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Background: Primary ciliary dyskinesia (PCD) is a group of autosomal recessive genetic diseases caused by abnormal ciliary
ultrastructure and/or function, resulting in reduced ciliary clearance function or other dysfunctions. PCD is one of the causes of
recurrent respiratory tract infections in children. At present, there is no gold standard for diagnosis. In patients clinically suspected
with PCD, a variety of examination methods are available to assist in diagnosis, such as high-speed video microscopic imaging to
analyze ciliary movement patterns, transmission electron microscopy to observe ciliary ultrastructure, genetic testing, and detection of
nitric oxide content in nasal expiratory air.

Case Description: We present a case summary of the clinical data and treatment process of a child with PCD and short stature
induced by Novel exon 1 of CCNO mutation (NM-021147.5) at c.323del, and the proband father and mother were heterozygous
mutators, who was diagnosed and treated in the Pediatric Healthcare Department of our hospital. We treated the child with
recombinant human growth hormone to increase the height, and the patient was also advised to improve nutrition, prevent and control
infections, and encouraged sputum expectoration. We also recommended regular follow-up visits to the outpatient department, and to
seek other symptomatic and supportive treatments as necessary.

Conclusion: The height and nutritional status of the child improved after treatment. We also reviewed relevant literature to help
clinicians improve their understanding of this disease.
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Primary ciliary dyskinesia (PCD) is a rare genetic disease caused by structural or functional defects of cilia caused by gene
mutation. PCD affects males and females equally. Reports across the world estimate its incidence rate as being between
1:15,000-1:20,000, PCD can cause functional defects in the high affinity sodium dependent carnitine transporter (OCTN2)
protein, increase urinary carnitine excretion, and lack of carnitine in the blood, tissues, and cells, resulting in fatty acids B
Oxidative defect disease.' > Here, short stature refers to individuals who are much shorter than normal people of the same race,
gender, and age. Generally, they are two standard deviations shorter than normal people, or they are below the third percentile of
the normal growth curve. There are varying causes for short stature in children. It affects children’s growth and development
adversely, and impacts their physical and psychological health. Cases of PCD with short stature are rare in clinical practice, and
there are few reports available in current literature. In this paper, we present our analysis and summary of the process of diagnosis
and treatment of a patient with PCD and short stature, who was treated in the Pediatric Healthcare Department of our hospital. We
have also included a review of relevant literature, and a discussion of the main clinical manifestations, diagnosis, and treatment

methods of this syndrome.
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General Information
The patient was a girl aged 9 years and 10 months, born in Hunan Province.

She presented at the Pediatric Healthcare Department of our hospital with chief complaints of “repeated cough, runny
nose, phlegm in the throat, which have persisted nearly nine years, with slow growth in height since childhood.” After birth,
her height and weight were lagging those of children of the same age, and her height grew at the rate of about 3 cm/year.

Three months earlier, the patient came to our department for treatment. Physical examination showed that she was
significantly shorter than others of her age. Her father’s height was 175 c¢cm, her mother’s height was 165 cm, and her
genetic height was estimated as 163.5 cm.

She had a younger brother, who was five years old, healthy, with no obvious abnormality in growth and development
when compared with children of the same age. The patient’s diet and sleep were adequate, and her urine and stool were
normal. Findings from the physical examination at the time of admission: height was 125.0 cm, weight was 18.3 kg
(lower than the third percentile of children of the same age and gender), body mass index was 11.7. She was oriented,
cheerful, had a dystrophic appearance, no unusual facial features, no yellowing of skin, no edema or hirsutism of the
whole body, small superficial lymph nodes, slight congestion of the pharynx, I-II enlargement of the tonsils, no
enlargement or nodule of the thyroid gland, pectus excavatum, rib ectropion, no abnormality in cardio-pulmonary
examination, soft abdomen, liver and spleen not palpated under ribs, no deformity in appearance of the spine, normal
proportion of the upper and lower parts, and no obvious abnormality of the external genitalia and nervous system.

Auxiliary investigations: Routine blood examination showed white blood cells of 7.48 X 10"”/L, neutrophil of 4.79 X 10"°/L,
hemoglobin of 143 g/L, and platelets of 267 X 10?/L. Growth hormone provocation test (arginine and levodopa stimulation)
showed that the peak value of growth hormone was 6.523 ng/mL, IGF-1: 77.2 ng/mL (-2.5 SD), IGFBP-3: 3.25 ug/mL. Serum
fat soluble vitamins suggested that vitamin A was 0.35 mg/L and 25 hydroxyvitamin D was 20 ng/mL. Bone age study suggested
that the carpal bone was more than four years old, and the phalange was 6 years old. The following investigations were normal:
Hepatitis B test, liver and kidney functions, thyroid function, electrolytes, fasting blood glucose and fasting insulin release, six
trace elements, alpha fetoprotein, carcinoembryonic antigen, human chorionic gonadotropin, full-length anteroposterior and
lateral radiographs of the spine, heart, color ultrasound of liver, gallbladder, spleen and pancreas, vision screening, and bone
mineral density. Magnetic resonance imaging (MRI) of the head showed otitis media. The result of the hearing test was normal.
Genetic testing results, as shown in Figure 1: High throughput sequencing and gene analysis of the whole exome of the child’s
peripheral blood showed mutation of CCNO:NM_021147.5:exon1:c.323del:p.F108Sfs*21, which came from the parents who
were both heterozygotes.
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Figure | Sanger sequencing of the girl and the parents. Up panel: the girl with CCNO gene (NM-021147.5) at c.323del. Middle and down panel: the father and the mother
with heterozygous mutation in CCNO gene.
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Diagnosis and treatment: The patient had neonatal history of atelectasis, repeated cough and expectoration, chronic
sinusitis, otitis media, and other clinical manifestations since infancy. Diagnosis of PCD was confirmed based on the
examination of bronchial mucosa for immotile-cilia syndrome and genetic testing, which showed pathogenic mutation of
Cyclin O (CCNO) gene. The patient had short stature, delayed bone age, and growth hormone provocation test peak of
6.523 ng/mL, IGF-1: 77.2 ng/mL (—2.5 SD). Hence, the diagnosis of short stature (growth hormone deficiency) was
confirmed. The secretion of growth hormone was partially deficient. The patient was treated with recombinant human
growth hormone to increase her height, and was advised vitamin D and calcium supplements, to pay attention to diet,
sleep and exercise, prevent and control infections, encourage sputum expectoration, maintain regular follow-up visits to
the outpatient department, and seek symptomatic and supportive treatments as necessary.

Follow-up visit: After three months of treatment, the height of the child increased by 2.90 cm and the weight
increased by 1.10 kg. Investigations: IGF-1: 80.1 ng/mL, routine blood test, liver and kidney functions, blood glucose,
and thyroid functions were normal. The child is currently continuing treatment and maintains regular follow-up visits.

Discussion

Primary ciliary dyskinesia (PCD) is characterized by abnormal ciliary structure and/or dysfunction of the mucociliary
clearance system. Patients with PCD are prone to nasal symptoms and respiratory diseases soon after birth, and likely to
develop bronchiectasis in adulthood. The clinical manifestations in patients with PCD are complex and diverse, with
significant individual differences. The main clinical manifestations are chronic sinusitis, situs inversus, secretory otitis
media, bronchiectasis, pulmonary infection, and infertility. Patients can also present with multiple symptoms and the
condition may involve multiple organs. Patients may develop persistent chronic cough and expectoration a few months
after birth, and this causes repeated respiratory tract infections, eventually leading to bronchiectasis. Some patients may
have repeated attacks of acute otitis media, exudative otitis media, and chronic otitis media, resulting in temporary or
permanent hearing damage.* In addition, sinusitis is also a common clinical manifestation, while nasal polyps are
relatively rare, and the incidence rate in children is less than 15%.’

This patient had typical manifestations such as respiratory distress in the neonatal period, repeated cough and
expectoration since infancy, chronic sinusitis, and otitis media.

At present, there is no single specific diagnostic method for PCD. Two evidence-based guidelines published by the
European Respiratory Society and the American Thoracic Society recommend comprehensive detection: nitric oxide
determination in nasal expiratory air, high-speed video microscopy analysis (HSVA), immunofluorescence microscopy
analysis (IF), transmission electron microscopy (TEM), and gene test.>’ Current international and domestic guidelines
agree unanimously that on the basis of typical clinical symptoms of PCD, if TEM reveals typical ciliary structural
abnormalities, or genetic testing shows PCD-related biallelic pathogenic mutations, a diagnosis of PCD can be
confirmed.®® At present, there are more than 50 mutant genes related to PCD that are reported in literature, and this
data is constantly being updated. Most genes follow autosomal recessive inheritance, while a few genes follow X-linked
recessive inheritance; for instance, the recently reported FOXJ1 gene follows autosomal dominant inheritance.” Mutant
genes commonly associated with PCD that have been mentioned in current literature include DNAHS, DNAIL,
DNAAF1, CCDC39, CCDC40, DNAHI11, and LRRC6,'? all of which have been reported in China.'' The results of
genetic testing of this patient are shown in Figure 1—the ¢.323del mutation of the gene CCNO is a pathogenic mutation
site, this gene encodes a member of the cyclin protein family, and the encoded protein is involved in regulation of the cell
cycle. Disruption of this gene is associated with primary ciliary dyskinesia, and Ciliary dyskinesia, obstructive
pulmonary disease, and other metabolic diseases are related, which may cause growth retardation in patients.

CCNO:NM_021147.5:exonl:c.323del:p.F108Sfs*21 mutation. Evidence for high pathogenicity, PVS1: This mutation
causes changes in gene open reading frame, leading to changes in protein function; evidence for moderate pathogenicity,
PM2: This mutation was not found in the Shenzhou Genome Database, the Human Exon Database (ExAC), the reference
population 1000 Genomes Project (1000G) and the Genome Aggregation Database (gnomAD); evidence for supporting
pathogenicity PM3: Supporting: homozygous mutation was detected in the patient; according to the public database,
mutations in the gene CCNO (OMIM: 607752) can lead to autosomal recessive genetic diseases, 29 (type 29 primary
ciliary dyskinesia) (OMIM: 615872). The patient had a c.323del homozygous mutation on gene CCNO, while her father
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and mother had heterozygous mutations, and the mutation originated from the parents. Mutation sites have not been
reported before for this gene heterozygous mutation. We confirmed a diagnosis of PCD based on these results and the
clinical manifestations that the child presented with. There are some gene mutations in patients with PCD that can reduce
the generation of motile cilia, leading to a significant reduction in the number of cilia or even its absence. At present,
such gene mutations that have been reported include MCIDAS, CCNO, and FOXJ1. Among them, MCIDAS and CCNO
mutations can lead to a serious reduction in the number of cell basal bodies, resulting in a reduction in the number of cilia
on the surface of each cell.?

Growth hormone deficiency (GHD) is an endocrinal condition caused by disordered secretion of the growth hormone,
and mainly occurs in children. The main clinical manifestation of this disease is retardation in growth and development,
which has a great impact on the physical and psychological health of children. A disorder commonly seen in clinical
practice, the typical symptoms of children with GHD are metabolic disorder and short stature. Its pathogenesis has not
been fully defined yet, and it is generally considered to be related to genetic, nutritional, environmental, and other clinical
factors.'® Many factors affect children’s growth and development; some of these factors may lead to low secretion of
growth hormones, which affects their height and causes short stature, impacting their quality of life. The poor physique
and short stature of this child may be related to the frequent treatment of upper respiratory tract infections and
malnutrition, but environmental, endocrinal and metabolic disorders, and other factors cannot be ruled out. The incidence
rate of GHD is high in children. If timely and effective treatment is not given, it may stunt their growth, proving non-
conducive to their physical and psychological development.

There is no specific treatment for PCD. The aim of current treatment is to restore or maintain normal lung function as
far as possible, limit further progression of the disease, and avoid irreversible lung diseases such as bronchiectasis.
Treatment mainly includes a combination of physical therapy and physical exercise to actively remove airway secretions,
which is effective for non-cystic fibrosis bronchiectasis and hypertonic saline atomization. The progression rate of PCD
varies. Some patients can maintain good lung function and quality of life into adulthood, while others have poor
prognosis, and these may be related to the patient’s genotype. Further, a study found that the quality of life of patients
improved after PCD was diagnosed, and patients diagnosed early had better psychosocial outcomes than those diagnosed
late,'* suggesting that early diagnosis and early medical intervention can improve the prognosis of patients.

Currently, the patient’s respiratory symptoms are well controlled with standard treatment, but her stature remains
short due to malnutrition, and her growth and development are lagging. Growth hormone (GH) is a protein hormone
produced by the anterior pituitary growth hormone cells. In addition to the role of increasing height, it has a great impact
on the metabolism of sugar, fat and protein in human body. Promote protein synthesis, speed up fat and mineral
metabolism, etc., which makes bones, guts and muscles grow. Growth hormone stimulates collagen synthesis in skeletal
muscles and tendons to increase muscle strength and improve physical fitness. The Food and Drug Administration
approved growth hormone in 1985 to treat children with growth hormone deficiency, to improve height and metabolic
abnormalities. Children with chronic and repeated respiratory tract infections have an impact on nutrition and psychology
of children. After treatment with growth hormone, the height and nutritional metabolism of children are improved, and
the growth of height and weight is improved compared with before. It is expected that follow-up regular follow-up and
treatment can improve the vital mass of children, delay the progression of disease and improve the prognosis in the long
term. This case report and treatment can provide a new clinical treatment for children with PCD and short stature, and has
certain clinical guidance value for prenatal diagnosis. For example, if such a mutation is found in prenatal diagnosis, or if
the parents contain such a mutation, it can prompt the pregnant and lying-in women or their families as soon as possible,
which may lead to the occurrence of abnormalities and reduce the risk of developing diseases in children.'>™!”

The child had a homozygous c.323del mutation in the gene CCNO, and heterozygous mutations in both father and
mother were derived from the parents. Gene heterozygous variation, so it has the value of genetic research. This mutation
site has not been reported in the past.

At present, molecular genetic detection is an effective diagnostic method for ciliary immobile diseases. In this study,
a new heterozygous mutation of CCNO gene was reported, which enriched the gene mutation types of PCD, contributed
to a better understanding of the molecular pathology of this disease, and provided genetic basis for genetic counseling
and prenatal diagnosis of this family, so as to effectively avoid the second birth defect in this family.
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Repeated respiratory tract infections affected the nutrition and psychology of the child. After growth hormone
treatment, her height and weight improved. Regular follow-ups and treatment are expected to improve the quality of
life of the child, delay the progression of disease, and improve long-term prognosis.
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