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Abstract
BACKGROUND
Combined pituitary hormone deficiency 3 (CPHD3; OMIM: 221750) is caused by mutations within the LHX3 gene (OMIM: 600577), which located on the subtelomeric region of chromosome 9 at band 9q34.3, has seven coding exons and six introns. LIM homeobox (LHX) 3 protein is the key regulator of pituitary development in fetal life.  

CASE SUMMARY
We have diagnosed and treate an 11-year-old boy with combined pituitary hormone deficiency (CPHD). The main clinical manifestations were pituitary hormone deficiency, hydrocele of the tunica vaginalis, pituitary dwarfism, gonadal dysplasia, micropenis, clonic convulsion, and mild facial dysmorphic features. We collected peripheral blood from the patient, the patient's older brother, as well as their parents, and sequenced them by using high-throughput whole-exosome sequencing, which was verified by Sanger sequencing. The results showed that there were two compound heterozygous variants of c.613G>C (p.V205L) and c.220T>C (p.C74R) in the LHX3 gene. c.613G>C (p.V205L) was inherited from his mother and c.220T>C (p.C74R) from his father. His brother also has both variants and symptoms.

CONCLUSION
This study reported ununreported genetic mutations of LHX3, and recorded the treatment process of the patients, providing data for the diagnosis and treatment of CPHD.
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Core Tip: We report an 11-yar-old boy with combined pituitary hormone deficiency (CPHD). DNA sequencing showed that there were two compound heterozygous variants in the LHX3 gene. This study extends the mutation spectrum of the LHX3 gene, and provides a molecular basis for the etiological diagnosis of CPHD and genetic consultation for the family.

INTRODUCTION
Combined pituitary hormone deficiency (CPHD) is an autosomal recessive inheritance genetic disease caused by mutation of the LHX3 gene. LHX3 mutations are associated with growth hormone (GH), gonadotropin, and thyroid-stimulating hormone (TSH) deficiency; abnormal pituitary morphology; and may be accompanied with limited neck rotation and sensorineural hearing loss[1-3].
The LHX3 gene, located on the subtelomeric region of chromosome 9 at band 9q34.3, consists of seven coding exons and six introns. It is a transcription factor and key regulator of pituitary development in early fetal life[1]. In this case, two novel heterozygous mutations of c.613G>C (p.V205L) and c.220T>C (p.C74R) in the LHX3 gene were found by whole-exosome sequencing (WES) in an 11-year-old patient with pituitary hormone deficiency, hydrocele of the tunica vaginalis, pituitary dwarfism, gonadal dysplasia, micropenis, clonic convulsion, and mild facial dysmorphic features.

CASE PRESENTATION
Chief complaints
A 11-year-old boy presented to our hospital because of two epileptic attacks in the last 7 mo, and he was found pituitary hormone deficiency since birth.

History of present illness
The patient came to our hospital in December 2021, and he had two epileptic attacks in the last 7 mo. In May 2021, the child had convulsions without obvious inducement, no fever, manifested as stiff limbs, oral cyanosis, loss of consciousness, no salivation, maintained for 30 min, and the seizures stopped after sedation. In August, he had similar convulsions, maintained for 10 min, and had remission without treatment. In the last 8 d, he began to develop dizziness. His cognitive function was normal, but he could not control falling on two occasions.

History of past illness
The patient was diagnosed with hypopituitarism aged 2 mo because of jaundice and pituitary hormone deficiency for > 1 mo. He was treated with oral levothyroxine (Euthyrox) and hydrocortisone and GH, and followed up regularly, and now has stopped GH treatment for > 7 mo. He had intermittent oral treatment with testosterone undecanoate.

Personal and family history
The patient was G2P2, had normal delivery at 41W+3, with body weight of 3350 g. There was no history of asphyxiation and resuscitation. His parents were clinically normal, but had another, 15-year-old son with hypopituitarism. There was no intermarriage or family history. The history of vaccination was normal, and the history of trauma, infectious disease, blood transfusion, and drug allergy were denied.

Physical examination
On physical examination at the patient’s visit in August 2021, his weight was 33.0 kg and length was 133.1 cm, with head circumference of 57 cm. The occipital bulges and forehead were prominent, with blepharoptosis. Neurological physical examination was normal. Reproductive system examination showed the scrotum was hypogenetic, while the testicular volume was 1 mL, and the penis length was 2 cm, in no pubic hair period.

Laboratory examinations
In August, 2021, the patient was subjected to a detailed laboratory examination. Insulin-like growth factor-1 was 66.10 ng/mL. Sex hormone levels were: estradiol < 5.0 pg/mL, follicle-stimulating hormone < 0.10 IU/L, luteinizing hormone < 0.10 IU/L, testosterone < 0.025 ng/mL, prolactin 0.1 ng/mL, progesterone < 0.050 ng/mL, and cortisol 572.0 nmol/L. Thyroid function was evaluated as follows: triiodothyronine 4.07 pmol/L, free thyroxine 16.20 pmol/L, and TSH 0.02 mIU/L. In addition, the biochemical examination of this patient was generally normal.

Imaging examinations
In December 2021, we examined the patient. Electrocardiography showed incidental atrial premature beats. Pituitary magnetic resonance imaging (MRI) showed that intracranial space occupying lesion, located in the sellar region of the brain, though the nature of the pathology was unknown. It was accompanied by agnogenic cystic lesions and signs of an irregular pituitary gland. Electroencephalography was abnormal, showing medium amplitude spike, slow wave sporadic or paroxysmal in the left occipital area. Computed tomography of the head showed: Signs of skull base depression, combined with a cerebellar subtonsillar hernia the foramen magnum was narrow the brain anterior and posterior diameter was widened small dense nodules in the anterior margin of the pituitary gland and no calcification signs of typical craniopharyngioma. The patient underwent a skeletal examination, which showed that the bone age was 11 years.

High throughput WES and mitochondrial sequencing
DNA samples were extracted from peripheral blood taken from the child and his parents to detect whole-exome sequences and whole-genome copy number variations. The results revealed two novel heterozygous variants of c.613G>C (p.V205L) and c.220T>C (p.C74R) in the LHX3 gene. Application of the human gene mutation database (and the OMIM database confirmed the reported pathogenic gene locus. The American College of Medical Genetics and Genomics (ACMG) sequence variation interpretation standards and guidelines were used for a comprehensive evaluation of the pathogenicity of mutation sites[4]. Informed consent was obtained from the guardian for all information collection and publication involved in this article.

Gene detection and pathogenicity analysis
[bookmark: _Hlk42952538]WES showed that there were two novel variants of c.613G>C (p.V205L) and c.220T>C (p.C74R) in the LHX3 gene in this patient, which were both unreported variants, and may lead to change in gene function. According to the ACMG guidelines, the mutations were both uncertain. The patient’s older brother also had the same variants. c.613G>C (p.V205L) is a low-frequency variation, with a frequency in the normal population of 0.0003676. According to Sanger sequencing, the patient’s father did not have this mutation, but his mother had the heterozygous mutation (Figure 1). c.220T>C (p.C74R) is also a low-frequency variation. According to Sanger sequencing, the patient’s mother did not have this mutation, but his father had the heterozygous mutation (Figure 2). 

FINAL DIAGNOSIS
Sanger sequencing showed that there were two novel heterozygous variations of c.613G>C (p.V205L) and c.220T>C (p.C74R) in the LHX3 gene. Based on clinical presentation, laboratory tests and gene sequencing results, the clinical phenotype was CPHD3.

TREATMENT
Considering the patient had sellar space-occupying lesions, a pituitary tumor resection was performed in our hospital, and he recovered well after surgery. Topiramate (3.97 mg/kg/d) was started in January 2022.

OUTCOME AND FOLLOW-UP
The patient is now 12 years old, and his weight is 37.2 kg. He had received topiramate treatment for nearly 3 mo, but his intellectual development is still slightly behind, with poor learning ability. Considering the short duration of medication and the insignificant improvement of the patient's symptoms, we will continuously follow this patient and record the relevant data to get a clear assessment of the treatment effect.

DISCUSSION
The LHX3 gene maps to chromosome 9 and is located on 9q34.3. It consists of seven coding exons and six introns, and encodes a protein that contains two tandemly repeated amino-terminal LIM motifs (involved in protein–protein interactions modulating the transcriptional activity) and a carboxy-terminal homeodomain with DNA-binding activity[1,2,5]. Expression of the LHX3 gene is one of the earliest markers implicated in the development of the anterior and intermediate lobes, and its expression plays an important role for the formation of gonadotrophs, thyrotrophs, somatotrophs, and lactotrophs[6,7]. It is involved in the development of the pituitary gland, motor neurons, inner ear, and placenta in mice[8]. Previous studies have shown that homozygous variants of LHX3 Lead to CPHD[9].
CPHD is an autosomal recessive genetic disease that is caused by both genetic and nongenetic factors. CPHD includes a heterogeneous group of disorders in which there is a deficiency of GH and also of one or more of other anterior pituitary hormones. The clinical manifestations of this disease include sensorineural deafness, short neck, GH deficiency, pituitary dwarfism, mental deficiency, and short stature. The prevalence of CPHD is estimated to be 1 in 8000 individuals worldwide, and is usually sporadic, but nearly 5%-30% of cases are familial[10]. The genetic defects causing CPHD typically result in misdevelopment of the anterior pituitary gland and insufficient hormone secretion, which manifests in early childhood[11,12].
According to previous studies, deficiency of growth hormone and deficiency of one or more other anterior pituitary hormones constitute the criteria for the diagnosis of CPHD. A retrospective study in Turkey found that short stature was present in 84.2% of patients. GH deficiency was present in > 75% of patients, followed by TSH and/or adrenocorticotropic hormone (ACTH) deficiency, and few patients developed symptoms of pituitary enlargement[10]. This varies slightly from the data obtained from a Korean study. In CPHD patients, endocrine dysfunction other than GH deficiency, including central hypothyroidism, was seen in approximately 82.6%, ACTH deficiency in 78.3%, hypogonadotropic hypogonadism in 73.9%, and central diabetes insipidus in 13.0%. Sellar MRI findings demonstrated structural abnormalities in 21 patients[13].
According to the literature, in 2008, Rajab published the first description of four patients with LHX3 mutations, restricted neck rotation, and sensorineural hearing loss[3]. Although most patients develop severe hormone deficiency after birth, a milder form is observed, and restricted neck rotation is not a universal feature of patients with LHX3 mutations[7].
For the LHX3 gene, we performed the search of the relevant case reports. We found that, except for the base-pair substitutions described here, the insertion and deletion of some gene fragments could lead to CPHD[10,12,13]. Although LHX3 mutations are a rare cause of CPHD, there is sufficient clinical evidence and theoretical support, and in the most cases they involve GH, TSH and LH/FSH defects.
In this case report, this child conformed to the typical clinical presentation of CPHD, and had his own special manifestations. He had short stature and genital dysplasia caused by GH and sex hormone deficiency, with dysmorphic facial features (prominent occipital bulge and forehead). In addition, TSH, cortisol and corticotropin were lower than normal, and renin activity was higher than normal, indicating hypoadrenal function. The child had normal hearing, but was accompanied by significant epileptic manifestations. The child has abnormal pituitary morphology, and has had surgical treatment. He did not develop seizures during the follow-up period, but still needed continued attention. It is worth noting that the two variants in the child were from each of the parents, and his older brother has the same genetic phenotype, also showing pituitary hormone deficiency, but no seizures, and we will study this further.
We described a Chinese patient with CPHD, with two novel compound heterozygous variants of c.613G>C (p.V205L) and c.220T>C (p.C74R) in the LHX3 gene identified by WES, along with subsequent treatment. We noted the specific familial genetic situation of the patient, and will further schedule the examination and gene function determination.

CONCLUSION
Previous studies have demonstrated hypopituitarism in the LHX3-related phenotype of CPHD. Our patient was found to have two novel compound heterozygous variants of c.613G>C (p.V205L) and c.220T>C (p.C74R) in the LHX3 gene, which were unreported before. Typical features of CPHD include sensorineural deafness, short neck, GH deficiency, pituitary dwarfism, mental deficiency, and short stature, and other mild dysmorphic features. We encourage clinicians to consider CPHD in patients with similar clinical features. Genetic testing can not only assist in diagnosis, but also guide patients' prognosis and family genetic disease counseling.
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Figure Legends
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Figure 1 Comparison of the different variation at the c.613G>C (p.V205L) in the LHX3 gene. A: Novel variant in c.613G>C (p.V205L) of the LHX3 gene in this patient; B: No variant in the patient’s father; C: Same variant in the patient’s mother; D: Same variant in the patient’s older brother.
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Figure 2 Comparison of the different variation at the c.220T>C (p.C74R) in the LHX3 gene. A: Novel variant in c.220T>C (p.C74R) of the LHX3 gene in this patient; B: Same variant in the patient’s father; C: No variant in the patient’s mother; D: Same variant in the patient’s older brother.
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