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Abstract
Cyclophilins are a type of peptidyl-prolyl cis-trans isomerases. CWC27, one of the known human cyclophilins, is recruited
by the spliceosome for the pre-mRNA splicing process. Biallelic deleterious variants in CWC27 lead to a spectrum of
overlapping phenotypes including retinal degeneration, skeletal anomalies, short stature, and neurological defects. The
present work reports a woman showing these clinical features, in addition to hypergonadotropic hypogonadism, hypoplastic/
agenesic teeth, and cataracts, not previously associated with such phenotypic spectrum. Whole exome sequencing on this
patient identified a novel CWC27 homozygous variant predicted to originate a severely truncated protein and the consequent
loss of functionality. The clinical and genetic characterization of such patient could provide further insight into the
underlying causes of the spliceosomopathies.

Introduction

Cyclophilins are a type of peptidyl-prolyl cis-trans iso-
merases involved in binding to proline-containing peptides
and protein folding. In humans, there are 8 cyclophilins
associated with the spliceosome [1]. One of them, CWC27,

shows an N-terminal PPIase domain containing a proline-
binding pocket and a large C-terminal repetitive low com-
plexity region of unknown function [2]. Although CWC27
does not have prolyl-isomerase activity, its conserved
ability to bind to proline could explain its role in the spli-
ceosome [1, 3].

Biallelic deleterious CWC27 variants have been asso-
ciated with a rare phenotypic spectrum (MIM#250410)
characterized by retinal degeneration, short stature, skeletal
anomalies, and neurological disorders [4]. Herein, we report
a woman with retinitis pigmentosa (RP), several skeletal
defects, and other relevant clinical features which have
never been associated before with the abovementioned
phenotypic spectrum. Whole exome sequencing on this
patient identified a homozygous CWC27 variant predicted
to cause a severely truncated protein product.

Material and methods

Patient and clinical data

Written informed consent for participation was obtained and
subsequently revised by the ethics review board of the
Hospital Clínico (Santiago de Compostela, Spain). The
patient, 18 years old at the time of this report, was referred
to the Department of Pediatrics at Hospital Clínico because
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of intellectual disability, delayed physical growth, skeletal
defects, and visual impairment. She is the first child of
healthy consanguineous Spanish parents and was born at
37.5 weeks by spontaneous vaginal delivery with a birth
weight of 2210 g (<3rd centile) and APGAR score of 8/9/9.
She achieved to sit up around 10 months of age and inde-
pendent walking at 19 months.

Electroencephalogram, serum/urinary amino acid analy-
sis, karyotyping, and array CGH yielded normal results.
Brain magnetic resonance revealed ventricular system
asymmetry, hypoplasia of the corpus callosum and mini-
mum cerebellar atrophy. She was found to have bilateral
cataracts, retinal dystrophy, bilateral 10 dB hearing loss,
hyperostosis frontalis interna, 11 pairs of ribs, osteopenia in
hands, hypothyroidism (TSH: 13.8 [0.35–5.5mIU/l]; free
T4: 1.26 [0.89–1.8 ng/dl]) and hypergonadotropic hypogo-
nadism (FSH: 69 IU/l, LH: 61 IU/l, and 17β-estradiol:
22.4 pg/l). Pelvic ultrasound identified normal uterine
structure and nonvisualized ovaries. Spontaneous puberty
was absent and pubertal induction with estrogen replace-
ment therapy was required.

Nowadays, she also shows divergent strabismus, malar
telangiectasias, thinning of eyebrows, long philtrum, thin

lips, hypoplastic teeth, dental agenesis, low weight (43.4 kg;
−1.51 SDS; <3rd centile), short stature (139.7 cm; −3.64
SDS; <3rd centile), kyphoscoliosis, bilateral elbow, and left
achilles contractures, lower limb dysmetria, clubbing of
fingers, and ungueal dystrophy in feet (Fig. 1a). Further-
more, she presents echolalia, inattention, hyperactivity,
cheerful character, and good social integration.

Whole exome sequencing (WES)

DNA was isolated from peripheral blood using the che-
magic™ MSM I instrument (PerkinElmer chemagen
Technologie GmbH, Baesweiler, Germany), following the
manufacturer’s instructions. WES was performed on the
captured DNA library (xGen Exome Research Panel; Inte-
grated DNA Technologies, Coralville, IA, USA) using
Illumina NextSeq 500 (Illumina, San Diego, CA, USA);
Average sequencing depth: 101×; Average coverage of
target regions with sequencing depth >30×: 95.36%. Var-
iants of interest were confirmed by Sanger sequencing on
the family trio and submitted to Leiden Open Variation
Database (LOVD; https://databases.lovd.nl/shared/genes/
CWC27).

Fig. 1 a Clinical features of patient. White circles in the orthopanto-
mography indicate the location of dental agenesis at 14 years of age.
Authors have obtained consent to publication of the images. b Sanger

validation of CWC27 variant. Both consanguineous parents were
heterozygous for the c.355C>T p.(Arg119*) variant, suggesting
autosomal recessive inheritance
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Results

WES identified a NM_005869 (CWC27):c.355C>T p.
(Arg119*) variant not present in Human Gene Mutation
Database, Exome Sequencing Project, Exome Aggregation
Consortium or Genome Aggregation Database (Table 1 Sup-
plementary information). The c.355C>T transition is pre-
dicted to cause the replacement of a moderately conserved
Arginine located within the PPIase domain by a stop codon,
resulting in a truncated protein product (Alamut Visual ver-
sion 2.11, Interactive Biosoftware, Rouen, France). Sanger
sequencing confirmed the homozygous state of c.355C>T in
the patient and the heterozygous in her consanguineous par-
ents (Fig. 1b).

Discussion

Association of RP, short stature and brachydactyly has
been previously reported in a few studies [4–6]. The lar-
gest one collected 10 patients from 7 families of different
ethnicity, who showed biallelic CWC27 variants and the
abovementioned common phenotype in combination with
other clinical features [4]. This study suggested that
deleterious variants within the N-terminal region—espe-
cially the proline-binding pocket—would be responsible
for the more severe phenotypes. In this regard, it is likely
that the truncated protein originated by the p.(Arg119*)
variant identified by WES in our patient, offspring of a
consanguineous couple, would cause the loss of the pro-
tein structure stability and the subsequent impaired func-
tion of the spliceosome. The severe phenotype observed
in our patient is characterized by several skeletal defects,
hypoplastic/agenesic teeth, cataracts, and hypergonado-
tropic hypogonadism; in addition to the common pheno-
type shared with patients from previous studies (Table 1).
Two of such patients showed elevated FSH levels,
unspecific endocrinological dysfunction, normal genitalia,
and secondary sexual development [6]. Our patient also
shows elevated FSH and LH since early adulthood, but
she did not present spontaneous pubertal development.
These new findings strengthen the assumption about
the possible effect of CWC27 over the ectodermal and
internal organs, apart from its critical roles over devel-
opment and functional preservation of retina and skeletal
tissue [4].

Despite defects in certain spliceosomal components (i.e.,
PRPF3, SNRNP200, or RP9) lead to RP, different pheno-
types could be seen when deleterious variants affect to other
genes encoding spliceosome-related proteins; i.e., altered
SNRPB is associated with cerebrocostomandibular syn-
drome or PUF60 with Verheij syndrome [7–9]. Some of the
clinical features of these syndromes could resemble those Ta
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shown by our patient, highlighting the phenotypic varia-
bility caused by deleterious variants in CWC27 [4]. Fur-
thermore, it is possible that CWC27 could exert other
possible functions by interaction with other proteins/struc-
tures through additional domains/motifs [2]. Such assump-
tion has already been proven in the multidomain cyclophilin
PPIE which, apart from its function in mRNA splicing,
participates in chromatin remodeling complexes and is also
related to transcription-coupled DNA repair. Nevertheless,
it is still unknown whether CWC27 may interact with other
proteins or structures, just as happens with PPIE. In this
context, it should be noted that only the PPIase domain of
CWC27 was modeled and around 200 residues remain
uncharacterized [2].

In summary, the novel homozygous NM_005869
(CWC27):c.355C>T p.(Arg119*) variant identified in our
patient expands the clinical and molecular spectrum of the
disease phenotype associated with this cyclophilin. These
new findings could be helpful for early diagnosis, man-
agement, and genetic counseling of patients with
spliceosomopathies.
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