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Abstract Introduction Osteogenesis imperfecta (OI) is the most common monogenic inher-
ited skeletal dysplasia disorder. Mutations in the COL1A1/COL1A2 gene cause �85 to
90% of OI. Studies of cases have demonstrated thatmissensemutations are the primary
cause of OI, with poor prognosis.
Case Description We report the case of a fetus with skeletal abnormalities and
subcutaneous edema. Ultrasound imaging revealed suspected skeletal malformations,
including hypoplastic long bones of all four limbs, poorly ossified calvarium, unreveal-
ing nasal bones, and generalized subcutaneous edema. Whole-exome sequencing
revealed a heterozygousmutation in COL1A1 (c.2174G> T/p.(G725V), NM_000088.3).
According to the American College of Medical Genetics and Genomics guidelines, it
was determined to be a pathogenic variant and identified as a de novo variant
(PS2þ PP3_strongþ PM2_supporting), which has not been reported in the HGMD,
gnomAD, ClinVar, or other databases. This variation causes a glycine-to-valine substi-
tution at position 725, located within the Gly-Xaa-Yaa repeat in the helical domain of
the collagen molecule.
Conclusion The COL1A1mutation (c.2174G> T/p.(G725V), NM_000088.3) is a novel
pathogenic variant of severe OI. Our study expanded the OI COL1A1 gene variation
profiles in the Chinese population and provided a theoretical foundation for prenatal
diagnosis, genetic counseling, and obstetric management.

received
June 13, 2024
accepted
August 4, 2024
accepted manuscript online
August 14, 2024

DOI https://doi.org/
10.1055/a-2388-3190.
ISSN 2157-6998.

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Medical Publishers, Inc., 333 Seventh Avenue, 18th Floor,
New York, NY 10001, USA

THIEME

Case Reports e215

Accepted Manuscript online: 2024-08-14   Article published online: 2024-09-12

https://orcid.org/0000-0002-3056-6617
mailto:wxt65@vip.163.com
https://doi.org/10.1055/a-2388-3190
https://doi.org/10.1055/a-2388-3190


As one of the most common congenital disorders, fetal
skeletal dysplasia is characterized by genetic and phenotypic
heterogeneity, making it difficult to differentiate between
these diseases on ultrasound.1 Osteogenesis imperfecta (OI)
is themost prevalent monogenic inherited skeletal dysplasia
disease. It is predominantly autosomal dominant, but a few
autosomal recessive cases have been reported, and it is rarely
attributed to X-linked inheritance.2 The incidence of OI
ranges from�1:15,000 to 1:20,000 births.3 The main clinical
manifestations of OI include short stature, skeletal anoma-
lies, increased skeletal fragility, multiple fractures, other
skeletal system pathologies, and extraskeletal manifesta-
tions such as dentinogenesis imperfecta, malocclusion, pul-
monary dysfunction, and hearing impairment.4 In 1979,
Sillence et al initially categorized OI into four types, I to IV,
based on patients’ phenotypic characteristics and severity. In
2019, the Chinese guidelines for rare disease diagnosis and
treatment further classified it into five types, I to V. Among
them, type II OI is fatal, and the phenotype is the most
serious, with patients usually succumbing in the perinatal
period, and there is no efficacious treatment for live births.5,6

For fetuses with potential OI suggested by ultrasound, ge-
netic testing to ascertain the etiology and prenatal interven-
tion are optimal prevention and management strategies,
respectively. In this study, we conducted whole-exome se-
quencing (WES) of the fetus, referring to prenatal ultrasound
suggestive of OI, with normal copy number variation se-
quencing (CNV-seq) and classic karyotype. To validate the
disease-associated candidate variant sites detected by WES,
Sanger sequencing was used to elucidate the fetal genetic
etiology and provide a basis for prenatal intervention, genet-
ic counseling, and risk assessment of fertility in the family.
Following the CARE reporting checklist, we present the
following case.

Case Presentation

A 24-year-old Chinese Han primigravidawas found to carry a
fetus with suspected skeletal dysplasia, which prompted our
attention. No abnormalities were observed in the first tri-
mester, and the couple did not have a history of radiation
substance exposure or medication use, as claimed by the
couple of primigravida. Additionally, the couple was previ-
ously healthy and did not have a family history of skeletal
dysplasia or consanguineous marriage. During the routine
checkup in the second trimester, other prenatal examina-
tions did not reveal any abnormalities. However, ultrasound
imaging at 18 weeks of gestation revealed suspected skeletal
malformations, including hypoplastic long bones of all four
limbs, poorly ossified calvarium, unrevealing nasal bones,
andgeneralized subcutaneous edema (►Fig. 1). Details of the
suspected fetuses are shown in ►Table 1. Subsequently,
diagnostic screening was conducted by collecting amniotic
fluid from fetal parents and peripheral blood samples.

After obtaining consent from the couple, we received a 20-
mL sample of amniotic fluid via amniocentesis at 18 weeks of
gestation. The amniotic fluid sample obtained was aliquoted
into two tubes. One tube was utilized for chromosome karyo-

type analysis, and the other tube (QIAampDNABloodMini Kit
produced by German company Qiagen) was used to extract
genomic DNA for CNV-seq and Trio-WES; 2-mL samples of
each spouse’s peripheral blood were collected to extract
genomicDNA(Magnetic BloodGenomicDNAKit fromTiangen
Biochemical Technology Company) for Trio-WES.

Karyotype analysis revealed no abnormalities in the chro-
mosome number or structure (►Fig. 2A). CNV-seq analysis
did not reveal any chromosome aneuploidy or CNVs in the
genome, with definite pathogenicity of more than 100 kb
(►Fig. 2B). We identified a heterozygousmutation of COL1A1
(c.2174G> T/p.(G725V), NM_000088.3), which were not
present in either parent. Sanger sequencing corroborated
the sequencing results for the whole exon group (►Fig. 2),
and this variation was confirmed to be a de novo variation
through sequencing of the parental samples.

The mutation was deemed pathogenic based on multiple
in silico predictions of variant pathogenicity (►Table 2), with
a Rare Exome Variant Ensemble Learner (REVEL) software
prediction score of 0.997. This variation was absent from the
ESP6500, ExAC, and 1000 Genome databases. Following the
American College ofMedical Genetics and Genomics (ACMG)
guidelines, the variation was pathogenic (PS2þPP3_strong
þPM2_supporting). This mutation was not present in
HGMD, gnomAD, ClinVar, or other databases, indicating
that it was a novel mutation site.

Collagen type 1 (Col1) is the principal connective tissue
that forms the body’s skeleton, sclere, skin, and teeth. Colla-
gen type 1 is a protein composed of α 1 and α 2 chains. We
used Uniport (https://www.uniprot.org/) to process protein
conservation analysis at the mutation site 725, and the
results showed that it is a conservation site for various
species (►Fig. 2D).

Discussion

OI is a congenital skeletal dysplasia with a genetic classifica-
tion of 22 types (OI types I–XXII) (https://omim.org). How-
ever, there is considerable overlap in the clinical phenotypes
of these different types. As of November 11, 2022, the OI and
Ehlers–Danlos’ syndrome variant databases have included 20
genes associated with OI. Studies have demonstrated that
pathogenic mutations cause �85 to 90% of OI in the type I
collagen ligand α1 subunit/α2 subunit (COL1A1/COL1A2).
Despite the identification of thousands of pathogenic muta-
tion types, a precise genotype–phenotype correlation has yet
to be established.7

In clinical practice, OI is classified into four types (I–IV)
based on the clinical phenotype and severity. Type I OI is
characterized by the mildest clinical phenotype, typically
without skeletal malformations. The clinical phenotype of
type II OI is the most grievous, with the most affected
individuals dying in the perinatal period due to severe
bone deformities. Some severe cases also present with fetal
edema.8 Type III OI is severe, presenting with progressive
skeletal malformation and high-frequency fractures as well
as abnormal teeth and hearing loss, and has a poor prognosis.
Type IV OI is of moderate severity, between types I and III.5,6
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The COL1A1 is located at 17q21.33, with a total length of
18 kb and 51 exons. Code-shifting, nonsense, and splicing
mutations of COL1A1 primarily lead to premature termina-

tion codons, producing hazardous and degradable truncated
gene expression products. OI caused by such mutations
typically presents mild clinical manifestations. Missense

Fig. 1 Ultrasound images of cases. (A) Humeral length: 7mm. (B) Femur length: 8mm. (C) The abdomen was �3.5mm thick. (D) The scalp was
�5.5mm thick.

Table 1 Ultrasonographic measurements of suspected fetal skeletal dysplasia

Ultrasonographic
measurements

Measured value (mm) Normal range in 18 weeks’
gestation (mm)

Biparietal diameter 42 34–45

Head circumference 59 128–161

Transverse diameter of
the cerebellum

16 15.9–20.5

Abdominal circumference 108 110–141

Femoral length 8 21–29

Humeral length 7 22.3–30.1

Fetal weight 118 (g) 184–269 (g)

Fetal skin thickness Scalp thickness: 5.5
Abdominal skin thickness: 3.5

–

Other The nasal bone of the fetus was not shown, the lip structure was
not clearly displayed, the ossification of the skull ring was not
obvious, the cerebellum was visible, the midline of the brain was
in the middle, and the width of bilateral ventricles was �4mm

–
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Fig. 2 (A) Karyotype analysis results of cases. (B) CNV-seq results of fetal. (C) (a) Pedigree information in this family. (b) Sanger validation peak
plots for the proband (fetus) and family members. The fetal COL1A1 gene has c.2174G> T / p.(G725V) heterozygous variation, which parents do
not carry. (D) Protein conservation analysis in the mutation site 725 showed that it is a conservation site for various species (https://www.
uniprot.org/). CNV-seq, copy number variation sequencing.
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mutations in COL1A1 are associated with the production of
proteins with abnormal structures. The mutant subunits
participate in and disrupt the triple helix assembly of type
I collagen, exacerbating the dominant-negative effect. These
mutations typically result in severe phenotypes.9 Studies in
China, Italy, Poland, and other countries have demonstrated
that missense mutations are the primary cause of OI with
poor prognosis, the majority of which involve the substitu-
tion of glycine in the Gly-X-Y (X and Y are random amino
acids) repeat sequences of the collagen molecular helix
domain with other amino acids.10–13 The substitution of
glycine with branched nonpolar or charged amino acids
likely results in amore severe formof OI.14 Studies conducted
in other contexts have corroborated that de novo mutations,
which have not been subjected to purifying selection, are
associatedwith amore severe clinical presentation of OI than
inherited COL1A1 mutations.15,16

This was the first pregnancy for couples who were not
blood-related. No significant skeletal dysplasia or similar
clinical manifestations were observed in the family history.
Obstetric ultrasonography revealed severe limb shortening,
poor skull ossification, absence of nasal bones, and general-
ized subcutaneous edema. According to research findings,
fetuses afflicted with lethal skeletal dysplasia display con-
siderable and premature reduction in the length of their long
bones as well as disproportionate growth of the fetal abdo-
men and cranium. Notably, the ratio of femoral length to
abdominal circumference serves as a reliable indicator of
skeletal dysplasia lethality. Specifically, 92 to 96% of cases
showed a ratio of femoral length to abdominal circumference
below 0.16, which is a sign of fatal skeletal dysplasia.17 The
available sonographic parameters indicate the presence of a
hypoplastic fetal skeletal system, which is indicative of
severe OI. Studies have demonstrated that when a pregnant
woman and her spouse have no apparent skeletal system
malformations, prenatal ultrasound imaging reveals abnor-
malities of the fetal skeletal system in conjunctionwith other
system malformations, which are likely caused by chromo-
somal abnormalities or CNVs. When fetal malformations are
mainly observed in the skeletal system, they are usually

monogenic in origin.18 In this study, karyotyping and CNV-
seq did not reveal any abnormalities, suggesting that non-
chromosomal numerical, structural, and CNVs were associ-
ated with skeletal malformations and other ultrasonic
manifestations. Trio-WES revealed that the fetus in this
case carried the heterozygous c.2174G> T/p.(G725V) vari-
ant, which is categorized as a pathogenic variant based on
ACMG guidelines. Neither of the parents had this mutation
site, whichwas not present in the database or reported in the
literature. Among the candidate genes, the missense variant
in COL1A1 appeared to be the most frequently observed
pathogenic variant associated with OI. Therefore, the identi-
fied mutation appears to have arisen spontaneously during
the early stages of human embryonic development. Based on
this and the ultrasound-specific clinical presentation, the
fetus was initially diagnosed with perinatal lethal OI. The
fetal COL1A1 gene had a c.2174G> T/p.(G725V) variation,
causing a glycine-to-valine substitution at position 725,
which is located within the Gly-Xaa-Yaa repeat in the helical
domain of the collagen molecule and is a branched nonpolar
amino acid, which might be the most responsible for the
more severe fetal clinical phenotype. We have summarized
the mutated genes of severe fetal OI caused by missense
mutations in COL1A1 and their associated clinical ultrasonic
manifestations reported in the literature (►Table 3). Ultra-
sound images exhibit high similarity, primarily displaying a
shortened humerus, shortened femur, thoracic stenosis, and
a poorly ossified calvarium. This finding was consistent with
the ultrasound findings reported in the present study. Con-
sequently, in the absence of a prenatal genetic diagnosis,
ultrasound during pregnancy suggests that the aforemen-
tioned fetal manifestations could be utilized as the initial
diagnostic basis. The patient chose to terminate their preg-
nancy after genetic confirmation. Regrettably, owing to the
lack of aborted tissue, we were unable to definitively ascer-
tain whether it was a perinatal lethal OI.

OI is one of the primary causes of skeletal dysplasia in
fetuses for which no adequate therapy exists. Currently,
nonlethal patients are managed symptomatically, primarily
through lifestyle modification, medications, surgery, and

Table 2 Effects of COL1A1 mutations predicted with in silico tools

Protein prediction algorithm Score Interpretation

Scale-Invariant Feature Transform (SIFT) 0 Damaging

Polymorphism Phenotyping Version 2_HDIV (Polyphen2 HDIV) 1 Probably damaging

Polymorphism Phenotyping Version 2_HVAR (Polyphen2 HVAR) 0.999 Probably damaging

Mutation Taster 1 Disease-causing

Protein Variation Effect Analyzer (PROVEAN) �7.53 Damaging

Rare Exome Variant Ensemble Learner (REVEL) 0.997 Damaging

Combined Annotation-Dependent Deletion (CADD) 34 Damaging

phyloP 7.867 Conserved

phastCons 1 Conserved

SiPhy 18.429 Conserved
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rehabilitative training.19,20 Therefore, regular prenatal
checkups, especially prenatal ultrasound examinations, are
paramount for such diseases. Prompt prenatal diagnosis is
necessary for fetuses with a family history or ultrasound
findings suggestive of skeletal dysplasia, for early prenatal
intervention and prevention of the birth of affected infants.

Conclusion

In conclusion, we present a case of OI in a fetus with skeletal
dysplasia and generalized subcutaneous edema. The c.2174G
>T/p.(G725V) de novo mutation of COL1A1 in our patient
was a novel pathogenic mutation of OI.
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