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Abstract

Background WDR35 variants are known to cause a rare autosomal recessive disorder-Cranioectodermal dysplasia
(CED). The CED patients are commonly present with facial dysmorphisms (frontal bossing and low-set ears), sagittal
craniosynostosis, growth retardation, dolichocephaly, skeletal deformities (brachydactyly, terminal hypoplasia of the
fingers and narrow thorax), ectodermal abnormalities (sparse hair, and finger/toe nail dysplasia), nephronophthisis,
retinal dystrophy and hepatic fibrosis. Diagnosis of CED can be difficult because it presents with high genetic
heterogeneity. However, our understanding of the phenotype of CED caused by WDR35 variants could be more
explicit, and the correlation between genotype and phenotype needs further improvement.

Case presentation We report a case of the first Chinses patient of CED caused by WDR35 variants, a 3-year-and-
3-month-old patient, who was admitted to our hospital with frontal bossing, growth retardation, low set ears,
dolichocephaly, sparse hair, and small limbs, abnormal renal function, and moderate anemia. The child showed a
novel phenotype of the ectopic testis except for presenting typical CED characteristics, and he was identified with
novel compound heterozygous WDR35 variants (c.2590 C>T, p.GIn864* and ¢.2408_2416del, p.Asn803_Ala805del;
NM_001006657). He was given iron succinate and erythropoietin to improve anemia and to inhibit repeated
metabolic acidosis and hyperkalemia through acid correction, diuretic, and potassium-lowering treatments. The
parents refused to accept renal replacement therapy for their child and were discharged voluntarily.

Conclusions This is the first reported case of the WDR35 variants that can lead to CED and ectopic testis, which is

also the first Chinese patient associated with WDR35 variants. This study expands our understanding of genotype-
phenotype association in patients with WDR35 variants and provides genetic counseling for prevention and
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intervention in this genetic disorder. Neonatal carriers should be followed up for kidney and CED-related diseases to

detect warning signs.
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Background
Cranioectodermal dysplasia (CED), also known as
Sensenbrenner syndrome, is a rare autosomal recessive
disorder with high genetic heterogeneity in clinical mani-
festations [1]. Its primary clinical features include sagittal
craniosynostosis, dolichocephaly, ectodermal abnormali-
ties (sparse hair, hypodontia/microdontia and finger/
toe nail dysplasia), skeletal deformities (narrow thorax,
brachydactyly and terminal hypoplasia of the fingers),
characteristic facial features (frontal bossing and low-set
ears), growth retardation and joint laxity. The visceral
anomalies include nephronophthisis, retinal dystrophy
and hepatic fibrosis [2, 3]. In contrast, liver and kidney
function are the main factors determining the CED prog-
nosis [4]. Six genes, including IFT122, WDR35, IFT43,
WDRI19, IFT52, and IFT140, have been identified to be
associated with the disease, and the WDR3S5 variants are
one of the most common causes of CED patients [5, 6].
The diagnosis of CED is usually based on the patient’s
clinical characteristics and imaging results, as well as the
identification of pathogenic genes through genetic test-
ing [2]. Its clinical symptoms are diverse and may vary
between families and intrafamilial members [6]. There-
fore, it is particularly essential to pay close attention to
the clinical characteristics of patients and conduct early
genetic screening for the early diagnosis of CED patients.
Although 41 families have been diagnosed with CED
through genetic testing, there is still a lack of knowledge
about their genotypes and phenotypes [2]. In this study,
we report the affected individual of a Chinese 3-year-
and-3-month-old patient presenting with abnormal renal
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function, moderate anemia, frontal bossing, low set ears,
growth retardation, sagittal craniosynostosis, dolicho-
cephaly, narrow thorax, sparse hair, and small limbs.
Moreover, we found this patient’s novel clinical manifes-
tation of the ectopic testis. Molecular analysis showed
that he carried novel compound heterozygous variants of
a nonsense variant (c.2590 C>T, p.GIn864*) and a dele-
tion variant (c.2408_2416del, p.Asn803_Ala805del) in
WDR35. We describe the detailed clinical characteristics
of one Chinese patient and present a novel clinical fea-
ture that might be associated with CED, which further
expands the genotype-phenotype spectrum of WDR35
and provides help to early precision diagnoses and
genetic counseling.

Case presentation

A 3-year-and-3-month-old boy presented with abnormal
renal function, frontal bossing, low-set ears, dolicho-
cephaly, sparse hair, and short limbs. He was the seventh
child of his unrelated parents and was delivered naturally
at full term with a birth weight of 3.8 kg. He could walk
at the age of 1 year and 3 months and has language retar-
dation. On admission, a physical examination showed
that the patient was developmentally delayed, with lon-
ger skull diameter, macrocephaly, sparse and delicate
hair, narrow eye cleft, hypertelorism, low bridge of the
nose, sparse teeth with dysplasia, short and curved fin-
gers/toes, and the testes were not touched in the bilateral
scrotum.

Fig.1 The patient at the age of 3 years and 3 months. a Frontal chest radiographs showed increased heart volume, decreased bone density, and enlarged
trabeculae; b CT scan showed the bilateral frontocephalic space widened; c-d the anteroposterior diameter of the skull increased, and the sagittal suture
was partially closed in three-dimensional images; e abdominal color ultrasound examination showed the right testicle located in the iliac fossa, f the liver
volume was increased, the parenchymal echo was dense and enhanced, and the intrahepatic bile duct was widened, g the intrahepatic hypoechoic mass
was enlarged, h enhanced kidney parenchymal echo, unclear demarcation of cortex and medulla, and hydronephrosis of the right kidney
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Computed tomography (CT) examination of the head
revealed that the bilateral frontocephalic space had
widened, the anteroposterior diameter of the skull had
increased, and the sagittal suture was partially closed.
Frontal chest radiographs showed increased heart vol-
ume, decreased bone density, and enlarged trabeculae.
Electrocardiogram and color echocardiography were
normal. The abdominal color ultrasound examination
revealed that the liver volume was increased, the paren-
chymal echo was dense and enhanced, the intrahepatic
hypoechoic mass was enlarged, and the intrahepatic bile
duct was widened. Dysplasia of both kidneys enhanced
parenchymal echo, unclear demarcation of the cortex and
medulla, hydronephrosis of the right kidney and ureter,
and dilatation of the left calyces. The spleen is enlarged
with open sinuses. In particular, the child had an abnor-
mal testicle position, with the right testicle located in the
iliac fossa and the left testicle situated in the groin, and a
hydrocele existed on both sides (Fig. 1A-H). These were
not found in the previously reported CED patients.

The biochemical indicators of the patient showed that
the urea value was 28.3 mmol/L (reference range: 1.7-7.1
mmol/L), the creatinine value was 432.1 umol/L (refer-
ence range: 18-80 umol/L), and the uric acid value was
393.8 umol/L (reference range: 134—-415 umol/L). The
24-hour (h) urine volume was only 350 ml (reference
range: 300-1500ml), and the 24 h urine protein quantity
was 0.416 g (reference range: 0.03—0.15 g/24 h). Urine-
specific gravity is 1.010 (reference range: 1.015-1.025),
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Fig. 2 Family pedigree and genetic testing. a Family pedigree of the CED
patient, with the proband indicated by a black arrow, and the aborted fe-
tuses of anonymous sex are shown as black triangles with oblique lines. b
Sanger sequencing chromatograms of the two variants in WDR35 from the
patient and his parents. Capital letters represent the genomic sequences.
The patient carries a novel compound heterozygous variant of WDR35 for
the ¢.2590 C>T substitution (black arrow) and ¢.2408_2416del in-frame
variant (red arrow)
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and pH is 7.0 (reference range: 5.5-6.5). The urinary
protein and creatinine ratio was 4.32 mg/mmol (ref-
erence range: <0.2 mg/mmol), urinary microalbu-
min was 595.0 mg/L (reference range: 0-20 mg/L),
al-microglobulin was 39.56 mg/L (reference range:
0-12 mg/L), urinary transferrin was 2.52 mg/L (refer-
ence range:<1 mg/L), and urinary p2- microglobulin was
422.70 ug/L (reference range: 0-300 ug/L). His parathy-
roid hormone level was 739.400 pg/mL (reference range:
15-65 pg/mL). These data indicate that the child’s renal
function is significantly abnormal. Moreover, routine
blood tests showed that the value of erythrocytes was
2.28x10"%/L (reference range: 3.5-5.5x10'%/L) and the
hemoglobin value was 65 g/L (reference range: 120—
170 g/L), suggesting moderate anemia.

The patient had no family history and no genetic dis-
ease or nephropathy among his family members. He has
three healthy sisters, and his mother has experienced
three miscarriages (Fig. 2A). Because the child has a
unique appearance and multi-system and multi-organ
abnormalities of the body, we suspect he has a genetic
disease. With the informed consent of the boy and his
parents, we performed a trio-whole exome sequenc-
ing (trio-WES) for them and verified the results by
Sanger sequencing. It was found that the patient car-
ried a ¢.2590 C>T (p.GIn864*) nonsense variant and a
€.2408_2416del (p.Asn803_Ala805del) in-frame vari-
ant of the WDR35 gene (NM_001006657), which were
derived from his father and mother, respectively (Fig. 2B).

To our knowledge, this is the first CED patient caused
by WDR35 variants in the Chinese population. Moreover,
the child presented with a novel phenotype of ectopic
testis except for showing typical CED characteristics.
The patient carries a novel compound heterozygous vari-
ant that includes a ¢.2590 C>T nonsense variant and a
¢.2408_2416del in-frame variant derived from his father
and mother, respectively. According to the American
College of Medical Genetics and Genomics (ACMG)
guidelines, these two variants were classified as “patho-
genic” and “uncertain” variants. A comparison of the
amino acid sequences of WDR35 proteins from different
species showed that p.GIn864 and p.Asn803_Ala805 are
highly conserved across species (Fig. 3A), suggesting that
amino acid sequences at these sites play a vital role in the
function of this protein. The p.Gln864* variant can lead
to a truncation of 318 amino acids at C-terminal, and
the p.Asn803_Ala805 deletion causes the loss of three
amino acids and generates an in-frame mutant protein
(Fig. 3A-B). Using the same bioinformatic tools reported
previously [7], we analyzed the crystal structures of the
mutant WDR35 protein by a SWISS-MODEL database
with homology modeling using yeast ’-COP (3mkq.1.A)
(Fig. 3C). The results showed that the crystal structure is
truncated due to the p.GIn864* variant, which resulted in
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Fig. 3 Analysis of the conservation, plain and crystal structures of the WDR35 domains using bioinformatic tools. a Alignment of the amino acid sequenc-
es of human WDR35 (NM_001006657) with the WDR35 sequences of chimpanzee (XM_009442060.3), rhesus monkey (XM_001107482.4) and mouse
(NM_001159527.1). The p.Asn803_Ala805 and p.GIn864 amino acids are indicated in red. b Schematic representation of the effects of WDR35 variants on
protein structure. The p.GIn864* variant in WDR35 caused the truncation for 318 amino acids at its C-terminal. In comparison, the p.Asn803_Ala805del
variants led to the loss of three amino acids and the in-frame variant. WT, wild type; orange-colored triangles indicate WD40 repeat regions; red boxes
represent low-complexity structural domain; aa, amino acids. ¢ Cartoon structural models of human WDR35 domains designed with the SWISS-MODEL
tool and visualized with PyMOL software. We used yeast 3'-COP (3mkg.1.A) to construct human WDR35 crystal structures based on the high homology
of their protein sequences. (a) The normal WDR35 protein structure with a-helix in red, B-fold in yellow and an irregular curl in green; (b) the truncated
p.GIN864* protein of WDR35 only harboring the residual 863 amino acids; (c) the p.Asn803_Ala805del mutant protein missing three amino acids at the

position 803_805

the disorder of the 3-dimensional system (Fig. 3C). This
generates a loss of function of the protein. Alanine con-
sistently stabilizes the helical conformation because it
buries a more apolar area upon folding and because its
backbone entropy is lower [8], thus its loss might cause
the altered conformation of the protein. Asparagine-
linked (N-linked) glycosylation is one of the most com-
plex enzyme-catalyzed protein modification reactions.
The modification can influence early events in protein
folding, mediating significant effects locally, on the adja-
cent polypeptide sequence, and at remote sites distant
from the modified asparagine residue [9]. Therefore, we
speculate that the compound heterozygous variants in
WDR35 may lead to the loss of function of the protein,
which is pathogenic for the patient.

The child was given iron succinate and erythropoietin
to improve anemia after a routine blood examination
after admission. He had repeated metabolic acidosis and
hyperkalemia and was given acid correction, diuretic, and
potassium-lowering treatments. However, the parents

refused further treatment using renal replacement ther-
apy for the child and were discharged voluntarily. The
patient died when followed up six months later.

Discussion and conclusions

WDR35 and [FT122 variants are the most common
causes of CED, accounting for approximately 60% of CED
families [10]. WDR35/IFT121 is involved in the assem-
bly of the IFT-A complex and functions as a subunit of
IFT-A in retrograde transport to the ciliary base [6, 11].
Moreover, it is essential for cilia assembly, playing a role
in the Rab8 vesicle development of nascent cilia by select-
ing different transport cargoes involved in ciliary protein
excretion and plays a crucial role in the centripetal sat-
ellite organization [12]. Thus, CED is also a type of cili-
opathy. Cilia are organelles on the apical surface of cells
in almost all tissues and organs. They integrate multiple
signaling pathways essential for vertebrates’ development
and organ differentiation. Therefore, cilia dysfunction
can cause various human diseases [13].
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By reviewing the literature, we analyzed the genotype-
phenotype association of WDR35, and the results showed
that the missense variant of WDR35 is the primary type of
variation. Moreover, WDR3S5 variants can induce various
diseases or syndromes, including CED, Nephronophthi-
sis, Short rib-polydactyly syndrome, Cleft lip and/or pal-
ate, Periventricular nodular heterotopia, Autism, Ductal
plate malformation, Ellis-van Creveld syndrome and
Jeune asphyxiating thoracic dystrophy. Among them,
CED is the most common syndrome caused by WDR35
variants. Craniosynostosis is one of the characteristic
manifestations of CED patients, and existing studies have
shown that 80% of patients have craniosynostosis [1].
However, our analysis of the clinical phenotypes asso-
ciated with the WDR35 variants revealed that only 40%
of the patients had this manifestation. Additionally, the
clinical characteristics are not the same for the same gen-
otype, whether within or among the patients’ families.
Here we found the patient had ectopic testicular manifes-
tation except for having the typical CED features, which
were not found in the previous reports. An additional
table file shows these in more detail [see Additional file
1]. The above results indicate that CED patients have
high genetic heterogeneity, and the analysis of the clini-
cal characteristics of different pathogenic genes and the
genotype-phenotype association of the same pathogenic
gene is of great importance for the accurate diagnosis and
early treatment of such patients.

Primary cilia are linearly arranged on the polarized epi-
thelial cells surrounding the renal tubules involved in sig-
naling pathways that control directed cell division and are
essential in developing renal tubules. Moreover, the rela-
tionship between primary cilia and cystic kidney disease
has also been demonstrated in a study of Caenorhabditis
elegans [14]. In this paper, the CED patient is also accom-
panied by bilateral renal dysplasia, right renal and ure-
teral hydronephrosis, left calyx dilatation, and abnormal
renal function, which might be related to the dysfunction
of primary cilia. Additionally, we found the patient pre-
sented with ectopic testicles, a novel feature in CED syn-
drome. Some patients with Bardet-Biedl syndrome (BBS)
also showed an ectopic testicular phenomenon [15, 16],
which verifies the possible overlap of different ciliopa-
thy phenotypes. Sloboda et al. reported that the occur-
rence of ectopic testes in patients with BBS was related
to fetal hypogonadism [15], and WDR35 and BBS pro-
teins have similar functions in the transport of vesicles
in cilia. Therefore, we speculate that the ectopic testes of
the patient reported in this study may also be related to
fetal gonadal dysfunction, but this needs further inves-
tigation. Moreover, RNA sequencing (RNA-seq) results
of normal human tissues showed relatively high expres-
sion of WDR3S5 in the testis [17], which further proved
that WDR35 might play an essential role in the genesis
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and function maintenance of the testis. Therefore, the
occurrence of ectopic testicles in the patient in this study
is likely caused by the WDR35 variants, which further
enriches the genotype and phenotype spectrum of CED
resulting from WDR35 variants.

In conclusion, we report the first Chinese CED child
identified with a novel compound heterozygous vari-
ant in WDR35 (c.2590 C>T, ¢.2408_2416del). Moreover,
we found the patient presented with a novel phenotype
of the ectopic testis except for showing the typical CED
characteristics. Our case report can expand our under-
standing of genotype-phenotype association in patients
with WDR35 variants and provide genetic counseling for
prevention and intervention in this genetic disorder.

Abbreviations

BBS Bardet-Bied! syndrome
CED Cranioectodermal dysplasia
cT Computed tomography

h Hour

RNA-seqg  RNA sequencing

WES Whole exome sequencing

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512887-023-04110-1.

[ Supplementary Material 1 J

Acknowledgements
We thank all the authors listed in this manuscript and the patient’s permission
to publish this case.

Authors’ contributions

JL and CL conceived the study. LL and JL wrote the original draft. JL and

CL reviewed and edited the manuscript. MT and GL searched for relevant
literature and provided comments. All the authors have read and approved
the final manuscript.

Funding

This research work was supported by the Research Project of Science and
Technology Department of Henan Province (212102310441, 192102310074)
and the Medical Science and Technology Research Project of Henan Province
(SBGJ202002124).

Data Availability
The datasets used in this case are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate
Written informed consent to participate obtained from the patient’s parents.

Consent for publication
Written informed consent was obtained from the patient’s parents for the
publication of this case report.

Competing interests
The authors declare no competing interests.

Author details
'Department of Nephrology and Rheumatology, Zhengzhou Key
Laboratory of Pediatric Kidney Disease Research, Children’s Hospital


https://doi.org/10.1186/s12887-023-04110-1
https://doi.org/10.1186/s12887-023-04110-1

Li et al. BMC Pediatrics (2023) 23:407

Affiliated to Zhengzhou University, Henan Children’s Hospital, Zhengzhou
Children’s Hospital, Zhengzhou 450018, China

’Henan Provincial Key Laboratory of Children’s Genetics and Metabolic
Diseases, Zhengzhou 450018, China

Received: 30 November 2022 / Accepted: 3 June 2023
Published online: 18 August 2023

References

1. QuinauxT, CustodiV, Putoux A, Bacchetta J, Rossi M, Di Rocco F. Sensen-
brenner syndrome: a further challenge in evaluating sagittal synostosis and a
need for a multidisciplinary approach. Childs Nerv Syst. 2021;37(5):1695-701.

2. Ryzko J, Walczak-Sztulpa J, Czubkowski P, Latos-Bieleriska A, Kowalski A,
Stefanowicz M, Jarmuzek W, Grenda R, Pawfowska J. Case Report: sequential
liver after kidney transplantation in a patient with Sensenbrenner Syndrome
(Cranioectodermal Dysplasia). Front Pediatr. 2022;10:834064.

3. Antony D, Nampoory N, Bacchelli C, Melhem M, Wu K, James CT, Beales PL,
Hubank M, Thomas D, Mashankar A, et al. Exome sequencing for the differ-
ential diagnosis of ciliary chondrodysplasias: Example of a WDR35 mutation
case and review of the literature. Eur J Med Genet. 2017:60(12):658-66.

4. Brndiarova M, Mraz M, Kolkova Z, Cisarik F, Banovcin P. Sensenbrenner
Syndrome presenting with severe anorexia, failure to Thrive, chronic kidney

Disease and Angel-Shaped Middle phalanges in two siblings. Mol Syndromol.

2021;12(4):263-7.

5. Walczak-Sztulpa J, Wawrocka A, Sikora W, Pawlak M, Bukowska-Olech E,
Kopaczewski B, Urzykowska A, Arts HH, Gotz-Wieckowska A, Grenda R,
et al. WDR35 variants in a cranioectodermal dysplasia patient with early
onset end-stage renal disease and retinal dystrophy. Am J Med Genet A.
2022;188(10):3071-7.

6.  Walczak-Sztulpa J, Wawrocka A, Swiader-Lesniak A, Socha M, Jamsheer A,
Drozdz D, Latos-Bielenska A, Zachwieja K. Clinical and molecular genetic
characterization of a male patient with Sensenbrenner syndrome (cranio-
ectodermal dysplasia) and biallelic WDR35 mutations. Birth Defects Res.
2018;110(4):376-81.

7. LiJ, SongY,ZhangY, Li H, Tian M, Li D, Zhang S, Cao G, Liu C. A novel com-
pound heterozygous mutation in DGKE in a Chinese patient causes atypical
hemolytic uremic syndrome. Hematology. 2020;25(1):101-7.

Page 6 of 6

8. Lopez-Llano J, Campos LA, Sancho J. Alpha-helix stabilization by alanine rela-
tive to glycine: roles of polar and apolar solvent exposures and of backbone
entropy. Proteins. 2006;64(3):769-78.

9. O'Connor SE, Imperiali B. Modulation of protein structure and function by
asparagine-linked glycosylation. Chem Biol. 1996;3(10):803-12.

10.  Walczak-Sztulpa J, Posmyk R, Bukowska-Olech EM, Wawrocka A, Jamsheer A,
Oud MM, Schmidts M, Arts HH, Latos-Bielenska A, Wasilewska A. Compound
heterozygous IFT140 variants in two polish families with Sensenbrenner
syndrome and early onset end-stage renal disease. Orphanet J Rare Dis.
2020;15(1):36.

11. Sekiguchi T, Ishii T, Kobayashi H, Furuno N. WDR35 is involved in subcellular
localization of acetylated tubulin in 293T cells. Biochem Biophys Res Com-
mun. 2021;547:169-75.

12. Duran |, Taylor SP, Zhang W, Martin J, Qureshi F, Jacques SM, Wallerstein R,
Lachman RS, Nickerson DA, Bamshad M, et al. Mutations in IFT-A satellite core
component genes IFT43 and IFT121 produce short rib polydactyly syndrome
with distinctive campomelia. Cilia. 2017;6:7.

13. Hildebrandt F, Benzing T, Katsanis N. Ciliopathies. N Engl J Med.
2011;364(16):1533-43.

14.  McConnachie DJ, Stow JL, Mallett AJ. Ciliopathies and the kidney: a review.
Am J Kidney Dis. 2021;77(3):410-9.

15.  Sloboda N, Lambert L, Ciorna V, Bruel AL, Tran Mau-Them F, Gomola V,
Lemelle JL, Klein O, Camoin-Schweitzer MC, Magnavacca M, et al. Atypical
phenotype of a patient with Bardet-Bied| syndrome type 4. Mol Genet
Genomic Med. 2022;10(5):e1869.

16. Beales PL, Elcioglu N, Woolf AS, Parker D, Flinter FA. New criteria for improved
diagnosis of Bardet-Bied| syndrome: results of a population survey. J Med
Genet. 1999;36(6):437-46.

17.  Fagerberg L, Hallstrom BM, Oksvold P, Kampf C, Djureinovic D, Odeberg
J, Habuka M, Tahmasebpoor S, Danielsson A, Edlund K; et al. Analysis of
the human tissue-specific expression by genome-wide integration of
transcriptomics and antibody-based proteomics. Mol Cell Proteomics.
2014;13(2):397-406.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Novel compound heterozygous ﻿WDR35﻿ variants in a Chinese patient associated with cranioectodermal dysplasia and ectopic testis: a case report and review of the literature
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusions
	﻿References


