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Summary: Identification of a missense mutation of c.3064G>A, Gly1022Ser in exon 43 of COL1A1 gene in a girl with osteogenesis imperfecta type III: Osteogenesis imperfecta (OI) types I ~ V have been inherited in an autosomal dominant pattern.  OI type I is associated with mutations in COL1A1 mostly due to a null allele.  OI types II ~ IV are associated with mutations in COL1A1 or COL1A2 and mostly are due to glycine substitutions.  It has been suggested that the effect of glycine substitutions is position specific, and the substitution of glycine by serine has much less lethal effect than the substitutions by valine, aspartic acid, glutamic acid, arginine and cysteine.  We report identification of c.3064G>A, GGT>AGT, Gly1022Ser (Gly844(Ser844 in triple helix) in exon 43 of the COL1A1 gene in an 8-year-old girl with OI type III.  Our report provides evidence that at triple helix glycine residue 844 (p.Gly1022), a glycine substitution by serine can result in OI type III but not a lethal outcome.
Key-words:
COL1A1 – genotype-phenotype – osteogenesis imperfecta type III – type I collagen

Running Title: OI type III
INTRODUCTION

Osteogenesis imperfecta (OI) is a genetic disorder characterized by increased bone fragility, decreased bone mass and other connective-tissue manifestations such as blue sclerae, hyperlaxity of ligaments and skin, dentinogenesis imperfecta (DI), and hearing loss (10,11).  The incidence of OI varies between 1:20,000 and 1:60,000 births (2,7).

    OI type I ~ type V have been inherited in an autosomal dominant pattern, and OI type VI ~ type XII have been inherited in an autosomal recessive pattern.  OI type I is associated with mutations in COL1A1 mostly due to a null allele caused by deletions, duplications, nonsense mutations and frameshift mutations that cause a premature stop codon.  OI type II ~ type IV are associated with mutations in COL1A1 or COL1A2 and mostly are due to glycine substitutions although other mutations such as splicing defects, deletions or duplications have been described.  OI type VI ~ type XII can be caused by homozygous or compound heterozygous mutations in FKBP10, CRTAP, LEPRE1, PPIB, SERPINH2, SP7 and SERPINF1, respectively.

    In the autosomal dominant OI types I ~ IV, the severity increases in the order of type I < type IV < type III < type II.  OI type I is mild and non-deforming with normal or mildly short stature, blue sclerae, and fractures with little or no limb deformity; OI type II is perinatally lethal with dark blue sclerae, undermineralized skull, micromelia, beaded ribs, platyspondyly, multiple fractures and profound bone deformity; OI type III is severe and progressively deforming with grayish sclerae, DI, very short stature, and moderate deformity at birth; and OI type IV is moderate deforming with normal sclerae, variable short stature, DI, some hearing loss, and fractures with mild/moderate limb deformity (5,10).

    Here, we report identification of a missense mutation of c.3064G>A, GGT>AGT, Gly1022Ser in exon 43 of the COL1A1 gene in an 8-year-old girl with OI type III.

CASE REPORT

The 8-year-old girl was the second child of a 33-year-old father and a 32-year-old mother at her birth.  Her body weight was 24 Kg (25-50th centile), and body height was 98 cm (< 5th centile).  Her parents were non-consanguineous and healthy, and there was no family history of skeletal dysplasias.  Her elder sister was normal.  She was delivered at 38 weeks of gestation after an uncomplicated pregnancy with a body weight of 2,700 g (15-50th centile) and a length of 48 cm (15th centile) by cesarean section because of previous cesarean delivery.  Soon after delivery, she developed severe respiratory distress requiring admission.  During admission, she was found to have short curved lower limbs and grayish sclerae.  X-rays showed curved long bones with fractures and callus formation.  The clinical findings were consistent with the diagnosis of OI type III (Fig. 1).  Her condition stabilized after bisphosphonate treatment.  She sustained additional fractures of the left femur and left humerus in the neonatal period around one year of age (Fig. 2).  Over the next seven years, she had suffered repeated fractures of the extremities after minimal traumas.  On examination, she had scoliosis and DI but no hearing loss, and could stand and walk after long-term orthopedic and rehabilitation therapy.  Molecular analysis of type I collagen genes revealed a missense mutation of c.3064G>A, GGT>AGT, Gly1022Ser in exon 43 of the COL1A1 gene (Fig. 3).

DISCUSSION

The present case provides evidence that a glycine substitution by serine at codon 1022 or at triple helix position 844 can result in OI type III but not a lethal outcome.  A substitution of an amino acid for a glycine in the repeating Gly-Xaa-Yaa triplet repeats in the triple helical domains of the type I collagen chains can delay triple-helix formation, permit prolonged access of modifying enzymes and decrease the thermal stability of the protein (3,6,9).  Pack et al. (6) suggested that the effect of glycine substitution is position specific, and the substitution of glycine by serine has much less effect on the stability of the protein than the substitutions by other amino acids such as arginine, cysteine and aspartate.  The substitution of glycine at codon 1022 in pro(1(I) chain can be associated with severe or lethal OI.  A glycine substitution by valine at codon 1022 or at triple helix position 844 has been associated with OI type II.  Körkkö et al. (4) reported a missense mutation of GGT>GTT that converts glycine 844 to valine 844 in the triple helix position of the pro(1(I) chain (Gly1022Val in the type I (1 procollagen) in a proband with OI type II.  Bodian et al. (1) reported two patients with lethal OI with a COL1A1 glycine missense mutation of c.3065G>T, p.Gly1022Val (Gly844(Ser844 in triple helix).  Marini et al. (5) and Pyott et al. (8) reported c.3065G>T, p.Gly1022Val (Gly844(Ser844 in triple helix) in one affected infant with lethal OI.  On the other hand, a glycine substitution by serine at codon 1022 or at triple helix position 844 can cause OI type III.  Pack et al. (6) reported a missense mutation of GGT>AGT that converts glycine 844 to serine 844 in the triple helix position of the pro(1(I) chain in a proband with OI type III.
    In a study of 391 individual mutations that resulted in substitutions of glycine residues in COL1A1 affecting the (1(I) chain, Marini et al. (5) found that substitutions of glycine by serine, cysteine and arginine resulting from mutations in the first position of glycine codons accounted for 78.6% of all (1(I) substitutions.  In their study, about 1/3 (35.6%) of all independent glycine substitutions in (1(I) resulted in OI type II, and glycine substitutions by valine, aspartic acid, glutamic acid and arginine were more often associated with a lethal outcome than the average for (1(I) chains.  Marini et al. (5) found the lethal effects of specific amino acid residue substitutions for glycine in COL1A1 were valine (73.1%), aspartic acid (65.5%), glutamic acid (57.1%), arginine (45%), cysteine (29.8%), serine (24.3%) and alanine (13.6%).  It is likely that a substitution of glycine by serine will less often have a lethal outcome than average for (1(I) chains.  The clinical findings of our case are in accordance with the previous observations.  Our case shows that at triple helix glycine residue 844 (p.Gly1022), a glycine substitution by serine can result in OI type III but not a lethal outcome.
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FIGURE LEGENDS

Figure 1.
X-ray of the proband at birth.

Figure 2.
X-rays of the proband at one year of age show fractures of (A) left humerus and (B) left femur.

Figure 3.
Molecular analysis of the proband shows a missense mutation c.3064G>A, GGT>AGT, Gly1022Ser in the exon 43 of the COL1A1 gene.
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