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Case Report: A Novel Non-Canonical Splice Site Variant (c.1638+7T>C) in TRPM6 Cause Primary Homagnesemia With Secondary Hocalcemia
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Objective: Primary hypomagnesemia with secondary hypocalcemia (HSH) is caused by loss-of-function mutations in the TRPM6 gene encoding the epithelial magnesium channel. It is characterized by hypomagnesemia and secondary hypocalcemia associated with neurological symptoms. Here, we aimed to investigate the genetic defects of the TRPM6 gene found in a girl from China.

Methods: The genomic DNA of the proband and the parents was extracted for whole-exome sequencing. Sanger sequencing was further performed to validate the candidate variants. Subsequently, the TRPM6 gene deletion was verified by quantitative PCR (qPCR) experiment. The effect of the variant on mRNA splicing was analyzed through a minigene splice assay and reverse transcription PCR (RT-PCR) in vitro.

Results: The proband presented with the symptoms of generalized seizures, tetany, and muscle spasms, which were refractory to anticonvulsant treatment. Phenotypic data indicated that the patient had hypomagnesemia, poor parathyroid hormone response, and resultant hypocalcemia. The trio whole-exome sequencing identified that the proband carried compound heterozygous variants in the TRPM6 gene, a paternally derived exon 6 deletion, and a maternally derived splicing variant (c.1638+7T>C) in exon 14. The minigene splice assay confirmed that the c.1638+7T>C variant resulted in exon 14 skipping, which caused the alteration of TRPM6 mRNA splicing.

Conclusion: Our results support that the compound heterozygous variants in TRPM6 are responsible for HSH in this patient. A novel pathogenic splicing variant (c.1638+7T>C) in the intron 14 disturbs the normal TRPM6 mRNA splicing, suggesting that the non-classical splice variant plays a critical role in HSH. This variant is essential for future effective genetic diagnosis.
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INTRODUCTION

Primary hypomagnesemia with secondary hypocalcemia (HSH; OMIM, #602014) is a rare autosomal recessive inherited metabolic disorder distinguished by profound hypomagnesemia, secondary hypocalcemia, and unreasonably low parathyroid hormone levels (1). HSH is caused by the loss of function of the epithelial magnesium channel protein encoded by the transient receptor potential cation channel subfamily M member 6 (TRPM6) gene (2). TRPM6 is mapped to chromosome 9q22 and expressed in intestinal epithelial cells and kidney tubules, which predominantly mediates intestinal Mg2+ absorption and renal Mg2+ excretion (3). Hypocalcemia is caused due to a decrease in the release of parathyroid hormone (PTH) as a result of severe hypomagnesemia (4). Reportedly, pathogenic TRPM6 mutation sites are associated with HSH disease (5, 6). According to the Human Genome Mutation Database (HGMD; http://www.hgmd.cf.ac.uk), only 77 mutations have been identified in the TRPM6 gene, involving 37 missense mutations or non-sense mutations, 14 splice site mutations, 13 small deletions, three small insertions, one small indels, and nine gross deletions. In this study, we identify a novel splice site variant (c.1638+7T>C) which disturbed the normal mRNA splicing in vitro and exon 6 deletions, suggesting that compound heterozygous TRPM6 gene variants play a significant role in the pathogenesis of HSH. Moreover, supplementation with calcium and magnesium can improve the clinical symptoms of HSH.



MATERIALS AND METHODS


Case Description

The proband was a girl who was born full-term with normal growth and development with an uncomplicated perinatal period. Her mother and father were in good health were in good health. She developed a carpopedal spasm at birth and was referred to The Second Affiliated Hospital of Nanjing Medical University. She had negative imaging and electrophysiological findings in EEG. Her workups revealed that total serum calcium was 1.19 nmol/L (normal: 2.0–2.7 nmol/L), ion calcium was 0.64 nmol/L (normal: 1.1–1.34 nmol/L), magnesium was 0.45 nmol/L (normal: 0.8–1.0 nmol/L), and serum PTH was 23.9 ng/L (normal: 15–65 ng/L). She had a reduced urine magnesium reabsorption, poor PTH response, and resultant hypocalcemia. In view of that the child suffered from convulsions due to excessive loss of serum magnesium and calcium, she improved after receiving calcium and magnesium supplementation. However, the possibility of genetic metabolic diseases had not been considered. During her follow-up period of 12 years, muscle spasms occurred after infection and diarrhea every year. In addition, the serum magnesium level varied due to the severity of her emesis in the last hospitalization. Her systemic evaluation included normal weight and height, with no signs of deformity. There were no abnormalities in the blood count or results of the thyroid, kidney, and liver function tests. Her serum total calcium was 1.39 nmol/L, ion calcium was 0.42 nmol/L, magnesium was 0.51 nmol/L, and PTH was 15.9 ng/L. During her most recent hospitalization, she was given intravenous Mg2+ sulfate and calcium gluconate, and oral magnesium and calcium were provided after discharge. While receiving regular oral treatment, her serum magnesium was >0.5 nmol/L, and her total calcium level was in the normal range. After comprehensive consideration of the clinical and laboratory findings, we thought that the proband may have an inherited metabolic disease. The whole-exome sequencing analysis was suggested.



Whole-Exome Sequencing

WES was performed by Mygenostics Medical Laboratory Co. Ltd. (Beijing, China) using the peripheral blood samples of the proband and her family. The specific steps were carried out on an Illumina HiSeq 2000 (Bio-Rad, Hercules, CA, USA) by 2 × 100-bp paired-end reads. It was necessary to exclude variants with allele frequencies >1%. The minor allele frequency (MAF) was a comment with the Genome Aggregation Database (gnomAD), dbSNP, 1000 Genomes MAF (Chinese), ExAC, and an in-house MAF database. All candidate variants were clarified in accordance with the American College of Medical Genetics and Genomics (ACMG) criteria (7) and further validated by Sanger sequencing.



Copy Number Variation Analysis

Using the primer pair sequences listed in Supplementary Table 1, we performed quantitative PCR (qPCR) based methods for expression analysis of the target gene. The experiment was conducted using AceQ qPCR SYBR Green Mix (Vazyme Biotech Co. Ltd) in 7500 Real-Time PCR System (Applied Biosystems, CA, USA). Further, the relative expression of the TRPM6 gene was normalized to internal control (GAPDH) gene by subtracting the Ct values of E5, E6, and E7 exons. The fold difference in TRPM6 expression level was calculated using the 2−ΔΔCt method.



Sanger Sequencing of the c.1638+7T>C Variant

A genomic DNA sample was collected from peripheral blood using the DNA isolation kit (Tiangen, China) according to the standard methods. Primers for PCR amplification of the coding exon 14 and ~200 bp intron boundaries of the TRPM6 gene were edited by the Primer 5.0 software (F: GCAGATTGTATCAATGGCTGGTCA; R: CTTCTGATCCTTACGCATCCCA). The PCR products were sequenced by BigDye Terminator (Applied Biosystems, CA, USA). In addition, samples from 200 unrelated healthy controls were screened to exclude the non-disease-associated variants in the Chinese population.



Plasmid Construction

In order to generate a minigene mixture, a pSPL3 minigene reporter vector including a conventional expression system with SD6 and SA2 was used as the resultant mRNA transcripts per previous research, as described in our recent study (8, 9). Briefly, we generated fragments containing the target exons 14 where the splicing variant was located, and 150 bp of flanking intronic regions with XhoI and BamHI restriction sites. Appropriate primers sequences were as follows: Forward: 5′-accagaattctggagctcgagGCACGCATAGATGGAAGCACA-3′; Reverse: 5′-atcaccagatatctgggatccCCCTCTAACCTGCCTCATC ACA-3′. Finally, the fragments were cloned into a pSPL3 vector with the XhoI and BamHI by the ClonExpressTM II One Step Cloning Kit (Vazyme Biotech Co., Ltd). All constructs were confirmed by bidirectional sequencing.



In vitro Splicing Assay

The recombinant constructs (pSPL3-E14-WT and pSPL3-E14-MUT) were transiently transfected in HEK293T, Hela, HepG2, and A549 cells (all obtained from ATCC), using Lip2000 (Invitrogen). Total RNA was extracted from cells using Trizol Reagent (Takara, Japan) 24 h after transient transfection. The first strain cDNA strand was reversely transcribed using the HiScript III transcriptase (Vazyme Biotech Co. Ltd) per the manufacturer's instructions. cDNA was amplified by 2xTaq Master Mix (Vazyme Biotech Co. Ltd) with primers located in the two cassette exons of the pSPL3 vector. The primers sequences used for the experiment were forward SD: 5′-TCTGAGTCACCTGGACAACC-3′ and reverse SA: 5′-ATCTCAGTGGTATTTGTGAGC-3′. The PCR products were visualized on agarose gel and confirmed by sequencing the PCR products after gel extraction.



Statistical Analysis

All data in this study are shown as means ± SEM. Statistical analysis was made by ANOVA among groups followed by a Bonferroni's comparison test. p < 0.05 were considered significant.




RESULTS


Genetic Analysis

To verify the potential molecular diagnosis, by whole-exome sequencing and subsequent direct sequencing of the TRPM6 gene, we identified the proband-carried compound heterozygous variants, one is c.545_669 del from her father, another one is c.1638+7T>C inherited from her mother (Figure 1). According to the ACMG criteria, the c.1638+7T>C and c.545_669 del variants were classified as VUS (PM2) and Likely Pathogenic (PM2+PVS1). The c.545_669 del variant caused exon 6 deletion (Ex6 del). The c.1638+7T>C variant was located at the +7 position of the donor site resulting in an abnormal splice of exon 14 by four silico prediction (MaxEntScan, SpliceAI, NNSplice, BDGP). In silico analysis indicated that the deletion of exon6 in the TRPM6 gene leads to a premature stop codon at 191 amino acids (p.(R191*)), and this transcript is subject to degradation by the Nonsense-mediated RNA decay (NMD) (https://nmdpredictions.shinyapps.io/shiny/). Copy number variant analysis by qPCR confirmed the large heterozygous loss of TRPM6 exon 6 in the proband and her father (Figure 1C). The two novel variants have not been reported in the public genomic databases.


[image: Figure 1]
FIGURE 1. TRPM6 gene variants identified in a patient with HSH. (A) Pedigree of the family from China with two different TRPM6 variants. (B) Direct sequencing shows a splicing variant c.1638+7T>C in intron14 of the TRPM6 gene (arrows), while the wild-type sequence is also shown (bottom). (C) TRPM6 gene qPCR analysis showed that the proband and her father carried heterozygous exons 6 deletions.




Splicing Minigene Reporter Assay

Minigene assay is an alternative strategy to assess the impact of the splicing variant. The pSPL3 reporter containing a conventional expression system with two cassette exons is a powerful tool to help investigate splicing regulation (Figure 2A). In this study, we designed a pSPL3 minigene assay to clarify the pathogenicity of the c.1638+7T>C variant. After transfecting HEK293T with the minigene plasmids inserting c.1638+7T>C fragment, the total RNA was extracted and then transcribed to cDNA. Subsequently, agarose gel electrophoresis was performed using RT-PCR products. We found that the E14-WT yielded two transcripts and c.1638+7T>C yielded one. The product sequencing revealed that there were 404 bp (SD6+E14+SA2) and 263 bp (SD6+SA2) amplicons, and the difference in size is whether the fragment contained exon 14. This suggests that the c.1638+7T>C is a splicing variant that potentially causes the skipping of exon 14 (SD6+SA2) (Figure 2B). As shown in Figure 2C, the amount of exon 14-skipping transcripts of c.1638+7T>C was significantly increased compared to that of E14-WT (32.8 vs. 97.5%, respectively). To validate whether the transcriptional alteration also occurs in other types of cells, we evaluated the effect of the c.1638+7T>C variant in different tissue (Hela as cervical cells, A549 as pneumonocytes, and HepG2 as hepatocytes). The proportional changes of the exon exclusion in these three cell lines were similar to that in HEK293T (Supplementary Figure 1A). The percentage of exon 14 exclusion of c.1638+7T>C was significantly increased compared with E14-WT (72.9 vs. 98.6% in Hela cells, 5.8 vs. 96.3% in A549 cells, 80.1 vs. 97.4% in HepG2 cells, respectively) (Supplementary Figure 1B). Eventually, our minigene splice assay verified that the non-classic variant of c.1638+7T>C disturbed the normal splicing of TRPM6 mRNA, which was a pathogenic effect.
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FIGURE 2. The pSPL3 minigene assay in vitro for the splicing variant c.1638+7T>C. (A) PCR fragments were, respectively, cloned into the XhoI and BamHI sites of the pSPL3 vector (9). The vector mainly produces two transcripts, wildtype composed of exon SD6, an inserted exon14 and exon SA2 (404 bp), and mutant composed only of exon SD6 and SA2 (263 bp). (B) Electrophoresis and sequencing of RT-PCR products of minigene transcripts in HEK293 cells. Lane 1: marker; Lane 2: pSPL3 (263 bp); Lane 3: E14-WT (404 and 263 bp); Lane 4: c.1638+7T>C (404 bp and 263 bp). The cDNA was directly sequenced and indicated that the lower fragment lacked a sequence corresponding to exon 14. (C) Quantification of the splicing percentage in HEK293 was calculated on a molar basis as the percentage of exclusion (%) = (lower band/[lower band + upper band]) × 100. Error bars showed SEM (N = 3). **p < 0.01.





DISCUSSION

In this study, we identified compound heterozygous variants in the TRPM6 gene [c.1638+7T>C and c.545_669 del (Ex6 del)] as the cause of HSH in a young female patient from China, including hypomagnesemia and secondary hypocalcemia associated with neurological symptoms such as restlessness, tremors, muscle spasms, tetany, and generalized convulsion.

HSH is a rare autosomal recessive disease that leads to electrolyte abnormalities soon after birth (10). More than 50 TRPM6 mutations contributing to HSH have been reported (11), and only several sporadic cases have been reported in HSH in China (5, 12). TRPM6 gene comprises 39 exons and encodes a channel protein containing 2,022 amino acids in humans (13). The c.545_669 del (Ex6 del) variant caused exon6 deletion in the TRPM6 gene leads to a premature stop codon at 191 amino acids (p.(R191*)) and is subject to degradation by nonsense-mediated RNA decay (NMD) by prediction, which could be causes degradation of TRPM6 mRNA transcripts.

In previous studies, TRPM6 may share structural homology with other TRP channels (14). It is composed of six transmembrane segments, N-terminal and C-terminal domains (15). Our minigene assay indicated that the c.1638+7T>C variant from this subject and her mother caused exon 14 skippings, which would produce the loss of 47 amino acids (codons 1497-1638) and eventually cause a truncated version of the TRPM6 gene (16). Thus, we upgraded this variant (PM2+PS3) and the c.1638+7T>C variant to likely pathogenic variants, accounting for the proband's HSH. A recent study demonstrated that altering the splice donor site in intron 8 causes N-terminal truncation, which may cause disruption upstream of the TRP domain (17). Note that the transfection of the TRPM6 mutant found in patients with HSH yielded no detectable currents compared with non-transfected controls, which indicates that the mutant protein has no ion channel function (18).

The primary presentation of HSH was initially reported to manifest as generalized seizures (96%) (19). At the time, serum magnesium was measured in the majority of cases. However, hypomagnesemia was not always considered the primary cause of clinical symptoms or was misinterpreted as a transient symptom. Thus, patients with HSH were administered intravenous calcium for general treatment, which unfortunately resulted in the recurrence of clinical symptoms later in life. Since traditional convulsive medications are ineffective for HSH convulsions, convulsions may be fatal or lead to chronic irreversible neurological complications if not diagnosed early or if the appropriate drug treatment is not performed immediately (20). The proband observed in our clinic predominantly showed seizures and had similar laboratory values for serum magnesium and calcium as noted in previous studies (21). This is an infrequent clinical report of HSH, for this proband had not received regular treatment for ~12 years. Although her blood magnesium content did not reach a healthy level after taking oral magnesium and calcium salt daily, her convulsions were promptly controlled and her life returned to normal. The limitation of this study is that we did not diagnose the disease at an early age, and the follow-up period was quite short. Further understanding of the molecular basis of genetic magnesium homeostasis disorders may provide new insight and approaches to HSH diagnosis and therapy.



CONCLUSION

We supported that the compound heterozygous variants in TRPM6 are responsible for HSH in a girl from China. A non-classical splice variant c.1638+7T>C in the intron 14 disturbs the normal TRPM6 mRNA splicing, suggesting that the non-classical splice variant plays a critical role in HSH. This variant is essential for future effective genetic diagnosis. Accurate diagnosis of HSH and appropriate treatment are crucial to preventing irreversible neurological outcomes.



DATA AVAILABILITY STATEMENT

The datasets for this article are not publicly available due to concerns regarding participant/patient anonymity. Requests to access the datasets should be directed to the corresponding author.



ETHICS STATEMENT

Written informed consent was obtained from the minor(s)' legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

JS and JZ performed most of in vitro experiments and wrote the manuscript with the help of JG. JL and BZ collected the clinical data and performed the NGS analysis. AZ and WG conceived and designed the study. CW and JG contributed to the manuscript drafting and revision in agreement with all other authors. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by Grants from the National Natural Science Foundation of China (Grant No. 82100719) and the Natural Science Foundation of Jiangsu Province (Grant No. BK20210982).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2022.834241/full#supplementary-material



REFERENCES

 1. Paunier L, Radde IC, Kooh SW, Conen PE, Fraser D. Primary hypomagnesemia with secondary hypocalcemia in an infant. Pediatrics. (1968) 41:385–402.

 2. Shalev H, Phillip M, Galil A, Carmi R, Landau D. Clinical presentation and outcome in primary familial hypomagnesaemia. Arch Dis Child. (1998) 78:127–30. doi: 10.1136/adc.78.2.127

 3. Van Der Wijst J, Bindels RJM, Hoenderop JGJ. Mg2+ homeostasis: the balancing act of TRPM6. Curr Opin Nephrol Hypertension. (2014) 23:361–9. doi: 10.1097/01.mnh.0000447023.59346.ab

 4. Astor MC, Lovas K, Wolff AS, Nedrebo B, Bratland E, Steen-Johnsen J, et al. Hypomagnesemia and functional hypoparathyroidism due to novel mutations in the Mg-channel TRPM6. Endocr Connect. (2015) 4:215–22. doi: 10.1530/EC-15-0066

 5. Schlingmann KP, Sassen MC, Weber S, Pechmann U, Kusch K, Pelken L, et al. Novel TRPM6 mutations in 21 families with primary hypomagnesemia and secondary hypocalcemia. J Am Soc Nephrol. (2005) 16:3061–9. doi: 10.1681/ASN.2004110989

 6. Azim MK, Mehnaz A, Ahmed JZ, Mujtaba G. Exome sequencing identifies a novel frameshift variant causing hypomagnesemia with secondary hypocalcemia. CEN Case Rep. (2019) 8:42–7. doi: 10.1007/s13730-018-0362-x

 7. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and guidelines for the interpretation of sequence variants: a joint consensus recommendation of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet Med. (2015) 17:405–24. doi: 10.1038/gim.2015.30

 8. Wang C, Han Y, Zhou J, Zheng B, Zhou W, Bao H, et al. Splicing Characterization of CLCNKB variants in four patients with Type III Bartter Syndrome. Front Genet. (2020) 11:81. doi: 10.3389/fgene.2020.00081

 9. Yin J, Zhou J, Chen J, Xu T, Zhang Z, Zhang H, et al. Case report: a novel variant c.2262+3A>T of the SCN5A gene results in intron retention associated with incessant ventricular tachycardias. Front Med. (2021) 8:659119. doi: 10.3389/fmed.2021.659119

 10. Agrawal S, Desai MP. Primary hypomagnesemia with secondary hypocalcemia in an infant. Indian Pediatr. (2002) 39:296–9.

 11. Lainez S, Schlingmann KP, Van Der Wijst J, Dworniczak B, Van Zeeland F, Konrad M, et al. New TRPM6 missense mutations linked to hypomagnesemia with secondary hypocalcemia. Eur J Hum Genet. (2014) 22:497–504. doi: 10.1038/ejhg.2013.178

 12. Zhao Z, Pei Y, Huang X, Liu Y, Yang W, Sun J, et al. Novel TRPM6 mutations in familial hypomagnesemia with secondary hypocalcemia. Am J Nephrol. (2013) 37:541–8. doi: 10.1159/000350886

 13. Schlingmann KP, Waldegger S, Konrad M, Chubanov V, Gudermann T. TRPM6 and TRPM7–Gatekeepers of human magnesium metabolism. Biochim Biophys Acta. (2007) 1772:813–21. doi: 10.1016/j.bbadis.2007.03.009

 14. Van Der Wijst J, Blanchard MG, Woodroof HI, Macartney TJ, Gourlay R, Hoenderop JG, et al. Kinase and channel activity of TRPM6 are co-ordinated by a dimerization motif and pocket interaction. Biochem J. (2014) 460:165–75. doi: 10.1042/BJ20131639

 15. Zouharova M, Herman P, Hofbauerová K, Vondrasek J, Bousova K. TRPM6 N-terminal CaM- and S100A1-Binding domains. Int J Mol Sci. (2019) 20:4430. doi: 10.3390/ijms20184430

 16. Goda T, Komatsu H, Nozu K, Nakajima H. A pediatric case of hypomagnesemia 1 (HOMG1) caused by novel compound heterozygous mutations in TRPM6. Hum Genome Var. (2019) 6:13. doi: 10.1038/s41439-019-0043-0

 17. Walder RY, Landau D, Meyer P, Shalev H, Tsolia M, Borochowitz Z, et al. Mutation of TRPM6 causes familial hypomagnesemia with secondary hypocalcemia. Nat Genet. (2002) 31:171–4. doi: 10.1038/ng901

 18. Voets T, Nilius B, Hoefs S, van der Kemp AW, Droogmans G, Bindels RJ, et al. TRPM6 forms the Mg2+ influx channel involved in intestinal and renal Mg2+ absorption. J Biol Chem. (2004) 279:19–25. doi: 10.1074/jbc.M311201200

 19. Anast CS, Mohs JM, Kaplan SL, Burns TW. Evidence for parathyroid failure in magnesium deficiency. Science. (1972) 177:606–8. doi: 10.1126/science.177.4049.606

 20. Papez J, Starha J, Slaba K, Hubacek JA, Pecl J, Aulicka S, et al. Novel mutations in TRPM6 gene associated with primary hypomagnesemia with secondary hypocalcemia. Case Report. (2021) 165:454–7. doi: 10.5507/bp.2021.027

 21. Challa A, Papaefstathiou I, Lapatsanis D, Tsolas O. Primary idiopathic hypomagnesemia in two female siblings. Acta Paediatr. (1995) 84:1075–8. doi: 10.1111/j.1651-2227.1995.tb13830.x

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Song, Lei, Zhang, Zhang, Gan, Zheng, Wang and Gong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case Report: A Novel Non-Canonical Splice Site Variant (c.1638+7T>C) in TRPM6 Cause Primary Homagnesemia With Secondary Hocalcemia



		Introduction



		Materials and Methods



		Case Description



		Whole-Exome Sequencing



		Copy Number Variation Analysis



		Sanger Sequencing of the c.1638+7T>C Variant



		Plasmid Construction



		In vitro Splicing Assay



		Statistical Analysis







		Results



		Genetic Analysis



		Splicing Minigene Reporter Assay







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Case Report: A Novel Non-Canonical
Splice Site Variant (c.1638+7T>C)
in TRPM6 Cause Primary
Homagnesemia With Secondary
Hocalcemia





OPS/images/fped-10-834241-g001.gif
Foling change (2+-281)

S equsanm

15

Ciesatoq

casre

v
T

© preoms
rane





OPS/images/fped-10-834241-g002.gif
H

IEEEER
worsnaxo p1voxa %










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





