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Objectives: Preprotein convertase 1/3 deficiency is a rare autosomal recessive disorder in which patients present with malabsorptive diarrhea and a series of symptoms of endocrine disorders such as polydipsia, reactive hypoglycemia, growth hormone deficiency, hypothyroidism, adrenal insufficiency, and early onset obesity. In its essence, pituitary hormone deficiency is caused by insufficient cleavage of pituitary prohormones. Here, we describe a female child with a rare double-site homozygous mutation in PCSK1 (Proprotein convertase subtilisin/kexin-type 1) gene, and thereby intend to investigate the relationship between these novel mutation sites and changes in protein synthesis and function.



Methods: We tested this patient's blood and urine fecal indicators of infection, blood electrolytes, and relevant endocrine hormone levels in the laboratory. Next Generation Sequencing was applied to screen the patient's DNA. Western Blot was performed to evaluate the mutant protein's expression. The enzymatic activity was measured as the rate of cleavage of a synthetic fluorogenic substrate in a specific solution.



Results: We found that this patient presented shortly after birth with uncorrectable diarrhea and symptoms of metabolic acidosis with hypothyroidism. Next Generation Sequencing revealed that a rare double-site homozygous missense mutation, c.763G > A (p.G255R) and c.758C > T (p.S253L), were detected in exon 7 of PCSK1 (Proprotein convertase subtilisin/kexin-type 1) gene on chromosome 5 of the patient. Western blotting revealed that there was no significant decrease in protein synthesis levels in the mutant phenotype compared to the wild type. Compared with WT type, the proteins expressed by the mutations showed a significant decrease in the enzyme activity towards the fluorescent substrates. However, neither the single site mutation p.S253L or p.G255R, nor the double-site mutation of both, all showed no significant differences from each other.



Conclusions: These two missense mutations have not been reported before, and it is even rarer to find homozygous variation of two sites in one patient. This study identifies two novel mutations for the first time and further investigates the changes in protein synthesis and enzyme activity, providing a new pathway to continue to explore the pathogenesis of diseases associated with the function of PC1/3.
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Introduction

Proprotein convertase subtilisin/kexin type 1 gene (PCSK1), which encodes Prohormone convertase 1/3 (PC1/3), comprises 14 exons and is located on chromosome 5q15–21 in humans (1, 2). PC1/3 deficiency, an autosomal-recessive disorder caused by rare mutations in the PCSK1 gene, whose main clinical manifestation is characterized by malabsorptive diarrhea, polyphagia with obesity, and a series of endocrinopathies, including growth hormone deficiency, adrenal insufficiency, central diabetes insipidus, central hypothyroidism, and hypogonadism (3). In the early stages of the condition, almost all patients require parenteral nutritional support, and diarrhea improves with age (3–5). The remaining endocrine function disorders usually necessitate symptomatic supplementation, such as thyroxine supplementation for hypothyroidism and sex hormone supplementation for hypogonadism (4). To our knowledge, 32 PC1/3 deficient patients have been reported in the literature. Among them, 28 (87.5%) patients had homozygous mutations and only 4 (12.5%) were compound heterozygotes (6–10). Depending on the location of the mutation site and the type of mutation, the impact on the final result of protein synthesis and enzyme activity frequently differs. In the homozygous missense mutation c.1777G > A (p. Gly593Arg), for instance, lack of conserved residues leads to synthesized products with low measured secretory activity, however PC1/3 can still be produced and identified (4); And the patient has the symptoms of malabsorptive diarrhea, hypoglycemia, central hypogonadism, obesity and central diabetes insipidus. The heterozygous missense/splice site mutation c.1777G > A (p. Gly593Arg)/c.620 + 4A > C resulted in the loss of conserved residue and intron donor sites, leading only pro-PC1/3 to be detected and PC1/3 production to be absent (11, 12), whilst the patient has the symptoms of malabsorptive diarrhea, hypoglycemia, central hypogonadism, obesity and growth hormone deficiency. In this study, we describe two novel missense mutant sites that haven't been reported before. Different from the cases reported previously, the case presented here is even more unusual as the infant has two homozygous mutation sites at the same time. We intend to look into the link between mutation sites and changes in protein synthesis and function in order to better understand the effects of the mutation. And we believe that it will give a new theoretical foundation and reference for the prevention and treatment of the PCSK1 gene associated with PC1/3 deficiency.



Materials and methods


Subjects

This study was approved by the ethical Institutional Review Board (IRB) of the Children's Hospital, Zhejiang University School of Medicine (IRB number:2021-IRB-251).



Targeted next generation sequencing(NGS) and data analysis

The patient's and her parents' genomic DNA were extracted from 2-ml peripheral blood samples using the QIAamp DNA Blood Mini Kit (Qiagen GmbH, Hilden, Germany). The DNA concentration and purity were measured using an Invitrogen Qubit dsDNA detection kit and a Qubit4 fluorometer (Carlsbad, CA, USA). The Agilent Sure Select Target Enrichment System (Agilent Technologies Inc., Santa Clara, CA, US) was used to produce an adapter-ligated library according to the manufacturer's instructions. An XT Inherited Disease Panel (cat No. 5190–7519, Agilent Technologies Inc.) containing 2,742 genes was used to create the capture library. The clusters were then produced using an Illumina cBot Station and sequenced on an Illumina HiSeq 2,500 System (Illumina Inc., San Diego, CA, US). Using human genome hg19 as the reference, alignment of sequence and repeated labeling were performed using BWM version 0.7.17 (http://bio-bwa.sourceforge.net/) and Picard bioinformatics software version 2.5.0 (https://broadinstitute.github.io/picard/) for biological analysis and interpretation. GATK 4.0.0.0 (https://gatk.broadinstitute.org/hc/en-us/sections/360007407851-4-0-0-0) and Samtools 1.8 (https://sourceforge.net/projects/samtools/files/samtools/1.8/) were used to identify mutation sites.



Cell line and cell culture

Human embryonic kidney 293 cells (HEK293) were obtained from ATCC (Manassas, VA) and were cultured in high glucose DMEM (Hyclone, USA) supplemented with 10% (v/v) fetal bovine serum (FBS, Life Technologies, Inc., Grand Island, NY) as described previously (4, 13). Cells were maintained at 37°C with 5% CO2.



Transient transfection of expression vectors & enzyme assay

A Flag-tag was inserted into the N-terminal of a wild-type human PC1/3 (NM 000439.5)-encoding plasmid, which was mutated at Ser 253 to encode Leu and Gly 255 to encode Arg by site-directed mutagenesis using the KOD-Plus Mutagenesis Kit (TOYOBO, Japan) and then sequenced in their entirety. There were no other mutations detected. The wild-type and mutant plasmids were transiently transfected into HEK293 cells using Lipofectamine 2,000 reagent (Invitrogen) as per the manufacturer's instructions. Two days later, the overnight conditioned Optimem (containing 100 mg/ml aprotinin) was assessed for protein expression by western blotting and enzymatic activity of secreted recombinant PC1/3 proteins present in conditioned medium was tested using a fluorogenic substrate, pERTKR-AMC (pyroGlutamate-Arginine-Threonine-Lysine-Arginine-aminomethylcoumarin, R&D Systems) as previously described (4, 13, 14).



Western blot

Western blot was performed as described previously (15). Briefly, total protein extracts were prepared using lysis buffer (2% SDS, 10% glycerol, 50 mM Tris-HCl pH 6.8), and protein concentrations were determined by using a standard Bradford assay (Beyotime, Shanghai, China). 50 g of total protein was then subjected to SDS-PAGE followed by a transfer onto PVDF membranes (Millipore, Bedford, MA). Membranes were incubated with primary antibodies against Flag (MBL, Beijing, China) or GAPDH (Bioss, Beijing, China) at 4°C overnight followed by incubation in secondary antibodies (Beyotime, Shanghai, China) at room temperature for 2 h. Immunosignals were subsequently developed by using the Enhanced Chemiluminescence System. National Institutes of Health Image software (ImageJ, http://rsb.info.nih.gov/ij/) was used to quantify the immunoreactive bands, and the normalized antigen signals were calculated from Flag-derived and GAPDH-derived signals.




Results


Clinical phenotype description

The patient, a female infant born after 41 weeks of gestation, weighed 3150 g (−0.18 SD) and height 50 cm (0.83 SD). The patient admitted to the local hospital for management of severe diarrhea and metabolic acidosis within the third week of life, with polyuria and no abnormalities in urine and fecal routine and pathogen testing. Serum potassium was 2.2 mmol/L (normal 3.5–5.5 mmol/L), serum sodium was 152 mmol/L (normal 135–145 mmol/L), serum chloride was 145 mmol/L (normal 98–107 mmol/L), and the potential of hydrogen was 7.11 (normal 7.35–7.45). After stabilization in the local hospital, the infant was referred to our hospital on postnatal day 33 because of persistent diarrhea and acidosis. Blood inflammatory parameters were not significantly elevated, thyrotropin (TSH) 12.8 mIU/L (normal 0.35–4.94 mIU/L), free thyroxine (FT4) 9.81 pmol/L (normal 9.01–19.05 pmol/L) (31 days old). The patient was considered to have congenital hypothyroidism and was therefore given oral treatment with levo-thyroxine. Blood tests suggested carnitine deficiency, and levocarnitine was administered orally. The patient's karyotype is 46, XX.

When first admitted to our hospital, the infant weighed 3.32 kg (−1.94 SD) and height 52 cm (−0.79 SD). Except for dehydration, the physical examination revealed no visible abnormalities. Her blood tests revealed metabolic acidosis, hypernatremia, and hyperchloremia at the time of hospitalization. She was given 1 ml/kg/d of 10% potassium citrate orally for 5 days, as well as acid correction, rehydration, and other symptomatic care. Blood glucose levels were kept under control, and genetic metabolism tests in the blood and urine were normal. Levocarnitine was discontinued. TSH levels were within normal limits, but FT4 levels were constantly below 10 pmol/L. The ACTH level was slightly elevated (80 pg/ml), while the cortisol level was low (4.6 g/dl). While in the hospital, the baby developed polyuria, with a high volume of 8.2 ml/kg/h and a urine specific gravity of 1.008. After 23 days in the hospital, the infant was discharged with potassium citrate and weighed 3.75 kg (−2.25 SD) with a height of 52 cm (−1.52 SD). The patient had a cranial MRI at 2 months of age and no significant abnormalities were seen.

Follow-up: At 6 months of age, the infant was readmitted to our respiratory medicine department with “severe pneumonia.” She was 6 kg (−1.84 SD), 61 cm (−2.44 SD), and had been given additional food. She drank 120 ml of milk every two hours. She was still suffering from diarrhea and was taking potassium citrate orally at a rate of 4 ml/kg/d qid, as well as drinking roughly 750 ml of oral rehydration salts III daily. Blood gas monitoring revealed metabolic acidosis, and the FT4 level remained low (see brief summary of the patient's blood hormone levels in Table 1).

Family Background: The patient's parents are middle-sized adults in good health, no history of chronic diarrhea as children, and no abnormalities of the thyroid or blood glucose levels during annual physical exams. The parents and family had no significant appearance deformities. Her older sister was in good condition. Other family members were not available for further genetic and phenotypic work-up.


TABLE 1 Brief summary of the patient's hormonal evaluations and drug application.
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Identification of homozygous mutation in PCSK1 by tNGS

We used the trio model (i.e., both the patient and her parents were sequenced by second generation sequencing). The reported high-quality variants were not validated by Sanger sequencing. Next Generation Sequencing of this patient and her parents revealed a rare double-site homozygous missense mutation, c.763G > A (p.G255R) and c.758C > T (p.S253L) (NM_000439.5), were detected in exon 7 of PCSK1 gene. Since the two mutations are located on the same strand (allele) as illustrated in Figure 1, both parents have a wild-type allele and a mutant allele (with 2 variants). Therefore, due to the recessive inheritance of the disease, the parents are simple heterozygotes with no clinical manifestations (https://doi.org/10.6084/m9.figshare.20764030.v2).


[image: Figure 1]
FIGURE 1
Next generation sequencing of this patient and her parents (The gene is reverse coded). NGS detected two homozygous missense mutations, c.758C > T (p.S253L) and c.763G > A (p.G255R), in exon 7 of the PCSK1 gene of this patient. Both parents are simple heterozygotes since both mutations are located on the same strand (allele).


The two variants c.763G > A (p.G255R) and c.758C > T (p.S253L) found in the patient were both missense mutations (Figure 2A). Searches of the ExAC, GnomAD and 1,000 Genomes databases did not show any relevant records and did not support the polymorphic sites. Protein function prediction by SIFT, Polyphen and Mutation Taster suggested that both two variants were “disease inducing”. No records were found in ClinVar, LOVD and HGMD databases. According to the ACMG guidelines, the two variants were rated as “Uncertain Significance”.
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FIGURE 2
(A) Domain structure showing the novel S253L and G255L mutations within PC1/3. The PC1/3 exhibit an N-terminal signal peptide, followed by a prodomain, a catalytic-domain, a P-domain, and an enzyme-specific C-terminal segment. (B) Western blot of PC1/3 wild-type and mutant protein expression. HEK293 cells were transfected with Flag-tagged wildtype PC1/3 (WT) or PC1/3s containing novel mutations. Medium and cell lysate were subjected to western blot using an anti-Flag antibody. GAPHD was used as a loading control. (C) Enzymatic activity of wild-type PC1/3 (WT) or PC1/3s containing novel mutations. The enzymatic activities of secreted PC1/3 proteins in conditioned medium were assayed using a fluorogenic assay. **p < 0.01 vs. Control, ##p < 0.01 vs. WT; n = 6; error bar, SD.




Functional analysis and in vitro assessment

To confirm the functional significance of these two variants, we examined the activity of the wild type and mutant PC1/3 proteins in HEK293 cells. Western blotting revealed that both the single-mutant and double-mutant proteins had normal prodomain removal and were secreted efficiently from HEK293 cells (Figure 2B). All PCSK1 mutations studied in this study destroyed the enzymatic activity of PC1/3 during examination in an HEK cell expression system. The missense mutants p.S253L and p.G255R could traverse the secretory pathway efficiently. The secreted protein exhibited variable enzyme activity against the fluorogenic substrate (Figure 2C). But compared with WT type, the proteins expressed by the mutations showed a significant decrease in the enzyme activity towards the fluorescent substrates. Neither the single site mutation p.S253L or p.G255R, nor the double-site mutation of both, all showed no significant differences from each other. In the PC1/3 3D model (Figure 3), both variation sites of two residues, which closely nearby, are located in the exterior β-turn of the catalytic domain (17), positions that may have a similar effect on protein folding.


[image: Figure 3]
FIGURE 3
PCSK1 catalytic domain 3D structure. 3D representation of the full protein and catalytic domain of PC1/3, based on the crystal structure of PCSK1 using the Swiss model (swissmodel.expasy.org). Both variation sites of two residues, S253L&G255R, which closely nearby, are located in the exterior β-turn of the catalytic domain. The catalytic triad of Asp167, His208 and Ser382 residues have been labeled.





Discussion

Proprotein convertases (PCs) are a family of secreted mammalian serine endoproteases that convert inactive propeptides into physiologically active peptides because of their subtilisin-like catalytic domain (6, 18). There are seven closely related enzymes (furin, PC1/3, PC2, PC4, PACE4, PC5/6, and PC7), as well as two less related enzymes (PCSK8 and PCSK9) in the PC family (4, 13). PC1/3 is found in a variety of tissues, including gut endocrine cells, hypothalamic arcuate and paraventricular nuclei, monocytes, and pancreatic beta cells. Studies on PC1/3 knockout mice have clearly demonstrated that the production of specific peptides in such animals is decreased or abolished due to lack of processing via PC1/3 (19, 20). And it has been found that PC1/3 gene disruption results in severe developmental abnormalities (14). Growth retardation is observed in PC1/3-null mice, and adult mutant mice are approximately 60% the size of normal mice. Furthermore, analysis of many protein precursors known to be processed by PC1/3 revealed that these mice exhibit multiple abnormalities in a variety of hormone precursor processing events, including pituitary proopiomelanocortin (POMC), hypothalamic growth hormone releasing hormone (GHRH), proinsulin, and intestinal proglucagon. Therefore, patients with PC1/3 deficiency have been observed to suffer malabsorptive diarrhea, polyuria, reactive hypoglycemia, growth hormone deficiency, hypothyroidism, adrenal insufficiency, and early-onset obesity in varying degrees (17).

All the patients had malabsorptive diarrhea. There was no alleviation after ruling out the effects of infection, ion channel transport abnormalities, and various nutrients in the diet. Except for a few patients who showed evidence of modest villous atrophy, intestinal tube biopsies were conducted on some children and no substantial abnormalities were discovered (4). Normal chromogranin A staining was found in the intestinal tissues, however, neither PC1/3 nor PC2 expression was found (4, 5, 21).

Most children's diarrhea symptoms improved with age, and they exhibited hyperappetence and rapid weight gain around the age of 12 to 18 months (4, 22). Stijnen et al. (1) discovered a link between the PCSK1 SNPs rs6232 and rs6234-rs6235 and obesity in their study. Body mass index (BMI) in individuals with PC1/3 deficiency rises gradually after the age of two years, however in many patients, weight growth and short stature happen concurrently, implying that the rise in BMI is not simply due to weight gain (4, 5). Another mouse model of PC1/3 deficiency which has a missense mutation in the PC1/3 catalytic domain (N222D), leading to obesity with abnormal proinsulin processing and multiple endocrine deficiencies (23). One patient with PC1/3 deficiency was diagnosed with severe childhood obesity (12). PC1/3 is thought to play a crucial part in the production of numerous hormones, and so may contribute to obesity risk by involving in appetite regulation, such as feeding behavior and thermogenesis (1, 24). In a series of studies investigating the possible role of leptin in the regulation of neuropeptide processing, it was reported the regulatory role of leptin on PC1/3 in the paraventricular nucleus arcuate nucleus of the hypothalamus, and the nucleus of the solitary tract (25, 26).

A new case of PC1/3 deficiency with characteristic symptoms such as severe congenital diarrhea, polyuriaand central hypothyroidism is reported in this article. NGS detected two new missense mutations in PCSK1, c.763G > A (p. G255R) and c.758C > T (p. S253L). Patients with PC1/3 deficiency have been reported to exhibit multiple hormonal insufficiencies. The form and severity of hormonal insufficiency vary from patient to patient with PC1/3 deficiency. To date, there have been 32 cases of PCSK1 deficiency recorded so far, with patients presenting a varied range of symptoms (6, 8, 9). The first patient with a PCSK1 mutation was reported by O'Rahilly et al. in 1995 (11); of total 33 patients diagnosed (including the one we reported) (see Table 2), all presented with malabsorptive diarrhea before the age of 3 years, 60.6% (20/33) in males and 39.4% (13/33) in females. 87.9% (29/33) had onset in the neonatal period. Also, 72.7% (24/33) presented with polydipsia and polyuria or were diagnosed with central uremia, 69.7% (23/33) were diagnosed with early-onset obesity, 48.5% (16/33) had hypocorticism, 54.5% (18/33) had central hypothyroidism, 33.3% (11/33) had reactive hypoglycemia, and 33.3% (11/33) were diagnosed with growth hormone deficiency, 30.3% (10/33) were found to have hypogonadotrophic hypogonadism, and 4 died before 2 years of age (12.1%). There are significant similarities in the clinical symptoms of patients with the same site variant based on the variant sites and clinical manifestations of the documented instances thus far. For example, two patients with the c.1213C > T variation developed diarrhea, hypoglycemia, obesity, and polyuria or diabetic insipidus. Two patients with the c.1_2delATinsTA variant had diarrhea, obesity, hypocorticism and hypothyroidism; Two patients with the c.1312C > T variant had diarrhea, obesity and diabetic insipidus; Two patients with the c.500A > C (p. D167A) variant had diarrhea, obesity, polyuria or diabetic insipidus. Both of the two patients with the c.500A > C (p. D167A) variant experienced diarrhea, obesity, polyuria, hypocorticism, growth hormone insufficiency, and hypothyroidism, with minor variances attributable to age-related variations in gonadal and growth hormone action. However, except for diarrhea, the three patients who all had the c.927C > G variant and the two patients who all had the c.1350_1353del (p. D451fs) mutation had little in common. It's difficult to adequately assess the association between genotype and phenotype due to the small number of instances reported so far.


TABLE 2 Overview of PC1/3-deficient patients: genotype and clinical phenotypes.
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The patient we report had a height and weight within the normal range at birth. But by the time she was 6 months old, both measurements had fallen almost two standard deviations behind. Growth hormone level was at the lower limit of the reference range (5.02 ng/ml) at 2 months of age, and insulin-like growth factor-1 (IGF-1) level was slightly lower (30.6 ng/ml) at 6 months (Table 1). The patient must be constantly watched for growth and development going forward because of the increased risk of growth hormone insufficiency. It is important to keep a close watch on the growth hormone-insulin growth factor (GH-IGF) axis and to perform growth hormone stimulation tests at the proper time.

Shortly after birth, it was discovered that this patient had low free thyroxine (FT4) and high thyrotropin (TSH) levels. Typically, it is presumed that low FT4 secretion is what causes increased TSH reactivity, and hypothyroidism needs to be taken into consideration. After taking levothyroxine orally, the patient's total T4 and FT4 levels remained low, but TSH levels were abnormally normal, thyroid hormone-binding globulin was consistently within the normal range, and thyroid ultrasonography did not show any ectopic or size abnormalities. Less TRH is produced when the hypothalamus is injured, which decreases the release of TSH, Triiodothyronine (T3), and T4, resulting in central hypothyroidism. Because of this, we assumed that the patient had this problem. Although we gave the patient what we believe to be an appropriate dose of levothyroxine as a supplement, the patient's oral medication absorption was probably hampered by the long-term presence of chronic malabsorptive diarrhea, leading to consistently lower than anticipated free thyroxine levels in the blood. We'll follow up with dose modifications and keep a close eye on the patient's thyroid hormone levels.

The patient was admitted with a little increased adrenocorticotropic hormone (ACTH) level (80 pg/ml) and a slightly low cortisol level (4.6 g/dl), but her clinical symptoms—hypokalemia and hypernatremia—did not point to a mineralocorticoid insufficiency. Aldosterone level was also within the normal range. We adopted expectant therapy rather than beginning hydrocortisone medication because the patient's electrolyte imbalance was alleviated after rehydration therapy, blood glucose monitoring was always within normal ranges, and vital signs were stable. We randomly rechecked ACTH and cortisol levels at 3 months of age (when the patient was informed of the NGS test result) and 6 months of age, both of which were within the normal range, since infants under 3 months of age do not have a regular sleep pattern and do not have a circadian pattern of cortisol secretion. When the patient's cortisol was checked at 8:00 am at 6.5 months old, it was within the usual range, and the ACTH level was not abnormally elevated. During hospitalization and outpatient follow-up, blood glucose and serum insulin levels were within normal ranges.

Throughout her hospital stay, the patient's output was consistently higher than 70% of her intake.

Despite the low urine gravity of the patient (as low as 1.008), the presence of diabetes insipidus cannot yet be diagnosed. The patient's diarrhea and polyuria persisted during the outpatient follow-up. It is quite regrettable that for a variety of reasons, we were unable to finish the water-deprivation test and the ACTH stimulation test. Although we are unable to confirm central adrenal insufficiency and diabetes insipidus in our patient at this time to thoroughly evaluate pituitary function, we will complete these relevant endocrine work-ups in the future during long-term follow-up.

PC1/3 comprise four domain parts: a prodomain, a catalytic domain, a P-domain and a C-terminal domain (33–36) (Figure 2A). After initially synthesized as a zymogen, PC1/3 is cleaved autocatalytically in the endoplasmic reticulum rapidly (37). After being produced as a 97-kDa zymogen, PC1/3 is successively autocatalytically converted to 87-kDa (38) and to the smaller 74/66-kDa active form in the endoplasmic reticulum. The latter is less steady than the former but more active (37–39). In vivo studies have also revealed increased activity of the 66-kDa variant and only when the 66-kDa form further cleaves the C-terminal peptide, this convertase can be finally free to act in trans on the majority of its substrates (40). Mutations or deletions in convertase propeptides have long been known to block autocatalytic processing in the endoplasmic reticulum (33, 41). Previous research has also suggested that structural interactions between the P domain and the catalytic domain play a significant role in determining the pH optimum and specific activity (42).

The catalytic domain is a highly conserved domain in human pro-protein serine convertases, and it is part of the catalytic triad Ser/His/Asp catalytic, which is vital in catalyzing peptide bond hydrolysis (43). According to conformational research based on the crystal structure of PCSK1, the affected amino acids, Ser253 and Gly255, are located in the exterior β-turn of the catalytic domain (Figure 3). As a result, missense mutations on Ser253 or Gly255 may not affect enzymatic activity as strongly as previously described missense variants closer to the highly conserved catalytic triad Ser/His/Asp (4, 9). Also, the catalytic domains of the PC1/3 protein, which have a high degree of conservation, are located between sites 158 and 442 while the disulfide bond region is located between sites 225 and 374. It is very likely that a pure mutation of these two locations may alter the production of disulfide bonds, impairing PC1/3 function. Meanwhile, the degree of decrease in enzyme activity produced by either the single-site homozygous mutation or the double-site homozygous mutation in p. S253L or p. G255R was similar and did not differ significantly, according to the results of the enzyme activity experiment. Given the close proximity of S253 and G255, missense mutations at these two positions are very likely to have the same effect. This could explain why the enzyme activity of the patient did not differ significantly between the two loci variants present at the same time compared to the single locus variant.



Conclusion

PC1/3 deficiency is a disease that affects the secretion of multiple hormones and currently has no effective cure. In clinical practice, patients with affected hormone secretion and persistent non-infectious, malabsorptive diarrhea should be alerted to the disease and genetic testing should be performed if necessary to facilitate the diagnosis. The subsequent diarrhea, hormonal changes and growth of the child in this case are yet to be followed up. This study identifies two novel mutations for the first time and further investigates the changes in protein synthesis and enzyme activity, providing a new pathway to continue to explore the pathogenesis of diseases associated with the function of PC1/3.
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