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A novel frameshift variant leads to familial
osteopetrosis with variable phenotypesin a
Chinese Han consanguineous family
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Abstract

Osteopetrosis, a group of highly heterogeneous genetic bone disorders, is characterized by deafness, increased
bone density, hepatosplenomegaly, pancytopenia and intellectual disability. Osteopetrosis can be divided

into three subtypes: autosomal recessive osteopetrosis (ARO), intermediate autosomal recessive osteopetrosis
(IARO), and autosomal dominant osteopetrosis (ADO). CLCN7 has been reported to be the most common gene
responsible for the ADO-II subtype. In this study, a novel variant, c.175dupA (p.Met59Asnfs*8), of CLCN7 was
identified in a Chinese Han consanguineous family with suspected ADO-II. The proband was homozygous for the
p.Met59Asnfs*8 variant and exhibited multiple severe phenotypes, including deafness, short stature, brittle bones,
optic atrophy, hepatosplenomegaly, intellectual disability, cleft palate and recurrent infection. However, except for
the mother of the proband, who presented a series of clinical phenotypes caused by bone marrow failure, all the
other family members who were heterozygous had no obvious abnormal phenotypes. Our study suggested that
the novel variant p.Met59Asnfs*8 in CLCN7 was very likely pathogenic factor in our suspected ADO-II family. The
phenotypes of heterozygous carriers may be affected by incomplete penetrance. Loss of function of CLCN7 caused
by nonsense-mediated mMRNA decay (NMD) due to the frameshift variant was likely the underlying pathogenic
mechanism. This study broadened the mutation spectrum of CLCN7, provided a foundation for timely and effective
clinical intervention for related diseases, and demonstrates the importance of genetic counselling.
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inheritance mode and severity of the phenotypes, OP
can be classified into three major subtypes: autosomal
recessive osteopetrosis (ARO), intermediate autosomal
recessive osteopetrosis (IARO) and autosomal dominant
osteopetrosis (ADO) [4]. ARO is the most malignant sub-
type of OP, with death occurring before 10 years of age
in all patients and a high mortality rate in infancy [5, 6].
ADO is benign with mild clinical symptoms, and patients
have a normal lifespan [4, 7]. The degree of malignancy
of IARO is intermediate between that of ADO and ARO
[4]. Mutations in TCIRG1, TNFRSF11,CAILCLCN7,08T
MI1,PLEKHM1,TNFRSF11A,SNX10,SLC4A2, and CTSK
are associated with ARO, mutations in TCIRG1 account
for approximately 50% of cases [3]. In addition, ADO is
caused mostly by mutations in CLCN7,LRPS and PLE-
KHM1 [4,7].

ADO can be divided into type I (ADO-I, OMIM
607634) and type II (ADO-II, OMIM 166600) according
to the pathogenic gene, clinical symptoms and auxiliary
examination results [1]. ADO-I is characterized by mild
extensive osteopetrosis, especially in the skull and cra-
nial vault; a relatively normal spine; and a dense pedicle
of the vertebral arch [5]. Most ADO-I cases are thought
to be caused by mutations in LRPS [8]. ADO-II (OMIM
166600), also known as Albers—Schonberg disease, is the
most common type of osteopetrosis, with an incidence of
approximately 1:20000, and usually occurs in adolescence
or adulthood [9]. ADO-II is highly heterogeneous, rang-
ing from asymptomatic to a severe phenotype [1, 10]. The
main pathological changes are usually limited to skeletal
system; common changes include bone pain, arthritis,
osteomyelitis of the mandible, tooth eruption disorder,
missing teeth and malocclusion, pathological fracture,
delayed union, bone nonunion and postoperative second-
ary infection [1]. Cranial nerve compression and bone
marrow failure are rare, and life expectancy is normal [1,
11]. Radiographically, the vertebral endplate is thickened,
and the vertebral body exhibits a “sandwich” shape, also
known as the “Rugger-Jersey spine” The metaphyseal
widening of the extremities shows “bottle sign” changes,
and the iliac bone is a “bone-in-bone” phenomenon [1,
10, 12]. Mutations in the CLCN7 gene (chloride volt-
age-gated channel 7, OMIM 602727) are responsible for
approximately 75% of ADO-II cases [11, 13]. The pen-
etrance of ADO II is estimated to be between 60% and
80%, and the penetrance of CLCN7-dependent ADO-II is
only approximately 44% [14]. Therefore, patients carrying
the same heterozygous mutation in CLCN7 can present
with normal or abnormal clinical phenotypes [1, 9].

CLCN?7, the most common gene associated with ADO-
II, encodes the 2CI7/1H* reverse membrane transporter
CLCN7, which has 805 amino acids and includes three
motifs and two cytoplasmic cystathionine-B-synthase
(CBS) domains [11]. CLCN?7 is widely expressed in many
tissues and organs in the body, such as the spleen, kidney,
and bone marrow, especially in lysosomal and osteoclast
ruffled membranes [7]. The CBS domains, encoded by
bases 631-799, are responsible for maintaining the slow
voltage power of chloride ion channels and activating the
gating protein to create an outwards current [14]. Three
important motifs, followed by the CBS domains, begin at
base 203 and end at base 516, a region with a selective
filtering function [7, 11]. Each subunit contains its own
independent ion permeation pathway and has relatively
independent functions [15, 16]. When V-ATPase pumps
protons into lysosomes, osteoclasts and other cavities,
CLCNY7 provides the required CI™ through its function as
a slow voltage-gated 2CI7/1H" channel transport protein,
maintaining electrical neutrality between the inside and
outside of cells [14, 15, 17, 18]. Mutations and aberrant
expression of CLCN7 lead to lysosomal storage disease
and OP [19]. To date, more than 300 CLCN7 mutations
have been identified worldwide in the database ClinVar,
which are responsible for approximately 80% of ADO-II
cases and 17% of ARO cases [3, 20].

In this study, we identified a novel CLCN7 truncation
variant in a specific consanguineous family with sus-
pected ADO-IL. Our results suggested that the novel
variant in CLCN7 was very likely the pathogenic factor in
this family and that the phenotype caused by this variant
might have incomplete penetrance.

Materials and methods

Editorial policies and ethical considerations

All the subjects or their legal guardians provided written,
informed consent to participate in this study. Identify-
ing information will not be included in the manuscript
unless the information is essential for scientific pur-
poses. Documented permission for the use of identifiable
patient images was obtained by a patient consent form
signed by the patients or their legal guardians. This study
was approved by the Ethics Committee of the Affiliated
Taizhou People’s Hospital of Nanjing Medical University
(KY202012301; 22 October, 2020) and complied with the
Declaration of Helsinki.

Subjects and clinical examinations
All affected (proband IV-1 and mother III-3) and unaf-
fected (consanguineous father III-2, paternal aunt III-1,
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and younger brother IV-2) members of family P-S15 were
recruited by the Department of Otolaryngology-Head
and Neck Surgery, the Affiliated Taizhou People’s Hospi-
tal of Nanjing Medical University (Fig. 1a). A comprehen-
sive clinical history was obtained, and a detailed physical
examination was performed, with a focus on audiologi-
cal, skeletal, nasal, pharyngeal, hepatic, splenic, haematic,
ophthalmologic, mental development and infection
history.
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Hearing loss was confirmed by otoscopy, pure-tone
audiometry (PTA), immittance, and auditory brainstem
response (ABR). Height and weight were measured via
standard methods and classified according to the Chinese
Han population standard issued by the General Adminis-
tration of Sport of China in 2022 (https://www.sport.gov.
¢n/n315/n329/¢24335066/content.html). Blood was colle
cted from all family members for routine and biochemi-
cal tests to rule out blood system diseases. If necessary,
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Fig. 1 Pedigree, audiograms and characteristic phenotype of the proband. (a) Pedigree. Proband (IV-1) was pointed by the black arrow. (b) Audiograms.
Small square curve: bone conduction (BC); Small black diamond curve: air conduction (AC). (c) Characteristic phenotype. (c1) temporal-facial fistula and
abscess (white arrows). (c2) postoperative scar with pigmentation of right upper arm fracture (white arrows). (c3) cleft palate by electronic laryngoscopy
(black arrow). (c4-5) retinal macular degeneration performed by fundus mirror (white arrows). (c6) old central abdominal scar after splenectomy (black
arrow)
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further bone marrow puncture and pathological exami-
nation could be performed. Abdominal abnormalities
were screened by colour Doppler ultrasound. Cranial and
thoracic conditions were evaluated via computed tomog-
raphy and digital radiography. The malformation of inner
ear development was excluded by high-resolution CT
(HRCT) and nuclear magnetic resonance imaging (MRI).
Fundus lesions were detected via fundus microscopy.
Otorhinolaryngologic malformations were identified via
electronic endoscopy.

Mutation screening of all related known genes by targeted
NGS

Genomic DNA was extracted from whole blood using
a DNA Extraction Kit (QIAGEN, CA, USA). All 406
known deafness genes (Panel V4, Hereditary hearing
loss) and 812 osteology genes (Panel V2, Osteology Sys-
tem, including 13 osteosclerosis-related genes) were
screened via targeted next-generation sequencing (tar-
geted NGS) using the MyGenostics gene enrichment sys-
tem (MyGenostics, Boston, MA, USA) and the Illumina
Nova6000 sequencer (Illumina, San Diego, CA, USA) to
obtain paired reads of 150 bp according to the manu-
facturer’s protocol. The average sequencing depth was
required to be greater than 300x, and the target area cov-
erage was required to be greater than 98% for Q10 and
95% for Q30. The high-quality reads were aligned to hgl9
using BWA software, and variants were called using the
Genome Analysis Toolkit (GATK), both with the default
parameters.

The pLI score of suspected pathogenic gene was
obtained via the database gnomAD. The identified SNPs
and InDels were annotated with the Exome-assistant
program. MagicViewer was used to view the short-read
alignment and validate the candidate SNPs and InDels.
Nonsynonymous variants with a maximum minor allele
frequency (MAF) less than 0.001 in the public data-
bases Geno,MP (original Exome Variant Server), 1000
Genomes, and gnomAD were evaluated via software
tools such as PROVEAN (cut-off score <-2.5), SIFT (cut-
off score<0.01), MutationTaster and PolyPhen-2, and
pathogenicity was predicted according to the ACMG
guideline criteria. A search of the Geno,MP, gnomAD,
ClinVar, 1000 Genomes and Franklin databases was per-
formed to determine whether the variants were novel.

Validation by sanger sequencing

Suspected pathogenic variant of CLCN7 was verified by
Sanger sequencing in the proband (IV-1) and her con-
sanguineous parents (III-2 and III-3), paternal aunt (III-
1) and brother (IV-2) (forward primer: 5-GTTTGTGT
CTCAAGACCCAG-3’; reverse primer: 5-TCAGGGAA
GATTTCCTTGG-3’). The variant was also screened in
400 Chinese Han controls with normal hearing and no
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skeletal diseases to evaluate the allelic frequency (<0.001)
in the same ethnic population.

Results

Clinical characteristics

Family P-S15 was a consanguineous family in which the
paternal grandfather and maternal grandmother of the
proband were siblings (Fig. 1a). The proband (IV-1), a
30-year-old female, presented with short stature (150 cm
and 46 kg; average height and weight for Chinese women
aged 30-34 y: 159.1 cm and 58 kg), intellectual disability,
mixed hearing loss (Fig. 1b), exophthalmos and recur-
rent temporal-facial infection (Fig. 1c), fracture of the
right upper arm (Fig. 1c), cleft palate (Fig. 1c), and visual
impairment and macular degeneration detected during
funduscopic examination (Fig. 1c). The proband devel-
oped severe anaemia and thrombocytopenia when she
was approximately 2 years old. Due to these conditions
in combination with splenomegaly, splenectomy was
performed on the proband at the age of 3 years (Fig. 1c;
Table 1); encouragingly, her haematological symptoms
improved significantly after the surgical intervention
(Table 1). Imaging findings revealed fracture of the right
upper arm and proximal phalanx of the left middle fin-
ger (Fig. 2a and b); increased bone density (Fig. 2); scolio-
sis and “sandwich” appearance of the vertebrae (Fig. 2c);
an Erlenmeyer flask deformity of the tibia and fibula
(Fig. 2d); skull thickening (Fig. 2e and f); ossification of
the ethmoid, sphenoid and maxillary sinuses (Fig. 2g
and h); hammer-anvil joint fixation and tympanoscle-
rosis (Fig. 2i and j); and agomphiasis and irregular tooth
alignment (Fig. 2k and l). A secondary temporofacial
fistula and recurrent abscess developed after right infra-
orbital cyst excision (Fig. 1c), which was consistent with
the diagnosis of chronic maxillary osteomyelitis. Recur-
rent temporofacial infection invaded the brain via hae-
matogenous factors, and the proband ultimately died at
the age of 33 due to uncontrolled intracranial infection.
However, the patient’s family did not consent to a bone
marrow biopsy.

Severe anaemia, leukopenia and thrombocytopenia
were diagnosed via haematological tests in the proband’s
mother (III-3) at approximately 40 years of age (Table 1).
Bone marrow failure was identified as the underlying
cause of her clinical symptoms via bone marrow aspira-
tion (Fig. 3a). Unfortunately, she died at 55 years of age
from an intracranial haemorrhage caused by thrombocy-
topenia (Fig. 3b and c). No bone-related abnormal phe-
notypes, such as increased bone density or ossification of
the paranasal sinuses, as observed in the proband, were
detected in the mother.
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Table 1 Clinical findings in the proband V-1 and her mother Il-3
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General information IV-1 -3

Gender female female

Onset age 3y 40y

Age at admission 3y -

Death (age) 30y 55y

Clinical features V-1 -3

Developmental delay short stature; mental retardation No

Hearing loss Yes No

Facial abnormality exophthalmos; temporal-facial fistula and abscess No

Visual impairment Yes No

Palate cleft Yes No

Dental problem agomphiasis; irregular teeth alignment No

Osteomyelitis Yes No

Skeletal symptom bone fracture inger skeletal
deformity

Splenomegaly Yes Yes

Imaging findings V-1 -3

Chest X-ray increased bone density; scoliosis; “sandwich” appearance of vertebrae NA

Long-Bone X-ray increased bone density; fracture of right upper arm; Erlenmeyer flask deformity of tibia and fibula NA

Hand X-ray fracture of proximal phalanx of left middle finger NA

Cranial CT skull thickening, palate cleft, agomphiasis, irregular teeth alignment; poor sinus gasification; the hammer- intracranial

anvil joint fixation; tympanosclerosis; bone sclerosis of the maxilla and mastoid hemorrhage
Laboratory test V-1 -3
pre-operation post-operation

RBC (3.8-5.1x10"%/L) 30 39 35

WBC (3.5-9.5x 10%/L) 29 10.2 25

PLT (125-350% 10%/L) 30 110 20

Hb (115-150 g/L) 59 101 71

Bone marrow aspiration NA bone mar-
row failure

RBC, Red blood cell; WBC, White blood cell; PLT, Platelets; Hb, Hemoglobin; NA, Not available

Mutation analysis

A novel variant, c.175dupA (p.Met59Asnfs*8) in CLCN7
(NM_001287.6) was identified as a likely pathogenic vari-
ant associated with the phenotypes in this family. Homo-
zygous p.Met59Asnfs*8 was identified in the proband,
who presented with a series of OP phenotypes (Figs. 1a
and 4a). The consanguineous parents (III-2 and III-3),
paternal aunt (III-1), and younger brother (IV-2) all car-
ried heterozygous variant. Except for the proband’s
mother (III-3), who had a range of clinical manifestations
of myelodysplasia, no other carriers had abnormal clini-
cal phenotypes (Figs. 1a and 4a).

Through the insertion of an adenine nucleotide into the
175th coding base of CLCN7, the variant p.Met59Asnfs*8
change the amino acid sequence beginning at codon 59,
resulting in termination of protein expression at codon
66 (Fig. 4b). The variant was predicted to be “disease
causing’, “changed amino acid sequence’, “affect pro-
tein features’, “changed splice site’, and “caused NMD”
by the software tool MutationTaster. According to the
ACMG guideline criteria, this variant was predicted to
be “likely pathogenic” (PVS1 and PM2) by the software

tool Franklin. The variant was not found in 400 ethni-
cally matched normal controls by Sanger sequencing and
has not been reported in the Geno,M, gnomAD, ClinVar,
1000 Genomes or Franklin databases.

Discussion

A novel frameshift variant, p.Met59Asnfs*8, in the OP-
related gene CLCN7 was identified in a highly suspected
OP family and was very likely the genetic cause of OP.
Through the insertion of an adenine nucleotide into the
175th coding base of CLCN7, the c.175dupA variant
changed the subsequent amino acid sequence beginning
at codon 59, which terminated translation at codon 66,
resulting in the complete loss of the two CBS and three
motif domains (Fig. 4) [11]. This frameshift variant most
likely induced rapid degradation of mRNA contain-
ing premature stop codons by the mRNA surveillance
mechanism NMD [21]. In addition, although the pLI
of the CLCN7 gene was zero, loss of function (LOF) is
still considered a potential pathogenic mechanism for
many pathogenic stop-gain (26.8%, 11/41) and frame-
shift (20.8%, 16/77) mutations in database gnomAD.
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Fig. 2 Imaging findings of the proband (IV-1). (@-d) X-ray manifestation. The generalized increase in the bone density of the rib, spine, humerus, tibia,
fibula. (a) Malunion of fracture of proximal phalanx in left middle finger. (b) Fracture of right upper arm with internal fixation (white arrows). (c) Spinal sco-
liosis and “sandwich” appearance of vertebrae (black arrow). (d) Erlenmeyer flask deformity of tibia and fibula. (e-l) Computed Tomography manifestation.
(e-f) Skull thickening. (g) Poor sinus gasification (arrows). (h) Bone sclerosis of the maxilla (black arrows) and mastoid (white arrows). (i-j) The hammer-anvil
joint fixation and tympanosclerosis (black arrows). (k-1) Irregular tooth alignment and agomphosis (white arrows)

Clcn7™/~ mice have previously been reported to develop
severe osteopetrosis due to the inability of osteoclasts
to secrete acid and thus to lyse bone [22]. Therefore,
we speculated that the complete loss of CLCN7 func-
tion caused by the p.Met59Asnfs*8 variant, resulting in
disordered chloride channel transport and the inability
of lysosomes and osteoclasts to obtain chloride ions for
acidification, which may be the underlying pathogenic
mechanism of this variant (Fig. 4b) [15-17, 19]. However,
additional pathogenic evidence will need to be confirmed
by further functional studies.

In our study, the proband’s mother (III-3), who was
heterozygous for the p.Met59Asnfs*8 variant of CLCN7,
developed pancytopenia, secondary splenomegaly and
bone marrow failure at approximately 40 years of age
(Fig. 3a; Table 1). It was likely not a coincidence that

two family members carrying a frameshift variant in
CLCN?7 experienced pancytopenia. Pancytopenia in the
mother (III-3), who was heterozygous for the CLCN7
variant, was most likely caused by bone marrow failure,
a common phenotype of CLCN7-related osteopetrosis.
Although bone marrow aplastic anaemia and myelodys-
plastic syndrome can also cause pancytopenia, the patho-
logical results of bone marrow aspiration do not support
this possibility. Additionally, III-3 had bilateral finger
deformities, which were identified through family recall.
Unfortunately, her systemic skeletal phenotype and imag-
ing findings were not available because III-3 had passed
away. According to her clinical CLCN7-related pheno-
type, onset in adulthood, and novel frameshift variant in
CLCN? corresponding to the bone marrow failure pheno-
type [1, 10, 16], the ADO-II subtype of OP was the most
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Fig. 3 Examination results of the proband’s mother (ll-3). (@) Pathological results of bone marrow aspiration: bone marrow failure with decreased number
of blood cells. (b) Focal hyperdense shadow in the right tentorium. (c) Right cerebellar hemorrhage (white arrows)

likely diagnosis of III-3, and the variant p.Met59Asnfs*8
was very likely responsible for its clinical phenotype. In
addition, except for I1I-3, who presented a series of clini-
cal phenotypes caused by bone marrow failure, all other
family members (III-1, III-2, and IV-2) who were hetero-
zygous had no obvious abnormal phenotypes, suggesting
that the phenotype caused by the p.Met59Asnfs*8 variant
of CLCN7 exhibited incomplete dominance, which was
consistent with the 44% penetrance of ADO-II related to
CLCN7 [16].

At both the international and domestic levels, the
phenotypes of CLCN7-related ARO, IARO and ADO-II
have been reported to be highly heterogeneous in previ-
ous studies [1, 20, 23]. However, there are no significant
characteristic differences between countries and regions
[1, 20, 23]. Compared with the limited clinical symptoms
of the mother (III-3), who was heterozygous, the proband
had a more comprehensive phenotype characteristic of
ADO-II. Almost all typical skeletal phenotypes of ADO-
II, such as bone pain, pathological fractures, degenera-
tive joint disease, myelosuppression, and osteomyelitis,
were observed in the proband, who was homozygous for
the variant (Figs. 1 and 2) [1, 10, 15]. In addition, atypi-
cal phenotypes involving the haematopoietic, neurologi-
cal, and dental systems, including anaemia, leukopenia,
thrombocytopenia, hepatosplenomegaly, deafness, visual
impairment, dental caries, missing teeth and malocclu-
sion, were also observed in the proband (Figs. 1, 2 and
3; Table 1) [10, 11, 24—26]. Considering that the above-
mentioned LOF via NMD was likely to be the underly-
ing pathogenic mechanism of variant p.Met59Asnfs*8,
we speculated that the differences in the range, age of
onset, and severity of phenotypes between heterozy-
gotes and homozygotes in this study were most likely
related to the dose effect of LOF. The milder phenotype

of mother (III-3) was very likely the result of haploinsuffi-
ciency caused by single-stranded heterozygous variant in
CLCN?7, as described previously [16, 19]. The more severe
phenotype of the proband (IV-1) may be the result of a
complete LOF caused by double-stranded homozygous
variant (Fig. 4) [27].

Deafness can occur in ADO, ARO and IARO [26], and
the type of deafness depends on the inheritance pat-
tern and the responsible gene. Hearing loss caused by
recessive inheritance typically involves mutations in
TCIRG1,CAIl and CLCN? but is usually associated with
other clinical symptoms [20]. Among the types of deaf-
ness caused by dominant inheritance, deafness in ADO-I
due to mutations in LRP5 is mostly conductive hearing
loss, whereas deafness in ADO-II associated with muta-
tions in CLCN7 is mostly sensorineural hearing loss,
which may be caused by skull sclerosis compressing the
auditory nerve [28]. In our study, the proband presented
with moderate to severe mixed deafness (Fig. 1b), which
may also be associated with sclerosis of the ossicular
chain (Fig. 2i and j) and dysfunction of V-ATPase in the
epithelial cells of the inner ear endolymphatic sac [14, 16,
18, 29]. Cleft palate has not been reported to be associ-
ated with ADO-II but has been found in a patient with
suspected ADO-I [30]. Whether cleft palate was a novel
phenotype of CLCN7-related ADO-II needs to be con-
firmed by future studies.

To improve severe haemolytic anaemia, pancytopenia,
splenomegaly caused by bone marrow cavity occlusion,
impaired haematopoiesis, extramedullary haematopoi-
esis, and hypersplenism, the proband underwent sple-
nectomy at the age of 3 years [31]. Encouragingly, the
postoperative haematological parameters significantly
improved (Table 1), and severe complications such as
intracranial haemorrhage were avoided [32]. Although
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Fig. 4 The p.Met59Asnfs*8 variant identified in Family. (@) Chromatograms showing the frameshift variant ¢.175dupA (p.Met59Asnfs*8). IV-1 with homo-
zygote; IlI-1, 1-2, 11-3 and IV-2 with heterozygote. (b) Diagram of the mutant protein structure. The p.Met59Asnfs*8 variant led to the change of amino

acid sequence from codon 59 and following by a stop at codon 66

the proband’s mother experienced adult-onset disease,
pancytopenia caused by bone marrow failure and sec-
ondary splenomegaly were not treated in time, and she
eventually died of cerebellar haemorrhage [16]. We sug-
gested that early splenectomy may prevent deaths with
severe haemorrhagic causes, such as intracranial haem-
orrhage. In addition, after resection of the right infraor-
bital cyst, the proband experienced recurrent infection
in the surgical area (Fig. 1c), which eventually spread to
the intracranial region and resulted in death [33]. Owing
to increased bone mineral density, narrow bone marrow
cavities and poor blood supply [1], patients with OP are
prone to secondary chronic osteomyelitis, resulting in

infection after surgery [34]. Therefore, to avoid serious
postoperative infections, operations adjacent to skeletal
tissues in patients with OP should be avoided unless it
would otherwise be fatal [33].

Although no phenotype was observed in the paternal
aunt (III-1) or younger brother (IV-2), who were hetero-
zygous, their offspring had a 50% chance of being carri-
ers [1, 35]. Given the genetic background and incomplete
penetrance of the phenotype, offspring carriers may still
have a lethal OP phenotype [16]. Therefore, genetic coun-
selling was needed for all offspring of the proband and
carriers to avoid disease recurrence.
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Conclusion

In  conclusion, the novel frameshift variant
p-Met59Asnfs*8 in CLCN7Y identified in this study was
very likely the disease-causing variant in our suspected
ADO-II family. The phenotypes of heterozygous carri-
ers may indicate incomplete penetrance. Loss of function
of CLCN7 caused by NMD due to a frameshift variant
was likely the underlying pathogenic mechanism. Timely
splenectomy was a better intervention for prolonging the
life of patients with severe anaemia, thrombocytopenia,
and splenomegaly. Non-life-threatening surgeries adja-
cent to the skeletal tissue should be avoided as much as
possible. This study broadened the mutation spectrum of
CLCN?7, presented a theoretical basis for genetic counsel-
ling and prenatal diagnosis, and provided guidance for
clinical diagnosis and treatment.
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