MOLECULAR MEDICINE REPORTS 9: 2187-2190, 2014

A novel mild variant of osteogenesis imperfecta type I
caused by a Gly1088Glu mutation in COLIAI
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Abstract. Osteogenesis imperfecta (OI), also known as brittle
bone disease, characterized by multiplicative osteopsathyrosis,
blue sclera, dentinogenesis imperfecta and mild audition, is a
rare inherited connective tissue disease. There are seven types
of OI, I to VII, among which type I-IV are relatively common
and associated with type I collagen. Defects in type I collagen
synthesis or structure are responsible for the majority of
clinical OI cases since collagen is the major matrix protein of
all connective tissues. Type I collagen consists of two pro-al
chains and one pro-a2 chain, which are encoded by two genes,
COLIAI and COLIA2, respectively. The two subunits have a
Gly-X-Y repeat domain, of which glycine is highly conserved
in the majority of species. Point mutations on these sites
appear to trigger OI. In the current study, a heterozygous muta-
tion, ¢.3263G>A, p.Glyl088Glu, was identified in the Gly-X-Y
domain of type I collagen in an affected individual with type I
OI. A lethal phenotype with the p.Glyl088Ala mutation was
observed at the same site as the current findings. This suggests
that variant characteristics of the substitution for Gly may
trigger a varying degree of OI from lethal to mild, even when
the mutation occurs at the same site. It is hypothesized that
the study may provide insight into the phenotype-genotype
association and may assist, not only in the clinical diagnosis,
but also in investigating the mechanism of collagen-associated
diseases.

Introduction

Osteogenesis imperfecta (OI), also known as brittle bone
disease, characterized by increased bone fragility and low
bone mass, is a rare inherited connective tissue disease (1,2),
mainly with autosomal dominant inheritance. The incidence
of Ol is ~1:10,000 and the capital clinical manifestations of OI
are multiplicative osteopsathyrosis, blue sclera, dentinogenesis

Correspondence to: Professor Xiao-Jun Li, Institute of Laboratory
Medicine, Jinling Hospital, Nanjing University School of Medicine,
305 East Zhongshan Road, Nanjing 210002, P.R. China

E-mail: lixiaojun1962@gmail.com

Key words: osteogenesis imperfect type I, COLIAI gene, point
mutation, Gly-X-Y domain

imperfecta and mild audition (3). The traditional classifica-
tion is based on clinical and radiographic criteria, and the
mode of inheritance findings include type I (MIM #166200),
II (MIM #166210), I1II (MIM #259420) and IV (MIM
#166220) (4,5). Their phenotypic presentation varies from
mild to lethal, of which type I is the mildest with the highest
incidence rate.

More than 90% patients with OI types I-IV have auto-
somal dominant mutations in one of the two genes that
encode the a chains of type I collagen. Type I collagen, the
main component of bone matrix, consists of two pro-ol
chains and one pro-a2 chain, which are encoded by COLIA]
(MIM #120150; accession# for mRNA Z74615.1) and
COLIA2 (MIM #120160; accession# for mRNA Z74616.1)
genes, respectively. COLIA] is fixed on chromosome
17q21.3-17q22 and COLIA2 on chromosome 7q22.1, their
total lengths are 18 and 38 kb, respectively, containing
~50 exons. Furthermore, each o chain consists of 1,014 amino
acids forming a triple helical domain encoded by 43 exons.
The folding of the three chains, with limited space, with
triple helical domain restricts every third residue to a Gly,
generating a repeating (Gly-X-Y)n sequence pattern. Once
Gly in triple helix domains is substituted with other amino
acids, the structure of type I collagen is destroyed. Gly is
significant role in the formation of the triple helical domain,
these sites are also the molecular basis of numerous diseases.

A number of gene mutations associated with COLIAI
and COLIA2 have been reported resulting in OI. To date,
hundreds of mutations referring to COLIAI and COLIA2 have
been submitted to the University of Leicester's (Leicester,
UK) database (http://www.le.ac.uk/genetics/collagen/) high-
lighting mutations of the collagen gene (6). A Chinese patient
with OI type I disease, who possessed a novel single base
substitution mutation (c.3263G>A) in the COLIAI gene was
observed. This identification is likely to add to the the muta-
tion database of collagen genes and provide more abundant
materials for clinical diagnosis of heritable diseases and aid
in the development of gene therapy and molecular diagnosis
in the antepartum period.

Materials and methods
Case presentation and analysis. A 15-year-old Chinese male

(Fig. 1) came to the Jinling Hospital (Nanjing, China) for
genetic counseling of constitutional bone disease, which was
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Figure 1. Pedigree of osteogenesis imperfecfa type I in a Chinese patient.
The black symbol indicates the patient with OI and white symbols represent
unaffected individuals in the family. OI, osteogenesis imperfecta.
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Figure 2. X-ray images from the patient with osteogenesis imperfecta. The
patient previously suffered with severe fractures and a foot dislocation.
There existed evidence of >6 previous limb fractures. (A) The femur frac-
ture occurred on the right side following falling down the stairs in 2009 and
(B) evidence of a previous comminuted fracture was observed on the right
tibiofibula that occured without apparent stress in 2006 (the left radiographs
of A and B were the adem position view and the right radiographs were the
lateral position view) (C) The first apotelus dislocation occurred in 2010 and
was the latest affection.

characterized by blue sclera and mild abnormalities with the
teeth. The patient was 171 cm tall and weighed 54 kg, with
normal vision, audition and intelligence. According to the
patient, he had previously suffered six fractures in the four
limbs. Among these, foot dislocation was the latest fracture
in 2010, and the most serious was a comminuted fracture in
the right tibiofibula in 2006 (Fig. 2). The patient's parents and
sister were all healthy. In addition, 250 healthy adults were
used as controls.

DNA sequencing. A peripheral blood sample (5 ml) was
obtained from the patient, the patient's parents and sister,
and 250 normal adults, respectively. All instructions were
performed by the Institutional Review Board and the
Committee on Ethics of Research Involving Human Subjects
of Nanjing University Medical Center, Nanjing, China (7).
The Wizard™ Genomic DNA Purification kit (Promega
Corporation, Madison, WI, USA) was used to extract leuco-
cyte genomic DNA, which was stored at -20°C, according to
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Figure 3. Sequence analysis of COLIAI exon 45. The nucleotide sequence of
the patient and a normal subjects are shown in the upper and lower panels,
respectively. The patient has a novel heterozygous G—~A mutation at nucleo-
tide 3263 in exon 45 (c.3263G>A), resulting in the substitution of glycine with
glutamic acid at codon 1088 (p.G1088E).

the manufacturer's instructions. The primers were designed
according to ~50 exons of COLIAI and COLIA?2 (8), respec-
tively, and polymerase chain reaction (PCR) was completed
under the following conditions: 95°C for 5 min followed by
35 cycles of 95°C for 30 sec, 56°C for 30 sec, and 72°C for
60 sec (8). PCR products were sequenced directly using an
ABI Prism 3700 automated sequencer (Applied Biosystems,
Foster City, CA, USA). The sequencing results were compared
with the NCBI Reference Sequence (NM_000088).

PCR-sequence specific primer (SSP) experiments.
Allele-specific primer extension was used to confirm the
heterozygous state. The wild-type gene sequence was ampli-
fied with primer A (§-TGTCGCTTTTTC TCTTGTAGGG-3")
plus primer C (5'-CTCGCATAATCGCTCTTTGTGTA-3")
and the mutation sequence was amplified with primer B (5'-T
GTCGCTTTTTCTCTTGTAGGA-3") plus primer C. It was
expected that the products of wild-type and mutation-type
sequences generated a fragment of 315 bp. The PCR cycling
products were visualized using a UV transilluminator
(WD-9403B; Beijing Liuyi Instrument Factory, Beijing,
China) in a 2.0% agarose gel following electrophoresis and
staining with ethidium bromide.

Results

A single base substitute mutation, c.3263G>A (p.
Glyl088Glu), was identified in the sequence analysis of the
COLIAI gene. The number of this mutation site was based
on the cDNA sequence found in GenBank for human mRNA
pre-pro-al (I) (GenBank accession no. Z74615.1), using the
A of ATG translation initiation start site as nucleotide +1 (9).
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Figure 4. The electrophoretogram of PCR-SSP results of the affected and
unaffected individuals. Each individual was amplified with two pairs of
primers. Lane 1, represents PCR product amplified with primer A plus C,
which were amplified in homozygotes and heterozygotes. Lane 2, represents
PCR product amplified with primer A plus B, which was amplified only in
heterozygotes. PCR, polymerase chian reaction; P, patient; S, sister; W, one
of 250 normal adults; C, negative control.
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Figure 5. Multispecies alignment of the type I collagen al chain sequence
shows that the mutation site (p.G1088E) indicated with an arrow, identified
in the sporadic patient alters amino acids that are highly conserved in all
species listed.

This mutation (c.3263G>A) was shown in the spectrum of
the group (Fig. 3), the same mutation was not identified in the
patient's parents or sister, or the 250 unrelated controls. The
novelty of this mutation was identified, which was not defined
in the Type I Collagen Mutation Database (http:/www.
le.ac.uk/genetics/collagen/), or the Human Gene Mutation
Database (http:/www.uwcm.ac.uk/uwem/mg/hgmd().html).
This mutation was further confirmed by PCR-SSP in the
schematic diagram (Fig. 4). There also existed a single-nucle-
otide polymorphism in exon 33 (c.2298T>C) in this sporadic
case, no other mutations were identified.

Discussion

There are numerous mutations in the prolyl 3-hydrox-
ylation complex, including CRTAP (MIM #605497),
LEPRE1 (MIM #610339) and PPIB (MIM #123841), and
the non-collagen related genes, FKBP10 (MIM #607063),
PLOD2 (MIM #601865), SERPINF1 (MIM #172860),
SERPINH1 (MIM #600943) and SP7 (MIM #606633).
These lead to defective bone development and abnormal
collagen helix formation associated with a clinical spectrum
of recessive OI (10). In addition, type I-IV of OI were almost
all triggered by mutations in COLIAI and COLIA2. Type I
collagen, encoded by COLIAI and COLIA2, consists of two
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pro-al chains and one pro-a2 chain. Each a chain includes
an N- and C-terminal, and a core triple helical domain of the
Gly-X-Y triplet repeat unit, which is highly conserved. The
C-terminal is used for recognition and assembly of type I
collagen (11,12), and is cleaved until the triple helical domain
is assembled into type I collagen. The N-terminal domain is
also cleaved. According to the protein sequences in NCBI,
with the reference sequence NM_000088.3, there are 1442
amino acids in the collagen pro-al (I) chain. The N-terminal
domain consists of approximately the first 200 amino acids
and the C-terminal domain consists of almost all the last
200 amino acids. (13). The remaining amino acids form the
triple helix domain. Substitution mutations in the first 200
amino acids, occur only in the N-terminal domain, thus are
nonlethal and exhibit a variable outcome. The triple helix
domain is not considered as a domain purely, but rather as
being composed of subdomains, each having its own specific
function. The sizes of these subdomains remain unknown;
however, the biochemical features of the substitution amino
acids are linked to the role of the regions where the mutations
occur.

The patient with OI type I had a guanine to adenine
transition at nucleotide ¢.3263G>A in exon 45 that may
result in a Gly to Glu substitution, which corresponds to the
glycine position of Gly-X-Y repeat units within the triple
helix domain of the collage protein (14). This variant was not
identified in the patient's parents or sister, or 250 controls.
As shown in an alignment of COLIAI orthologs from six
species of M. musculus, R. norvegicus, C. familiaris, D. rerio,
M. mulatta, and H. sapiens, the original mutation position
in COLIAI is highly conserved across a number of species
(Fig. 5). That suggests a substitution for Gly across the triple
helix domain may induce different types of OI regardless of
the substitution. However, the collagen gene mutations were
not located in already existing hot spots.

Maurizia et al (15) reported a proband with disease
of a lethal form of OI, in which an 18-month-old female
succumbed to respiratory failure. The study showed that a G
to C conversion at nucleotide 3263 of pro-al (I) (c.3263G>C),
which may change Gly to Ala in the triple helix domain. The
mutation site was the same as that reported in the current
study, however resulted in substitution with a different amino
acid. The triple helix chain bearing these point mutations may
exhibit secretion difficulties and the extensive mutable trimers
may obstruct the secretion of normal chains. Furthermore,
the chains containing one or two mutations exhibited poor
thermal stability. The different substituted amino acids
were hypothesized to result in a number of abnormalities,
including collagen recognition, anomalous assembly and
functional abnormality. To the best of our knowledge, this
is the first this is the first study to demonstrate that disparate
substitutions of amino acids at the same position may result in
entirely different phenotypes from mild to lethal. It provided
evidence for further establishment of phenotype-genotype
associations, and it also suggested the foundations for the
determination of the molecular mechanism underlying the
development of OI.

In conclusion, a novel Gly substitution mutation (c.3263.
G>A) in exon 45 of COLIAI gene resulting in OI type I
was identified in a sporadic patient. The detailed molecular
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and clinical features are likely to be useful for extending
the evidence for genetic and phenotypic heterogeneity and
exploring the phenotype-genotype correlations in OI.
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