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COL1A1 novel splice variant in
osteogenesis imperfecta and
splicing variants review: A case
report
Michella Dirani, Victor D. Cuenca and Vanessa I. Romero*

School of Medicine, Universidad San Francisco de Quito, Quito, Ecuador

Background: Osteogenesis imperfecta (OI) is a rare heterogeneous genetic
disorder commonly autosomal dominant with variants in the COL1A1 and
COL1A2 genes. It is characterized by bone fragility and deformity, recurrent
fractures, blue sclera, dentinogenesis imperfecta, short stature, and
progressive deafness.
Case presentation: We present a novel splicing mutation in the COL1A1 gene
(c.2398-1G > C) in a 6-year-old Ecuadorian girl with fractures after light
pressure and blue sclera. We identified the pathogenic variant, performed a
literature review of splice variants, and recognized their location in the
COL1A1 functional domains.
Conclusion: We describe the first clinical description of a patient with OI type 1
caused by a splice variant in intron 34 of COL1A1 gene and identify that most of
them are localized in the triple-helical region domain. We suggest that the
splice variant in signal peptide, von Willebrand factor type C, and nonhelical
regions maintain their functionality or that individuals affected with severe
cases die early in development and are not reported.
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Introduction

Osteogenesis imperfecta (OI) known as brittle bone disease is a rare heterogeneous

genetic disorder of connective tissue with an incidence of 1 in 15,000–20,000 births (1).

Clinically it is characterized by bone fragility, deformity, recurrent fractures, blue sclera,

dentinogenesis imperfecta, short stature, and progressive deafness (1). Under clinical and

radiological parameters, the disease is classified according to the Sillence classification in

four types: I (mild) and IV (moderate deforming), frequent but less severe; II (lethal) and

III (severe deforming), less frequent but more lethal (2).

OI is mostly autosomal dominant and 95% of cases result from mutations in

COL1A1 and COL1A2 that code for type I collagen alpha chains, α1 and α2,

respectively (1). Autosomal recessive cases result from mutations in the CRTAP and

LEPRE1 genes (3). COL1A1variants include missense, nonsense, frameshift, and splice

site (4). RNA splicing is indispensable for protein synthesis. The RNA transcript (pre-

mRNA) requires introns being spliced and the exons bound to form mRNA (1). The

splicing process is performed by the spliceosome, which consists of five uridine-rich
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ribonucleoproteins and more than 200 associated proteins (4).

Inappropriate splicing fails to remove introns or removes

necessary exons resulting in an abnormal type I collagen

chain (5).

Here, we report a patient with fractures after light pressure

and blue sclera, identify the pathogenic variant, performed a

literature review of splice variants, and recognized their

location in the COL1A1 functional domains. Most of articles

focus on nonsense and missense variants and splice variant

information are not available.
Case report

Patient information and therapeutic
interventions

We report a 6-year-old female who came to the genetic

outpatient clinic for multiple consecutive fractures. She was

born by vaginal delivery from nonconsanguineous parents

with no complications and achieved all developmental

milestones without delay. These include fine motor, gross

motor social-emotional, and behavioral, language, and

cognitive milestones (6). At 6 months, she presented hip

dysplasia and bilateral valgus cavus that was treated with an

orthopedic diaper. In June 2021, she fell from her height and

suffered a left femoral shaft close fracture that required

surgery and plating nailing placement (Figure 1 and

Supplementary Figure S1). Eight months later, the surgeon

removed the plating. Fifteen days later, the girl slightly twisted

her left leg and fractured her left femur again. The

pediatrician ordered additional imaging studies and ruled out

malignancy. Her physical examination revealed blue sclera
FIGURE 1

Patient’s x-rays. First x-ray shows the initial left femoral shaft fracture. Second x
a slight twist of the leg. Fourth x-ray shows the second plating fixation.
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without coloboma and hypermobility in her hands and feet.

Her family history information is relevant for blue sclera but

no fractures in her mother.
Molecular analysis

We ordered the Osteogenesis Imperfecta and Bone Fragility

Panel that analyzes 67 genes and identified a heterozygous G >

C c.2398-1 (splice acceptor) pathogenic variant in intron 34 of

COL1A1. The variant alters splicing with a frequency of 0 in

The Genome Aggregation Database (gnomAD) and in The

Exome Aggregation Consortium (ExAC) databases. The splice

variant was confirmed by Sanger sequencing.
Review of splicing variants

We reviewed all cases of splicing variants reported in

PubMed until June 2022 and filtered the case reports that

include the splice variant location and the OI type. We

identified 336 splicing variants, most of them were OI type I

and located in intron 17. Most of the splice variants were

located in introns 28, 33, 35, and 50 and in exon 49

(Figure 2, Supplementary Tables S1, S2). OI type I was

located mostly in intron 17 and 19; type 2 in intron 14, 26,

and 47; type 3 in intron 11 and 6; and type 4 in intron 8, 9,

15, 16, and 19. The most intron splice variants were located

in introns near exons that become the triple-helical region

domain (Supplementary Table S2). Splice variant mostly

caused OI type 1. Intron 17 includes the most single

nucleotide variants (mostly G > C/A) and reported 17 type 1,

3 type 3, and 1 type 4 case. Most of single nucleotide variants
-ray shows the first plating fixation. Third x-ray shows the fracture after
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FIGURE 2

Frequency of the location of OI splice variants and COL1A1 domain distribution. Upper region: location of the type of OI splice variants along the
COL1A1 introns and exons. OI is classified according to the Sillence classification in four types: I (mild) and IV (moderate deforming), frequent but
less severe; II (lethal) and III (severe deforming), less frequent but more lethal. Most splice variants are located in intron 17. Black and white
pattern = type I, black = type II, gray = type III, and oblique black = type IV. Lower region: functional domains along COL1A1 introns and exons.
Most splice variants are located in the triple-helical region. Black square = signal peptide, light gray rectangle = von Willebrand factor type C and
nonhelical region (N-terminal), white rectangle = triple-helical region, and dark gray rectangle = nonhelical region (C-terminal).
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in OI type 2 are A > C and type 3 G > C (Supplementary

Table S1).
Discussion

In this case report, we describe the first clinical description

of a patient with a splice variant in intron 34 in the COL1A1

gene with a systemic literature review of splice variants

reported in PubMed and used the variant database by

Dalgeish et al. We identified that most of the variants localize

in the triple-helical region domain.

Our patient presented with two fractures after weak pressure

and blue sclera, and neoplasia was excluded. The sequencing

panel reported a splice variant in intron 34. A splice variant in

exon 34 was reported by Lindahl et al.. and a study in Sweden

mentioned that one case had a OI type IA and did not include

the clinical description (7). Our case is the first report of a

c.2398-1G > C variant, is a OI type I, and the mother of the

patient has blue sclera and lacks medical history of fractures.

The differential diagnoses of OI include diseases related to

bone fragility (8). Rickets was excluded due to a normal

alkaline phosphatase level, normal sclera and audition

involvement, or deafness. Osteomalacia is characterized by

bone pain and fractures (8). Other disorders to consider

include Bruck’s syndrome (congenital contractures involving

knee or ankle joints), panostotic fibrous dysplasia (cystic

lesions in all bones), juvenile Paget’s disease (elevated alkaline

phosphatase levels), or juvenile idiopathic osteoporosis (9).

The COL1A1 gene is located in chromosome 17, includes

17,554 bp, and produces pro-alpha 1 collagen chains. Type 1

collagen is the most common type of collagen in the body

and is part of bones, skin, tendons, and sclera (10). Type 1
Frontiers in Surgery 03
collagen contains two pro-alpha 1 chains and one pro-alpha 2

chain. The functional domains include signal peptide (exon

1), von Willebrand factor type C and nonhelical region (exon

2–6), triple-helical region (exon 7–48), and nonhelical region

(exon 49–52). The triple helix repeat works as an extracellular

structural protein involved in the formation of connective

tissue structure. Mutations in COL1A1 alter the production of

type 1 collagen resulting in bone fragility, and most published

articles focused on missense and nonsense variants. A splice

variant is a modification in the DNA sequence in the splice

site (the limit between exons and introns), which can cause

the inclusion of introns, loss of exons, and alteration of the

protein coding sequence, disrupting RNA splicing (11). We

found that most of the splice variants are located in the

triple-helical region and are mostly OI type I (Figure 2,

Supplementary Tables S1, S2). The triple-helical region

includes a series of repeated regions and additional introns, or

lesser exons allow for the diverse clinical types. The signal

peptide, von Willebrand factor type C and nonhelical region,

and nonhelical regions have OI type I (mild) and IV

(moderate). We suggest that the splice variant in these regions

maintain the functionality or that individuals affected with

severe cases die early in development and are not reported.
Examples of different phenotypes by
different splice variants

Splice variants in the same gene can cause different

phenotypes. Errors during splicing leads to alterations in the

reading frame by including introns or excluding exons. For

example, the variant c.3718-2477C > T in CFTR that is

reported in patients with cystic fibrosis produces a stop
frontiersin.org
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codon, creates a nonfunctional protein, and present a mild

phenotype (12). Likewise, most hemophilia B patients with

splicing mutations correspond have from to severe moderate

to moderate severe phenotypes, consequence of the aberrant

splicing that conditions the expression of the functional

protein. The c.520 + 13A > G mutation in intron 5 shows

moderate mild to mild moderate phenotypes (13). In addition,

same substitution at the same location of the DMD gene can

cause different clinical manifestations on the patient.

Mutation c.3277 + 1G > A occurring in intron 25 completely

removes exon 25 resulting in a mild Becker muscular

dystrophy, while mutation c.6439 + 1G > A in intron 45 results

in the inclusion of a shorter exon 45 leading to a severe form

of Duchenne muscular dystrophy (12).
Conclusion

We described the first clinical description of a patient with

OI type 1 caused by a splice variant in intron 34 of COL1A1

gene, performed a literature review of splice variants, and

identified that most of them localize in the triple-helical

region domain.
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