alteration was measured for F1p2 (positive IS value of 9.5). 
F1p1 and F1p3 showed negative IS calculations.

F2 is a non-consanguineous family (pedigree in Figure  1B). 
The index case (F2p1) was a 12-year-old girl, born at 31 weeks of 
gestation after a pregnancy complicated by gestational diabetes 
and suspicion of spina bifida at ultrasound evaluation. She was 
admitted to neonatal intensive care unit for a severe respiratory 
distress. At birth, she showed cleft palate, which was surgically 
corrected. Echocardiography pointed out an interventricular 
defect. Upon evaluation, she had a severe, global developmen-
tal delay with moderate ID (QI < 40), a severe adaptive behavior 
with apathy. The girl had also convergent strabismus resistant 
to surgical treatments and untreated unilateral hearing loss 
associated with cholesteatoma. At the physical evaluation she 
appeared obese (Figure 1D). She had a broad forehead, small, 
low-set ears, hypertelorism with upslanted, narrow palpebral 
fissures, wide nasal bridge, micro-retrognathia, microstomia 
with narrow palate and crowded teeth (Figure 1D). She exhib-
ited kyphoscoliosis, hand brachydactyly, tapering fingers, flat 
feet with 2–3 and 4–5 syndactyly and an advanced bone age at 
hand X-rays. She had also diffused acne and bilateral axillary 
acanthosis nigricans.

Her brother (F2p2) was evaluated at 22 years of age. He was 
born at 38 weeks of gestation, requiring incubator for low birth 
weight. The parents reported a history of global developmental 
delay with learning difficulties, mild ID with behavior concern 
characterized by fluctuating temper with irritability and ag-
gression alternating to apathy. His weight was under the 3rd 
centile until the age of seven, when he progressively started 
gaining weight and became obese in late childhood, with cen-
tral fat distribution and a BMI > 44 kg/m2. Behavioral eating 
disorder was also noted. Furthermore, he presented strabismus, 
ocular hypertelorism with palpebral upslanting, ogival, nar-
row palate, and wide uvula (Figure 1D). He had flat, wide feet 
with 2–3 and 4–5 syndactyly, kyphoscoliosis, and genu valgum 
(Figure 1D). He also showed congenital unilateral, ectopic, su-
pernumerary fingernail, appearing as a triangular, hard nail, 
growing from a linear base located in the external surface of the 
right thumb, resistant to various attempts of surgical eradica-
tion (Figure  1D). The siblings' mother (F2p3) was an adopted 
49-year-old woman. She reported a history of delayed speech 
development, learning difficulties, needing daily support and 
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help in everyday activities. She had recurrent and unexplained, 
spontaneous abortions at the first trimester. She presented mild 
palpebral upslanting, low-set columella and narrow palate, genu 
valgum, wide feet with 2–3 and 4–5 syndactyly (Figure 1D). She 
had a short stature (152 cm), appeared obese (BMI > 40 kg/m2) 
and presented a cardiac murmur. Weak IFN-I alteration was 
measured for F2p3 (IS value of 4.4), whereas F2p1 and F2p2 dis-
played negative IS values.

3.3   |   Literature Review

Six papers reporting PSMD12 patients have been selected from 
the literature by PubMed research. Five articles in English lan-
guage have been finally included in the study, whose data have 
been summarized together with those related to our patients 
(Table S1).

4   |   Discussion

4.1   |   Syndromic NDDs With Autosomal Dominant 
Inheritance

Autosomal dominant inheritance of pathogenetic variants is 
quite unusual in large cohorts of NDDs patients analyzed by trio 
WES (Gao et  al.  2019). For instance, only a single occurrence 
of IAD has been reported by analyzing 87 families with NDDs 
(Álvarez-Mora et  al.  2022). In particular, series of IAD NDDs 
included Snijders Blok-Campeau syndrome related to CHD3 
gene, ZNF292-, and TLK2- related disorders (Mirzaa et al. 2020; 
Reijnders et  al.  2018; Van Der Spek et  al.  2022). Sometimes, 
pathogenetic variants may be inherited by a healthy or mildly 
affected parent, who is a somatic mosaic for the variant (Chérot 
et al. 2018). Asymptomatic parents may also transmit a patho-
genic variant in case of monogenic intellectual disability associ-
ated with autosomal dominant gene with incomplete penetrance 
(de Masfrand et al. 2024).

In most patients affected by STISS, PSMD12 pathogenic vari-
ants occurred de novo (Isidor et al. 2022; Khalil et al. 2018; Küry 
et al. 2017) (see Table 1). However, two families were described, 
both with a variant transmitter father who was mildly affected 
(Khalil et al. 2018; Yan et al. 2022). We described here two addi-
tional families with maternal as well as paternal inheritance of 
a novel or a known PSMD12 truncating variant. In both cases, 
we experienced the referral of a single index proband, the fe-
male affected sibling. As part of the genetic evaluation, detailed 
family history is collected and further clinical evaluation may be 
indicated. In particular, the attribution of the disease phenotype 
to parents is crucial for variant interpretation in trio WES anal-
ysis. Since the possibility of variable expressivity with minimal 
exhibiting signs in autosomal dominant inheritance, we high-
lighted the opportunity of probands' first-degree relatives and 
grandparents assessment too.

4.2   |   Clinical Presentation and Novel Findings

We describe six patients affected by STISS presenting with 
global developmental delay, ID (1 moderate, 5 mild), craniofacial 

dysmorphisms, skeletal anomalies, and new clinical features ex-
panding the already reported disease manifestations (Table 1).

Despite the gestalt is not specific, hypertelorism, small, low-set 
ears, and micro-(retro)gnathia were frequent dysmorphisms. 
In contrast, upslanting of the palpebral fissures and low hang-
ing columella in F2 were unreported craniofacial anomalies. 
Moreover, palate defects, including the second case of cleft pal-
ate, narrow palate, and broad uvula were recurrent features, 
whereas dental crowding, and related malocclusion, seem a 
novel finding together with oligodontia (F1p1). In addition, we 
reported for the first time unilateral cholesteatoma (F2p1).

Skeletal findings were reported in almost half of the patients 
with STISS (Isidor et al. 2022; Khalil et al. 2018; Küry et al. 2017). 
The most frequent findings were 2–3 toe syndactyly, kyphosco-
liosis, and flat feet. Our patients presented 2–3 toe syndactyly, 
sometimes together with 4–5 toe syndactyly. Previous studies 
reported syndactyly only in association with 17q24 contiguous 
gene deletions (Hancarova et  al.  2018; Küry et  al.  2017; Naud 
et  al.  2017). However, skeletal and craniofacial abnormalities 
have been already reported in STISS due to point mutations in 
PSMD12.

We described the first case of congenital, persistent onychohet-
erotopia in F2p2. No similar anomalies were noted neither in 
other fingers, toes or extradigital locations, nor in his relatives. 
Congenital ectopic nail or onychoheterotopia is an extremely rare 
condition of undetermined pathogenesis (Ferrari, Mazzarello, 
and Barbi  2021; Riaz, Rashid, and Khachemoune  2011). It is 
generally sporadic, rarely it recurred in some families, and only 
in a minority of cases it has been associated with other malfor-
mations, such as Pierre Robin sequence or skeletal anomalies 
(Ferrari, Mazzarello, and Barbi 2021; Franceschini et al. 2001; 
Miura 1978; Roger et al. 1986). Terms as “onychoheterotopia” or 
“ectopic nail” have not yet been included in clinical databases, 
such as the Human Phenotype Ontology (HPO), which provides 
a standardized vocabulary of phenotypic abnormalities encoun-
tered in human disease (Human Phenotype Ontology  n.d.). 
At the best of our knowledge, this is the first evidence of ec-
topic, supernumerary fingernail in a monogenic syndrome. 
Interestingly, thumb agenesis and hypoplasia, various preax-
ial hand anomalies, and unilateral polydactyly were rarely de-
scribed (Isidor et al. 2022; Khalil et al. 2018; Küry et al. 2017). 
Onychoheterotopia could be a whip shape of polydactyly, ex-
panding the reported preaxial anomalies (Küry et  al.  2017). 
Overall, PSMD12 haploinsufficiency may alter epithelial and 
epithelial–mesenchymal interactions during embryogenesis 
leading to variable manifestation, such as onychoheterotopia 
and cholesteatoma. We also hypothesize a potential role of UPS 
dysfunction in the molecular biology of this poorly understood 
and seriously destructive epithelial lesion of the temporal bone.

F1p1 is the first described patient affected by a tumor, having 
had a mature ovarian teratoma during childhood. No alternative 
germline pathogenic variant associated with tumor susceptibil-
ity emerged by WES. Molecular investigation on tumoral tissue 
was not carried out after surgery, which occurred before the di-
agnosis of STISS. Mature teratomas are the most common type 
of ovarian tumors in children, and their embryology, pathol-
ogy, and genetic basis still remain poorly understood (Łuczak 
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and Bagłaj 2018). So far, no evidence of cancer in patients with 
STISS emerged. However, the dysregulation of the ubiquitin 
system is known as a risk mechanism for tumor development 
(Fhu and Ali 2021). PSMD12 knockdown resulted in inhibition 
of cell growth and migration in cytological experiments, and a 
genome-wide CRISPR-Cas9 knockout confirmed that PSMD12 
is a crucial gene for breast cancer cell growth (Du et al. 2020). 
Somatic variants in the PSMD12 gene may be involved in the 
promotion of cellular growth, migration and the inhibition of 
apoptosis during cancer genesis, targeting modulators of the 
proteasome system as potential therapeutic molecules (Aliabadi 
et al. 2021; Shen et al. 2013). In F1p1 the etiology of the teratoma 
is still unclear, and an association with germline truncating 
PSMD12 is worth mentioning in the light of second hit hypoth-
esis in teratoma tissue, even without ruling out alternative pos-
sible causes.

Most of our patients (5/6) showed short stature, also reported 
as severe in a Chinese patient affected by STISS found to be 
heterozygous for c.601C>T, p.(Arg201*) variant in PSMD12 (Xu 
et al. 2023). IUGR was also found in F1p2 and F2p2, finally ac-
counting for 33.9% (19/56) of STISS patients (Isidor et al. 2022; 

Khalil et al. 2018; Küry et al. 2017; Yan et al. 2022). Antenatally, 
F1p2 had also oligohydramnios. In contrast, congenital anom-
alies are not frequent findings. In our cohort, perimembranous 
interventricular septal defect (1/6), elongated kidneys with 
unilateral pyelectasia and contralateral renal hyperechoic spot 
(1/6), and cryptorchidism (1/6) were described during postna-
tal investigations. Visceral anomalies are rarely reported and 
heterogeneous, involving mostly heart or kidney, and having a 
mild impact on health (Isidor et al. 2022; Küry et al. 2017). No 
major brain anomalies have been reported, except for a single 
case with periventricular nodular heterotopia, mild ventricu-
lomegaly and decreased white matter (Khalil et al. 2018). Most 
of the patients reported neonatal concerns, related to prematu-
rity, low birth weight or feeding difficulties (Isidor et al. 2022; 
Khalil et al. 2018; Küry et al. 2017). Indeed, multiple prenatal 
findings were reported only in those 17q24 microdeletions en-
compassing PSMD12. Naud and colleagues described a fetus 
with craniofacial dysmorphisms including retrognathia, talipes 
equinovarus, and syndactyly, without major visceral malforma-
tion, harboring a 2.5 Mb deletion including PSMD12, which was 
proposed as a candidate gene to explain most of the phenotype 
(Naud et al. 2017).

TABLE 1    |    Novel clinical findings in the reported patients.

Clinical category
Unreported clinical 

findings with HPO term Novel clinical findings

Prenatal findings Oligohydramnios HP:0001562

Dysmorphisms Upslanted palpebral fissure 
HP:0000582; Low hanging 

columella HP:0009765

Craniofacial abnormalities Narrow palate HP:0000189; 
Broad uvula HP:0010809; 

Cholesteatoma HP:0009797

Growth Short stature HP:0004322

Congenital anomalies Renal cortical hyperechogenicity 
HP:0033132; 4–5 toe cutaneous 

syndactyly HP:6000503; 
Brachydactyly HP:0001156

Unilateral ectopic, sopranumerary 
fingernail/Onychoheterotopia

X-rays skeletal findings Hypoplastic distal radial epiphyses 
HP:0006386; Advanced ossification 

of carpal bones HP:0004233

Odontostomatological 
presentation

Oligodontia HP:0000677; Dental 
crowding HP:0000678; Dental 

malocclusion HP:0000689; Anterior 
open-bite malocclusion HP:0009102

Behavior abnormalities Abnormal eating behavior 
HP:0100738; Apathy HP:0000741

Medical comorbidities Recurrent otitis media HP:0000403; 
Hepatic steatosis HP:0001397; 

Pancreatic steatosis HP:0033757; 
Recurrent Miscarriage HP:0005268

Cancer Ovarian teratoma HP:0012226

Note: Table shows novel clinical findings in our patients grouped into clinical categories (first column) classified by existing HPO terms (Human Phenotype 
Ontology n.d.) (second column) or described only (third column).
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Describing a cohort including four adults, we pointed out some 
age-related features. Most of our patients (5/6) presented a pro-
gressive tendency to overweight and obesity since late childhood 
after having presented low weight during early childhood and 
even in case of low birth weight and prenatal growth restriction. 
F2p2 had an eating behavioral disorder. None of our patients had 
a diagnosis of ASD: in F1, they all exhibited a good sociality, even 
if the father was quite shy, while in F2 behavior anomalies varied 
from apathy to alternation of apathy and irritability. F2p1 had re-
fractory strabismus and untreated unilateral hearing loss, which 
may have contributed to worsen her developmental outcomes.

None of our patients presented clinically evident manifestations 
of autoinflammation. However, we highlight that diffuse, early-
onset, and unexplained acne was present in 4 out of 6 individuals 
and that F1p1 had an unexplained hepatic and pancreatic steato-
sis. Although still under medical investigation, fatty involution 
may be the consequence of a long-lasting (auto)-inflammatory 
process. We performed reverse phenotyping investigations on 
IFN-I signaling in all the individuals demonstrating a weak 
IFN-I signaling perturbation only in two cases (F1p2; F2p3) and 
a basal inflammatory response. Heterogeneous inflammatory re-
sponse in different patients from the same family without any 
clinical manifestation suggests that IFN-I signaling should not 
be considered as a specific biomarker of STISS, limiting its adop-
tion for variant interpretation, genotype–phenotype correlation, 
and prognosis.

Finally, F2p3 is the first affected mother transmitting STISS to 
her offspring. She also had unexplained, recurrent, early mis-
carriages without difficulty to conceive. Lethality as the extreme 
manifestation of the STISS spectrum, second hit hypothesis, or 
higher mutational burden of damaging variants are hypotheses 
requiring further investigations.

4.3   |   Molecular Considerations

The molecular basis of STISS is not completely understood. Being 
a highly conserved gene, with a high haploinsufficiency score 
(HI index = 5.57%) and predicted to be extremely intolerant to 
heterozygous loss-of-function variants (pLI = 1.0), PSMD12 has 
been associated with STISS in case of haploinsufficiency (Isidor 
et al. 2022; Khalil et al. 2018; Küry et al. 2017; Yan et al. 2022). Up to 
now, microdeletions completely involving PSMD12, small intra-
genic deletions, nonsense, and frameshift variants in PSMD12 
have been reported as pathogenic (Table 1). Exceptionally, a mis-
sense variant, c.1105T>C, p.(Trp369Arg), in PSMD12 has been 
related to STISS with craniosynostosis (Timberlake et al. 2023). 
In vivo studies of the c.865C>T, p.(Arg289*), found in F1, sup-
ported the haploinsufficiency due to spontaneous degradation of 
the truncated protein (Yan et al. 2022). We enriched the group 
of pathogenic variants in PSMD12, reporting a novel truncat-
ing variant, which affects the amino acid 111, located before the 
functional domain (Richards et al. 2015).

5   |   Conclusion

Inherited PSMD12 pathogenetic variants occur in STISS, im-
pacting on genetic counseling and prenatal diagnosis. PSMD12 

haploinsufficiency is characterized by complete penetrance 
and variable expressivity, from mild NDD, good sociality, and 
minor craniofacial features to severe developmental delay 
with sensorial defects, craniofacial features requiring surgical 
correction, and congenital anomalies. Therefore, in the era of 
high-throughput sequencing analysis, we remarked the role of 
an accurate clinical evaluation of family members and the pos-
sibility of variant inheritance as possible tools for undiagnosed 
NDDs. UPS pathway seems involved in epithelial–mesenchymal 
interactions during human development. Onychoheterotopia, 
cholesteatoma, and oligodontia expand the spectrum of congen-
ital anomalies. IUGR, short stature, and age-related tendency to 
obesity may be part of growth history. Eating disorder may be 
accounted for within the STISS behavioral phenotype. We ad-
vocate to index “onychoheterotopia” in the human ontology of 
phenotypic abnormalities (Human Phenotype Ontology  n.d.). 
Reporting a co-occurrence of ovarian teratoma, we question the 
role of second hit hypothesis in cancer promotion and in vari-
able expressivity. IFN-I signaling does not clearly correlate with 
clinical manifestations of autoinflammation.
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