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Abstract

BACKGROUND

Primary ciliary dyskinesia (PCD) is an uncommon and genetically diverse condition.
According to reports, most patients had more than 50 visits before being diagnosed
with PCD, and the age at diagnosis was mostly in preschool, with an average age of
about (10.9 * 14.4) years old. CCNO is a pathogenic gene that regulates the cell cycle,
and its mutation is linked to the uncommon human genetic disorder PCD. Although the
prevalence of the CCNO mutation is regarded to be exceptionally low, new reports of
this mutation have increased in comparison to prior ones. PCD patients with CCNO are

rare, and the incidence rate is no more than 2% in whole PCD patients.

CASE SUMMARY

Here, we report a case of a young Chinese woman diagnosed with PCD, who was
found to carry the CCNO gene by whole exon gene sequencing. In this case, a young
non-smoking Chinese female exhibiting recurrent cough and sputum at birth. Chest
computed tomography (CT) showed bronchiectasis with infection, and sinus CT
showed chronic sinusitis. However, the patient had no visceral transposition and no
history of infertility. Under electron microscope, it was found that cilia were short and
reduced in number, and no power arm of cilia was observed. Whole exon sequencing
analysis of the genome of the patient showed that the patient carried CCNO pathogenic
gene, exon ¢.303C>A nonsense mutation and ¢.248_252dup frameshift mutation. Her
clinical symptoms and CT images were improved after two months of treatment with

aerosol inhalation and oral azithromycin.

CONCLUSION

The results showed that CCNO is an important cause of PCD. More mutant genes that
may contribute to genetically diverse disorders like PCD have been discovered as
sequencing technology has advanced. Furthermore, the increase of genetic information

makes it easier to diagnose uncommon diseases in clinical practice.
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Core Tip: Primary ciliary dyskinesia (PCD) is a disease that is genetically diverse.
Despite the discovery of more than 40 pathogenic genes, there are still insufficient case
reports to help clinical diagnosis and treatment. We describe a case of primary ciliary
immobility dysfunction caused by mutations in the CCNO (encoding cyclin O) gene.
The patient lacked the classic PCD triad and was readily overlooked. We require further

genetic research and particular case reports.

INTRODUCTION

Primary ciliary dyskinesia (PCD) is an uncommon and genetically diverse condition.
According to reports, most patients had more than 50 visits before being diagnosed
with PCD, and the age at diagnosis was mostly in preschooll*2l, with an average age of
about (10.9 + 144) years oldPlL More than 40 PCD pathogenic genes have been
discovered to datel*?], and the genetic cause may be found in around 70% of individuals
with primary ciliary motility disorderl®l. CCNO is a pathogenic gene that regulates the
cell cycle, and its mutation is linked to the uncommon human genetic disorder PCD.
Although the prevalence of the CCNO mutation is regarded to be exceptionally low,
new reports of this mutation have increased in comparison to prior onesl”l. PCD
patients with CCNO are rare, and the incidence rate is no more than 2% in whole PCD
patientsl8l.

PCD is a genetic condition that mainly affects the upper and lower respiratory tract.
In 1904, Siewert was the first to identify the association of varus, chronic sinusitis, and

bronchiectasis. In 1933, Kartagener!®! defined this clinical trio as a distinct congenital

3/8




disease. Recessive CCNO mutations have been detected in individuals with chronic
destructive lung disease due to poor airway clearance, owing to the advantage of gene
sequencing technologyl®1%l In this paper, we presented a case of a young Chinese
woman with CCNO who was diagnosed with PCD without visceral transposition.

CASE PRESENTATION

Chief complaints
A 22-year-oldénmarried female patient was hospitalized due to recurrent cough and

expectoration for more than 20 years.

History of present illness

The presented case was a young non-smoking Chinese female with recurrent cough and
expectoration at birth and occasional dyspnea, which continued into adulthood.
Repeated use of antibiotics, antivirals and small doses of hormone anti-inflammatory

could not alleviate the symptoms.

2
History of past illness

The patient had no previous medical history.

Personal and family history

Her uncle had a history of recurrent cough and expectoration at birth, but he did not
seek medical assistance or formal medical treatment.

Physical examination

The patient’s vital signs were stable on admission. Bilateral lung percussion was clear,

and auscultation reduces respiratory sounds in both lungs.

Labomtory examinations
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Laboratory markers were white blood cell 13.4 x 109/L and neutrophil ratio 78.4%,
inflammatory indicators were normal, fungal culture and bacterial culture were
negative, and acid-fast staining and T-SPOT were negative. Hepatitis B, syphilis, and

HIV testing were all negative.

Imaging examinations

Chest computed tomography (CT) showed marked bronchiectasis with infection,
typical "tree bud sign", and miliary nodules in the lower left lung (Figure 1). Sinus CT
scans showed bilateral maxillary and ethmoid sinusitis (Figure 2). Abdominal
ultrasound and cardiac ultrasound did not suggest visceral transposition (Figure 3). We
collected a tissue biopsy from Carina with flexible fiberoptic bronchoscopy to confirm
the disease, and electron microscopy revealed that some epithelial cells had few cilia,
with missing and short cilia. There was no ciliated power arm after 1000 magnification

(Figure 4).

FINAL DIAGNOSIS

The patient was diagnosed with PCD based on clinical characteristics, imaging, electron

microscopic

TREATMENT
The patient was given aerosol sputum elimination for respiratory symptoms, followed

by oral azithromycin for two months.

OUTCOME AND FOLLOW-UP

After two months of oral azithromycin, the lung lesion in the lower left was less than

before, according to a reexamination of the chest CT scan (Figure 5).

DISCUSSION
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PCD is an autosomal recessive genetic illness due to X-linked double-allele mutation,
which causes aberrant ciliary movement and clearance function caused by defective
ciliary ultrastructure and function/Ml. In severe circumstances, at least 50% of patients
may experience unexplained newborn respiratory distress, necessitating the use of a
ventilator. The most prevalent symptoms are respiratory bronchiectasis, cardiovascular
visceral transposition, infertility in men due to sperm motility abnormalities, and
ectopic pregnancy or infertility in women due to fallopian tube cilium malfunction. This
clinical trio was first identified as a unique congenital syndrome by Kartagener/®l.
However, because PCD is a rare and underdiagnosed disease, reported series are
typically small, with the pediatric cohort accounting for the majority of casesl'z14], and
adult PCD cases are scarce. The reported prevalence rate of PCD in the general
population ranges from 1/2000 to 1/400000'51. However, the incidence of PCD in
Chinese population is unknown. Furthermore, we discovered that a small percentage of
PCD patients did not exhibit visceral transposition or infertility but only had
respiratory symptoms. As a result, clinicians frequently missed diagnosis of PCD in
these patients. In this study, the young female patient has been suffering from recurring
respiratory tract infection symptoms from childhood. Clinical consequences include
chronic sinusitis, bronchiectasis, and bronchiolitis. Furthermore, short and absent cilia
was found under electron microscopy of tracheoscopic biopsy tissue. All of these
fulfilled the PCD diagnostic criteria. However, the patient was not diagnosed as PCD in
the last two decades, because she had no indications of visceral transposition and no
oppotunity of infertility.

Cilia is an important accessory structure of ceﬁ';, and the core structure of cilia is
ciliary axoneme. Normal cilia are composed of a pair of central microtubules,
surrounded by_a set of peripheral microtubules which form a conventional (9 + 2)
structure, and the connection between the central microtubules and the peripheral
microtubules is completed by radial bonds. Among them, the direction of cilia is
controlled by the change of the moving angle of the radiation arm which is responsible

for the connection between the inner power arm and the central microtubulel'617].
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Under normal circumstances, hundreds of millions of cilia in respiratory mucosa act as
"scavengers". The normal oscillation of cilia causes dust and bacteria sucked into
bronchi to be discharged together with cell fragments and mucus secreted by
respiratorhtract. However, once the cilia beat is damaged, it will lead to chronic airway
infection. In pathology, the most common phenomenon is the loss or shortening of the
external and/or internal dynamin arms. Ultrastructural defect, decrease of cilia or
ciliary movement disorder are that root cause of PCD. When mucus is unusually
viscous and ciliary movement decreases, it will lead to mucociliary clearance disorder,
resulting in primary ciliary movement disorder (PCD)[2518],

PCD is a genetically heterogeneous illness caused by mutations in a variety of
genes['>22l, Primary ciliary dyskinesia is caused by mutations in more than 40 genes,
and with breakthroughs in detection techniques, more genes may be identified in the
futurel*. One of the pathogenic genes js CCNO23. CCNO is made up of three exons on
chromosome 5q11 that code for a 1053 BP cDNA and g 350 amino acid protein. CCNO is
a cyclin-like protein with two cyclin-box folds and protein-binding domains that are
regarded to be involved in cell cycle and transcriptional regulation. Recessive CCNO
(encoding cyclin O) mutations have been detected in individuals with chronic
destructive lung disease due to poor airway clearance, thanks to rapid development of
sequencing technology[®'®3l, CCNO mutations was linked to chronic respiratory
disorders and progressive loss of respiratory functionl!8l, with all affected people
experiencing recurrent upper and lower respiratory tract infections as well as
bronchiectasis. This is due to the fact that CCNO mutants have a significantly reduced
number of cilia, and their MMC is insufficient to clear cell debris, inhaled particles, and
germs from the upper and lower respiratory tracts, resulting in recurring respiratory
tract infections. According to the literature, PCD cases with CCNO mutation had early
onset respiratory symptoms as the first symptoml*!1, resulting in recurring respiratory
symptoms in patients. In the complete genome, heterozygous variation of the CCNO
gene c.303C>A and heterozygous variation of ¢.248 252dup were discovered, which

were also found in the female case described in this study. According to ACMG
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pathogenicity evidence, the heterozygous mutation was nonfunctional (LOF) variation,
which could result in translation-produced proteins being truncated or degradedI24l.
The most prevalent clinical sign of PCD is recurrent respiratory tract infection. PCD
lung disease can progress slowly if not managed effectively. Early intervention is
critical for better symptom control. According to earlier findings, Haemophilus influenzae,
Pseudomonas aeruginosa, Streptococcus pnewmoniae, Staphylococcus aureus, and non-
tuberculous mycobacteria are the most prevalent PCD infection microorganismsl25l.
Macrolides can relieve respiratory symptoms of PCD patients and improve their
prognosis to some extent, while the specific mechanism is yet unknown. Macrolides
were utilized in several studies in Japan for PCD patients, and the immunomodulatory
impact of macrolides was partly responsible for the relief of respiratory symptoms in
PCD patients!?l. Sputum symptoms and chest CT results improved dramatically after 2

mo of azithromycin treatment, which was also found in the female patient in this study.

CONCLUSION

In conclusion, we reported a young female patient with repeated respiratory symptoms,
who was diagnosed as PCD after the whole exon gene detection of CCNO. CCNO
carrier is a relatively rare condition, and it is difficult to differentiate it from respiratory
diseases. We believed that the diagnosis of primary ciliary dyskinesi&still depended on
the combination of various tests. In the past five years, certain genes have been reported
to be associated with mild respiratory diseasesl”?l. The development of gene
sequencing technology promotes the improvement of ciliary gene knowledge, which
promotes the progress of clinical phenotype analysis. In addition, despite recent
breakthroughs in understanding the underlying genetics and disease mechanisms, there
is still a lack of evidence to treat this rare and under-diagnosed disease, which requires

further research in the future.
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