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ABSTRACT

Kyphoscoliotic Ehlers-Danlos syndrome (kEDS) is an autosomal recessive connective tissue 
disorder characterized by muscular hypotonia, hyperextensible skin, skin fragility, joint 
hypermobility, and progressive kyphoscoliosis. The disorder results from a deficiency of 
the enzyme collagen lysyl hydroxylase 1 due to mutations in the gene PLOD1. We describe 
the rare cases of kEDS in Korean siblings with two novel compound heterozygous variants, 
c.926_934del (p.Leu309_Leu311del) and c.2170_2172del (p.Phe724del) in the PLOD1 gene. 
They had congenital hypotonia, joint laxity, skin hyperextensibility, Marfanoid habitus, 
high myopia and atrophic scarring. The younger sibling had an early-onset progressive 
kyphoscoliosis, while the older sibling showed mild scoliosis during childhood. Intrafamilial 
variability of the clinical severity and age of kyphoscoliosis onset observed in our cases.
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INTRODUCTION

Kyphoscoliotic Ehlers-Danlos syndrome (kEDS) is an autosomal recessive connective 
tissue disorder characterized by early onset, progressive kyphoscoliosis, hypotonia, motor 
delay, hyperextensible skin, skin fragility, and joint hypermobility. Other features include 
microcornea, ocular and scleral fragility, Marfanoid habitus, atrophic scars on skin and 
arterial rupture.1 kEDS was initially defined at the biochemical level, on the basis of a 
family study in which two sisters had progressive scoliosis, joint laxity and recurrent joint 
dislocations, microcornea and ocular tissues fragility.2,3

The identified causes were collagen-modifying enzyme procollagen lysine, 2-oxoglutarate 
5-dioxygenase 1(PLOD1 or lysyl-hydroxylase 1) deficiency due mutations in PLOD1 and 
the designated kyphoscoliotic form of EDS.1,2 Lysyl hydroxylase deficiency results 
in underhydroxylation of collagen lysyl residues in -Xaa-Lys-Gly-collagen chains and 
underglycosylation of hydroxylysyl residues, thereby causing impaired collagen cross-linking 
with consequent mechanical instability of the affected connective tissues.4 Patients with 
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lysyl hydroxylase 1 deficiency have a markedly increased ratio of urinary lysyl-pyridinoline 
to hydroxylysyl-pyridinoline (LP/HP) due to underhydroxylation of collagen lysyl residues.5 
More than 40 different mutations in the PLOD1 gene have been identified in kEDS.6 The 
large duplication of exons 10–16 is the most common pathogenic mutation, and point 
mutations, insertions, deletions, and splicing-site mutations have been reported so far.6 
Recently, kEDS caused by biallelic mutations in FKBP14 have been identified.7 Patients with 
FKBP14-related kEDS display a clinically overlapping phenotype with PLOD1-related kEDS and 
are distinguished by the presence of myopathy, hearing loss, and normal lysyl hydroxylase 
enzyme activity.6

In infants with kEDS, severe hypotonia and joint laxity lead to delayed gross motor 
development. Thus, they are usually suspected as having other neuromuscular diseases, 
which delays a definite diagnosis of kEDS.8-10

We report the cases of two Korean siblings diagnosed as having kEDS with progressive 
kyphoscoliosis, hypotonia, joint hypermobility and skin hyperextensibility. These are the rare 
cases of kEDS with PLOD1 variants in Korea. Both siblings had two novel deletion variants in 
the PLOD1 gene.

CASE DESCRIPTION

On March 26, 2019, a 6-year-old girl, was referred to our department for genetic evaluation 
of progressive scoliosis. She was the second child of non-consanguineous Korean parents. 
She was born at 35+3 weeks of gestation by caesarean section because of oligohydroamnios. 
Her birth weight was 2.7 kg and length was 52 cm. After birth, she was found to have 
severe hypotonia with a lack of spontaneous hand movement and wrist drop, which both 
led to upper brachial plexus palsy. Mild kyphosis was also observed. She presented with 
hyperextensible velvety skin, and easy bruising. As classical Ehlers-Danlos syndrome 
(EDS) was suspected and she had an elder sister with hyperelastic and fragile skin, DNA 
analysis of the COL5A1 gene was performed with normal results. The severe hypotonia led to 
delayed motor development. While undergoing physiotherapy, she began standing without 
assistance in kyphotic posture at the age of 21 months and could walk without support at age 
3 years. On physical examination at age 6 years, her weight and height were 20 kg (25–50th 
percentile) and 116.8 cm (50–75th percentile), respectively. She presented with progressive 
kyphoscoliosis, pectus excavatum, protruding abdomen, long and slender fingers and 
pes planovalgus. She showed slightly dysmorphic features including a prominent high 
forehead, malar hypoplasia, depressed nasal bridges, low set and prominent ears, minimal 
prognathism, and short philtrum. She had joint hypermobility (Beighton score 6/9), skin 
hyperelasticity, and multiple atrophic scars on the forehead, knees and back. She had high 
myopia and keratoconus. Her mother reported that she had ocular fragility and retinal 
detachment of the left eye after falling down on her face. A skeletal survey revealed thoracic 
spine dextroscoliosis with kyphotic accentuation in the thoracolumbar junction and both pes 
planus and genu varum (Fig. 1A and B). Echocardiography revealed no pathological findings. 
She is currently wearing an orthopedic brace for scoliosis. At age 6 years 8 months, she could 
walk unsupported and jump, and, go up the stairs with support. Her intelligence was normal.

A 9-year-old girl, the older sibling of previous patient, was the first child of 
nonconsanguineous Korean parents. She was born at 40 weeks of gestation by vaginal 
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delivery. Her birth weight was 2.4 kg. At birth, she had intraventricular and intraparenchymal 
hemorrhage. She had hyperelastic and fragile skin, easily bruisable skin, and generalized 
hypermobile joints (Beighton score 6/9). She had high myopia and keratoconus. Her parents 
reported that she was suspected of having Marfan syndrome due to Marfanoid habitus in 
infancy. She often fell, which resulted in frequent subluxations of the shoulders and had 
easily bruisable skin by minor trauma. She was found with marked hypotonia and delayed 
motor development. She had left hemiparesis due to neonatal intracranial hemorrhage. 
However, no striking kyphoscoliosis was observed until recently. On physical examination at 
age 9 years, her height was 143.2 cm (90th percentile) and weight was 48 kg (97th percentile). 
She showed mild dysmorphic features such as a prominent high forehead, a broad nose, 
a depressed nasal bridge, low set and prominent ears, and a malar hypoplasia. Multiple 
atrophic scars were found on the forehead, lower back and knees. Skeletal radiographs 
revealed a mild scoliosis on thoracolumbar spine and both pes planus (Fig. 1C). The 
echocardiography findings were normal. The bone density was within the normal ranges. 
Brain magnetic resonance imaging revealed several oval-shaped high signal lesions in 
the bilateral periventricular white matter, which suggested sequelae of the periventricular 
leukomalacia. Currently, she has delayed motor and cognitive development. She walks with 
support and uses a wheelchair at school.

Based on the clinical signs, hereditary connective tissue disorder was suspected. Next-
generation sequencing using a targeted panel of 30 genes (ACTA2, ADAMTS10, ADAMTSL4, 
ATP6V0A2, B4GALT7, CBS, CHST14, COL11A1, COL1A1, COL1A2, COL2A1, COL3A1, COL5A1, 
COL5A2, COL9A1, COL9A2, ELN, FBLN5, FBN1, FBN2, MYH11, PLOD1, PYCR1, RIN2, SKI, SMAD3, 
TGFB2, TGFB3, TGFBR1, and TGFBR2) for connective tissue disorders was performed. Genomic 
DNA was extracted from the peripheral blood of the patient. Library preparation and target 
enrichment were performed by hybridization capture and massively parallel sequencing 
was done on the Illumina MiSeqDX (Illuina Inc., San Diego, CA, USA) generating 2 × 150 bp 
paired-end reads. Sequence reads were aligned to hg19 with Burrow-Wheeler Aligner (version 
0.7.10, MEM algorithm). Duplicate reads were removed by using Picard (version 1.138). 
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Fig. 1. Radiologic findings of spine. (A) Spine X-ray of younger sibling showing mild scoliosis at age the age of 5 months and (B) progressive kyphoscoliosis at age 
6 years. (C) Spine X-ray of older sibling showing mild scoliosis at age 9 years.
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Local alignment, base quality recalibration, and variant calling was performed with Genome 
Analysis Tool kit (GATK version 3.5), samtools (version 0.1.19), FreeBayes (version 0.9.21-26-
gbfd9832), and Scalpel (version 0.53). Variants were annotated by Variant Effect Predictor and 
dbNSFP. Common variants were removed with minor allele frequencies ≥1%, according to 
population databases. The average coverage depth was 230×, and 99.8% of the target bases 
were covered by more than 10× sequence reads. Two novel variants that were not previously 
reported in kEDS were identified in PLOD1. The PLOD1 variants were identified in the 
compound heterozygous state in the two siblings and were validated by Sanger sequencing. 
Sanger sequencing of their parents revealed that c.926_934del was inherited from the father, 
resulting in an in-frame deletion of three amino acids leucine-arginine-leucine (p.Leu309_
Leu311del). The c.2170_2172del was inherited from the mother, resulting in in-frame deletion 
of one amino acid phenylalanine (p.Phe724del) (Fig. 2).

This study was approved by the Institutional Review Board of Soonchunhyang University 
Bucheon Hospital (SCHBC 2020-02-005). The patient's parents provided written informed 
consent for publication of patient information.
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Fig. 2. Pedigree and Molecular analyses. (A) Pedigree in the Korean family with kyphoscoliotic Ehlers-Danlos syndrome. (B) Integrative Genomics Viewer 
snapshot of two novel PLOD1 variants. (C, D) Sanger sequencing confirmation of c.923_934del, inherited from their father (I:1), and c.2170_2172del, inherited 
from their mother (I:2).
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DISCUSSION

The diagnostic criteria for kEDS were described in the Villefranche criteria in 19981 and 
revised in 2017.11 The major criteria include congenital muscle hypotonia, congenital or early 
onset kyphoscoliosis (progressive or non-progressive) and generalized joint hypermobility 
with dislocations/subluxations (shoulders, hips, and knees in particular). All of our patients 
met three major criteria and seven minor criteria (Table 1). Moreover, younger sister 
presented with scleral and ocular fragility, which were rarely reported.3,6

Congenital or early-onset kyphoscoliosis is one of the hallmarks of kEDS. However, some 
patients with kEDS may develop kyphoscoliosis later in life.4,12 Without early-onset scoliosis, 
patients with kEDS may be misdiagnosed as having classical EDS or neuromuscular disorder. 
In our case, the older sibling who had no congenital or early-onset kyphoscoliosis was 
thought to have delayed motor development because of intracranial hemorrhage before she 
was diagnosed as having kEDS. Therefore, if a patient with hypotonia is suspected of having 
classical EDS but has no COL5A1/2 mutations, the molecular analysis of the PLOD1 gene 
may be necessary.12 In older sibling, radiographs of the thoracolumbar spine at age 9 years 
revealed a slight scoliosis, whereas the younger sibling showed kyphoscoliosis in infancy. 
Only older sibling showed recurrent shoulder joint subluxation. The intrafamilial variation 
in our case was also observed as previously reported.13 The intrafamilial and interfamilial 
variabilities of clinical severity and age of onset of kyphoscoliosis in patients with kEDS had 
no obvious correlation with the PLOD1 genotype.4,9

Several cases of antenatal or neonatal brain hemorrhage have been reported.4,9,10,14-16 The 
neonatal intracranial hemorrhage in older sibling is regarded as the clinical feature of kEDS, 
although we did not have detailed information about her birth record. In addition, she was 
thought to have delayed cognitive development because of intracranial hemorrhage caused by 
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Table 1. Clinical manifestations of two sisters with kEDS and comparison with revised criteria from 2017 
International EDS Classification11

Patients Younger sibling Older sibling
Major criteria

Congenital muscle hypotonia + +
Congenital or early onset kyphoscoliosis (progressive or non-
progressive)

+ +

Generalized joint hypermobility with dislocations/subluxations 
(shoulders, hips, and knees impairment)

+ +

Minor criteria
Skin hyperextensibility + +
Easy bruisable skin + +
Rupture/aneurysm of a medium-sized artery − +
Osteopenia/osteoporosis − −
Blue sclerae − −
Hernia (umbilical or inguinal) − −
Pectus deformity + +
Marfanoid habitus + +
Talipes equinovarus − −
Refractive errors (myopia, hypermetropia) + +
Skin fragility (easy bruising, friable skin, poor wound healing, widened 
atrophic scarring)

+ +

Scleral and ocular fragility/rupture + −
Microcornea − −
Facial dysmorphology + +

kEDS = Kyphoscoliotic Ehlers-Danlos syndrome, EDS = Ehlers-Danlos syndrome.
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birth injury. Vascular events such as aortic dilation/dissection and rupture of medium-sized 
arteries are the major life-threatening complications, and careful observation and control of 
blood pressure are necessary to prevent arterial rupture.17

The PLOD1 gene is located on chromosome 1p36.22, is approximately 40 kb in size, and 
consists of 19 exons.9,17 The most common mutations, an 8.9-kb intragenic duplication of 
seven exons (exons 10–16; c.1067_1846dup), is caused by an Alu-Alu recombination in introns 
9 and 16, and the allele frequency was 30% in the 42/139 mutations from 73 families.6,16,18 
The second most common pathogenic variant in PLOD1 is nonsense variant p.Arg319Ter 
and the third is p.Tyr511Ter.6 The majority of the others are point mutations, insertion, 
and deletions and splice site mutations. Two novel variants in PLOD1 were identified in our 
Korean cases. Two siblings had compound heterozygous variants, c.926_934del (p.Leu309_
Leu311del) and c.2170_2172del (p.Phe724del) in the PLOD1 gene and their parents were 
heterozygous carriers of the variants. These variants were not reported in several global 
human genome databases, including the 1,000 Genomes Project, ClinVar database or the 
Exome Aggregation Consortium (ExAC). These PLOD1 variants in the present cases are 
possibly causative for kEDS for the following reasons: First, in-frame deletions in non-repeat 
regions result in mutant protein sequences differed from the wild-type with the deletion of 
one or more amino acid residues, which are considered one of the evidences of pathogenicity. 
The novel p.Phe724del variant is located in a highly conserved region of oxoglutarate/
iron-dependent dioxygenase, prolyl-4-hydroxylase, alpha subunit and the novel p.Leu309_
Leu311del variant is in nucleotide-diphospho-sugar transferase domain. These variants can 
lead to deficiency in lysyl hydroxylation result in kEDS.19 Second, considering that kEDS is an 
inherited autosomal recessive trait, the identified compound heterozygous variants inherited 
from each parent could be regarded as the patient’s cause of the disorder.

In conclusion, this is the first reported case of siblings with kEDS who had PLOD1 
variants in Korea. We identified two novel variants in the PLOD1 gene. kEDS with PLOD1 
mutations should be considered in patients with hypotonia, progressive kyphoscoliosis, 
joint hypermobility and skin fragility. This will help reduce the incidence of unnecessary 
neuromuscular work-up and increase the early detection rate.

REFERENCES

	 1.	 Beighton P, De Paepe A, Steinmann B, Tsipouras P, Wenstrup RJ; Ehlers-Danlos National Foundation 
(USA) and Ehlers-Danlos Support Group (UK). Ehlers-Danlos syndromes: revised nosology, Villefranche, 
1997. Am J Med Genet 1998;77(1):31-7. 
PUBMED | CROSSREF

	 2.	 Krane SM, Pinnell SR, Erbe RW. Lysyl-protocollagen hydroxylase deficiency in fibroblasts from siblings 
with hydroxylysine-deficient collagen. Proc Natl Acad Sci U S A 1972;69(10):2899-903. 
PUBMED | CROSSREF

	 3.	 Pinnell SR, Krane SM, Kenzora JE, Glimcher MJ. A heritable disorder of connective tissue. Hydroxylysine-
deficient collagen disease. N Engl J Med 1972;286(19):1013-20. 
PUBMED | CROSSREF

	 4.	 Rohrbach M, Vandersteen A, Yiş U, Serdaroglu G, Ataman E, Chopra M, et al. Phenotypic variability 
of the kyphoscoliotic type of Ehlers-Danlos syndrome (EDS VIA): clinical, molecular and biochemical 
delineation. Orphanet J Rare Dis 2011;6(1):46. 
PUBMED | CROSSREF

	 5.	 Steinmann B, Eyre DR, Shao P. Urinary pyridinoline cross-links in Ehlers-Danlos syndrome type VI. Am J 
Hum Genet 1995;57(6):1505-8.
PUBMED

6/7https://jkms.org https://doi.org/10.3346/jkms.2020.35.e96

PLOD1-Related Kyphoscoliotic Ehlers-Danlos Syndrome in a Korean Family

http://www.ncbi.nlm.nih.gov/pubmed/9557891
https://doi.org/10.1002/(SICI)1096-8628(19980428)77:1<31::AID-AJMG8>3.0.CO;2-O
http://www.ncbi.nlm.nih.gov/pubmed/4342967
https://doi.org/10.1073/pnas.69.10.2899
http://www.ncbi.nlm.nih.gov/pubmed/5016372
https://doi.org/10.1056/NEJM197205112861901
http://www.ncbi.nlm.nih.gov/pubmed/21699693
https://doi.org/10.1186/1750-1172-6-46
http://www.ncbi.nlm.nih.gov/pubmed/8533783
https://jkms.org


	 6.	 Brady AF, Demirdas S, Fournel-Gigleux S, Ghali N, Giunta C, Kapferer-Seebacher I, et al. The Ehlers-
Danlos syndromes, rare types. Am J Med Genet C Semin Med Genet 2017;175(1):70-115. 
PUBMED | CROSSREF

	 7.	 Baumann M, Giunta C, Krabichler B, Rüschendorf F, Zoppi N, Colombi M, et al. Mutations in FKBP14 
cause a variant of Ehlers-Danlos syndrome with progressive kyphoscoliosis, myopathy, and hearing loss. 
Am J Hum Genet 2012;90(2):201-16. 
PUBMED | CROSSREF

	 8.	 Yiş U, Dirik E, Chambaz C, Steinmann B, Giunta C. Differential diagnosis of muscular hypotonia in 
infants: the kyphoscoliotic type of Ehlers-Danlos syndrome (EDS VI). Neuromuscul Disord 2008;18(3):210-4. 
PUBMED | CROSSREF

	 9.	 Giunta C, Randolph A, Al-Gazali LI, Brunner HG, Kraenzlin ME, Steinmann B. Nevo syndrome is allelic to 
the kyphoscoliotic type of the Ehlers-Danlos syndrome (EDS VIA). Am J Med Genet A 2005;133A(2):158-64. 
PUBMED | CROSSREF

	10.	 Tosun A, Kurtgoz S, Dursun S, Bozkurt G. A case of Ehlers-Danlos syndrome type VIA with a novel PLOD1 
gene mutation. Pediatr Neurol 2014;51(4):566-9. 
PUBMED | CROSSREF

	11.	 Malfait F, Francomano C, Byers P, Belmont J, Berglund B, Black J, et al. The 2017 international 
classification of the Ehlers-Danlos syndromes. Am J Med Genet C Semin Med Genet 2017;175(1):8-26. 
PUBMED | CROSSREF

	12.	 van Dijk FS, Mancini GM, Maugeri A, Cobben JM. Ehlers Danlos syndrome, kyphoscoliotic type due to 
Lysyl Hydroxylase 1 deficiency in two children without congenital or early onset kyphoscoliosis. Eur J Med 
Genet 2017;60(10):536-40. 
PUBMED | CROSSREF

	13.	 Hyland J, Ala-Kokko L, Royce P, Steinmann B, Kivirikko KI, Myllylä R. A homozygous stop codon in the 
lysyl hydroxylase gene in two siblings with Ehlers-Danlos syndrome type VI. Nat Genet 1992;2(3):228-31. 
PUBMED | CROSSREF

	14.	 Yeowell HN, Walker LC. Ehlers-Danlos syndrome type VI results from a nonsense mutation and a 
splice site-mediated exon-skipping mutation in the lysyl hydroxylase gene. Proc Assoc Am Physicians 
1997;109(4):383-96.
PUBMED

	15.	 Yeowell HN, Allen JD, Walker LC, Overstreet MA, Murad S, Thai SF. Deletion of cysteine 369 in lysyl 
hydroxylase 1 eliminates enzyme activity and causes Ehlers-Danlos syndrome type VI. Matrix Biol 
2000;19(1):37-46. 
PUBMED | CROSSREF

	16.	 Yeowell HN, Walker LC, Neumann LM. An Ehlers-Danlos syndrome type VIA patient with cystic 
malformations of the meninges. Eur J Dermatol 2005;15(5):353-8.
PUBMED

	17.	 Yeowell HN, Steinmann B. PLOD1-related Kyphoscoliotic Ehlers-Danlos syndrome. In: Adam MP, 
Ardinger HH, Pagon RA, Wallace SE, Bean LJH, Stephens K, et al., editors. GeneReviews® [Internet]. 
Seattle (WA): University of Washington, Seattle; 1993-2020.

	18.	 Pousi B, Hautala T, Heikkinen J, Pajunen L, Kivirikko KI, Myllylä R. Alu-Alu recombination results in a 
duplication of seven exons in the lysyl hydroxylase gene in a patient with the type VI variant of Ehlers-
Danlos syndrome. Am J Hum Genet 1994;55(5):899-906.
PUBMED

	19.	 Loenarz C, Schofield CJ. Physiological and biochemical aspects of hydroxylations and demethylations 
catalyzed by human 2-oxoglutarate oxygenases. Trends Biochem Sci 2011;36(1):7-18. 
PUBMED | CROSSREF

7/7https://jkms.org https://doi.org/10.3346/jkms.2020.35.e96

PLOD1-Related Kyphoscoliotic Ehlers-Danlos Syndrome in a Korean Family

http://www.ncbi.nlm.nih.gov/pubmed/28306225
https://doi.org/10.1002/ajmg.c.31550
http://www.ncbi.nlm.nih.gov/pubmed/22265013
https://doi.org/10.1016/j.ajhg.2011.12.004
http://www.ncbi.nlm.nih.gov/pubmed/18155911
https://doi.org/10.1016/j.nmd.2007.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15666309
https://doi.org/10.1002/ajmg.a.30529
http://www.ncbi.nlm.nih.gov/pubmed/25266621
https://doi.org/10.1016/j.pediatrneurol.2014.06.020
http://www.ncbi.nlm.nih.gov/pubmed/28306229
https://doi.org/10.1002/ajmg.c.31552
http://www.ncbi.nlm.nih.gov/pubmed/28757364
https://doi.org/10.1016/j.ejmg.2017.07.011
http://www.ncbi.nlm.nih.gov/pubmed/1345174
https://doi.org/10.1038/ng1192-228
http://www.ncbi.nlm.nih.gov/pubmed/9220536
http://www.ncbi.nlm.nih.gov/pubmed/10686424
https://doi.org/10.1016/S0945-053X(99)00055-4
http://www.ncbi.nlm.nih.gov/pubmed/16172044
http://www.ncbi.nlm.nih.gov/pubmed/7977351
http://www.ncbi.nlm.nih.gov/pubmed/20728359
https://doi.org/10.1016/j.tibs.2010.07.002
https://jkms.org

	Rare Cases of PLOD1-Related Kyphoscoliotic Ehlers-Danlos Syndrome in a Korean Family Identified by Next Generation Sequencing
	INTRODUCTION
	CASE DESCRIPTION
	DISCUSSION
	REFERENCES


