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Abstract

Dominant mutations in TRPV4, which encodes the Transient Receptor Potential Cation Channel 

Subfamily V Member 4 calcium channel, result in a series of musculoskeletal disorders that 

include a set of peripheral neuropathies and a broad phenotypic spectrum of skeletal dysplasias. 

The skeletal pheno-types range from brachyolmia, in which there is scoliosis with mild short 

stature, through perinatal lethal metatropic dysplasia. We describe a case with phenotypic findings 

consistent with metatropic dysplasia, but in whom no TRPV4 mutation was detected by Sanger 

sequence analysis. Exome sequence analysis identified a known lethal metatropic dysplasia 

mutation, TRPV4L618P, which was present at lower frequency than would be expected for a 
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heterozygous change. The affected individual was shown to be a somatic mosaic for the mutation, 

providing an explanation for the milder than expected phenotype. The data illustrate that high-

throughput sequencing of genomic DNA can facilitate detection of mosaicism with higher 

sensitivity than Sanger sequence analysis and identify a new genetic mechanism for metatropic 

dysplasia.
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INTRODUCTION

Gain-of-function mutations in TRPV4, which encodes the Transient Receptor Potential 

Cation Channel Subfamily V Member 4 calcium channel, result in a series of 

musculoskeletal disorders that include a related set of peripheral neuropathies [Auer-

Grumbach et al., 2010; Deng et al., 2010; Landoure et al., 2010] and a broad phenotypic 

spectrum of skeletal dysplasias [Schindler et al., 2014]. Among the skeletal disorders, 

autosomal dominant brachyolmia is at the mild end of the TRPV4 spectrum and is 

characterized by relatively mild short stature and scoliosis, with or without involvement of 

the appendicular skeleton [Rock et al., 2008]. More severe mutations result in 

spondylometaphyseal dysplasia, Kozlowski-type, presenting with marked platyspondyly, 

kyphoscoliosis, a flattened acetabular roof, and shortened long bones with epiphyseal and 

metaphyseal irregularity. The most severe mutations lead to metatropic dysplasia [Krakow et 

al., 2009], and lethal metatropic dysplasia [Camacho et al., 2010], with short stature 

involving the spine and long bones, and severe, progressive scoliosis. Radio-graphically, 

there is platyspondyly that is characterized by with a wafer-thin appearance to the vertebrae, 

shortened long bones with flared metaphyses, often resulting in a “dumbbell” appearance, 

and an irregular superior iliac mineralization pattern. Lethal metatropic dysplasia is 

differentiated by increased severity of the phenotype, leading to perinatal mortality. Here we 

report here a case of non-lethal metatropic dysplasia due to somatic mosaicism for a known 

lethal metatropic dysplasia TRPV4 mutation.

CLINICAL REPORT

The proband (International Skeletal Dysplasia Registry reference number R09-440A) was 

born to non-consanguineous parents (R09-440B and C) with no family history of skeletal 

disorders. The skeletal dysplasia was recognized at birth and radiographs taken at that time 

revealed odontoid hypoplasia, platyspondyly with anterior rounding, shortened long bones 

with a clubbed appearance, and flattened acetabular roofs. An MRI taken at 5 months of age 

revealed pronounced dextroscoliosis and kyphosis of the lumbosacral spine.

Clinical examination at 22 months of age revealed midface hypoplasia with frontal bossing 

and protuberant knees. Radiographic findings of the spine again showed flat, anteriorly 

rounded vertebral bodies, and scoliosis (Fig. 1A, B). There was significant metaphyseal 

widening of the long bones of the upper (Fig 1C) and lower (Fig 1D) extremities, halberd-
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shaped proximal femurs, wide ilia, and hypoplastic acetabular roofs. The epiphyses were flat 

and quite hypoplastic throughout and the phalanges were short and widened.

The clinical and radiographic findings were most consistent with a diagnosis of non-lethal 

metatropic dysplasia, but non-lethal fibrochondrogenesis [Tompson et al., 2010] and Kniest 

dysplasia [Siggers et al., 1974; Winterpacht et al., 1993] were considered to be secondary 

diagnostic possibilities. However, Sanger sequence analysis was negative for mutations in all 

of the coding exons of TRPV4, COL11A1, COL11A2, and COL2A1, the genes associated 

with the aforementioned phenotypes. Consequently, exome sequencing was carried out for 

the proband and parents, with an average coverage depth of 48. Analysis of the exome 

sequence was carried out using the standard Genome Analysis Toolkit [GATK, 2016] 

pipeline, modified by the use of the Exome Aggregation Consortium [ExAC, 2016] dataset 

for variant quality score recalibration. This analysis identified a point mutationin TRPV4 
exon 12 which implied a leucine to proline change at residue 618 (p.L618P) in 16 out of 71 

reads. The parental exomes were negative for the mutation, consistent with a de novo 

change. Heterozygosity for the mutation had previously been observed in a case of lethal 

metatropic dysplasia [Camacho et al., 2010]. The low frequency of reads with the mutation, 

combined with the decreased phenotypic severity, suggested that the affected individual 

might be a somatic mosaic for the variant.

The p.L618P mutation created a BsrBI restriction endonuclease cleavage site so presence of 

the mutant allele in DNA from the proband was confirmed by PCR amplification TRPV4 
exon 12 followed by cleavage with BsrBI (New England Biolabs). The primer sequences 

used for PCR were 5′-CACACTTATGCACCTGCAGACC-3′ and 5′-

CCTATACATCATGGCTACTGTTCC-3′. As expected, the parental DNAs did not contain 

the BsrBI site, confirming that the mutation had occurred de novo (Fig. 2A).

To independently measure the level of the mutant allele in proband DNA, a standard curve 

was constructed by serial dilution of DNA from the lethal metatropic dysplasia case known 

to be heterozygous for the TRPV4 p.L618P mutation with DNA from an unaffected 

individual, to mimic different levels of mosaicism. Following PCR amplification and BsrBI 

cleavage, the intensity of the cleavage products in the dilution series were compared with 

proband sample (image analysis conducted using ImageJ, imagej.nih.gov). These data (Fig. 

2B) showed that about 15% of the alleles contained the mutation, implying that about 30% 

of the cells in the affected individual would be expected to be heterozygous for the p.L618P 

allele.

DISCUSSION

In this report we describe a case of non-lethal metatropic dysplasia resulting from somatic 

mosaicism for a lethal metatropic dysplasia TRPV4 mutation. Lethal metatropic dysplasia, 

including the case heterozygous for the p.L618P mutation found in the mosaic case 

described here [Camacho et al., 2010], presents with severe platyspondyly with wafer-thin 

mineralization of the vertebrae, dramatically shortened long bones with very short 

diaphyses, widened metaphyses, and enlarged epiphyses. The appendicular skeleton of the 

p.L618P mosaic case was much milder and more characteristic of non-lethal metatropic 
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dysplasia. The vertebral bodies, while exhibiting platyspondyly, were atypical for either non-

lethal or lethal metatropic dysplasia, exhibiting a higher vertebral height. Thus the milder 

clinical and radiographic presentation in the affected individual likely reflects somatic 

mosaicism among chondrocytes. However, the level of mosaicism in the target tissue could 

not be assessed because a cartilage sample was not available.

Somatic mosaicism resulting in a milder manifestation of a more severe genetic disorder has 

been previously documented for several dominantly inherited skeletal dysplasias [Cohn et 

al., 1990; Wallis et al., 1990; Takagi et al., 2012] and calcium channel disorders [Etheridge 

et al., 2011]. For the mosaic TRPV4 case described herein, because mosaicism was detected 

in blood and implied in cartilage, the mutational event must have occurred very early in 

embryonic development in a somatic progenitor cell that at least gave rise to these two 

somatic tissues, but likely most other tissues as well. The non-lethal metatropic dysplasia 

phenotype in this case is consistent with a cell autonomous effect at the level of cartilage 

tissue, with amelioration of the expected lethal phenotype due to the presence of wild-type 

cells. While the data demonstrate that post-zygotic mutations which result in a proportion of 

cells carrying the mutation can have phenotypic consequences, the level of mosaicism 

necessary for a TRPV4 mutation to produce a phenotypic effect is unknown, and is likely 

dependent on the level of TRPV4 activity that results from the specific mutation. Since 

levels of somatic mosaicism can vary significantly among tissues [Qin et al., 2016], it is not 

possible to extrapolate from the measured level of mosaicism in blood to other tissues, 

including cartilage, and no other tissues from the patient were available. Also unknown is 

whether the proportion of mutant cells in cartilage could vary due to selection in terms of 

either increased survival or proliferation of mutant versus wild-type cells conferred by the 

expression of activated TRPV4 [Camacho et al., 2010; Weinstein et al., 2014].

An important clinical implication of our findings is that Sanger sequence analysis of 

candidate genes in dominant disorders cannot unequivocally rule out presence of a mutation 

in all instances, as low-level mosaicism would fall below the detection threshold [Qin et al., 

2016]. High-throughput sequencing approaches with high depth of coverage could rule out 

such false negatives, but settings for automatic variant calling programs may need to be 

adjusted so that mutations present at the low levels present in mosaic individuals can be 

observed. In addition, the level of mosaicism detectable will also depend on the depth of 

coverage. In a clinical diagnostic setting, this could make identification of mosaic cases 

challenging. For somatic mosaics, genetic counseling can take into account the likelihood 

that these individuals are also mosaic in their germline [Campbell et al., 2014; Qin et al., 

2016], adjusting risk accordingly, and considering the possibility that their heterozygous 

offspring could manifest a more severe form of the disorder [Wallis et al., 1990]. In males, 

characterizing the presence and level of germline mosaicism could make such counseling 

more precise, a benefit not generally available for females. For sporadic cases of dominant 

genetic disorders, the possibility of parental somatic and germline mosaicism could be 

considered when evaluating cases and estimating recurrence risk [Cohn et al., 1990; Wallis 

et al., 1990; Campbell et al., 2014; Qin et al., 2016]. For the TRPV4 disorders in particular, 

the results of this study suggest that clinical evaluation of patients with musculoskeletal 

disorders similar to the peripheral neuropathies or skeletal dysplasias with scoliosis that have 
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been ascribed to the TRPV4 spectrum could consider whether the phenotypes might result 

from somatic mosaicism in the target tissues affected in these phenotypes.
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FIG. 1. 
Radiographs of the proband at age 22 months. (A and B) Lateral and anterior–posterior 

images of the spine. Platyspondyly with anterior rounding can be seen in both images with 

moderate scoliosis apparent in (B). (C) Upper extremity showing shortened long bones with 

wide metaphyses and short phalanges. (D) Lower extremities showing short long bones with 

widened metaphyses, halberd-shaped proximal femurs as well as the abnormal pelvis 

characteristic of metatropic dysplasia.
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FIG. 2. 
Somatic mosaicism for the TRPV4 mutation. (A) Ethidium bromide-stained 2% agarose gel 

showing BsrBI-cleaved PCR products containing TRPV4 exon 12. The p.L618P mutation 

created a BsrBI site which was detected in both the heterozygous lethal MD control, 

R09-035 and the mosaic proband, R09-440A, but not in DNA from the parents of the mosaic 

proband. (B) Measurement of the level of somatic mosaicism in the proband (triangle). The 

level of mosaicism was matched to a standard curve (data points represented by diamonds). 

Error bars represent standard error.
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