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Abstract

Osteogenesis imperfecta (OI) is a heritable disorder of connective tissue characterized by the
presence of bone fragility and fractures. The clinical manifestations vary from mild to severe perinatal
lethal. Associated anomalies include short stature, dentinogenesis imperfecta, and blue sclerae. The
precise occurrence of OI in Thailand is not known but an estimated worldwide prevalence is between
1/25,000 to 1/100,000. OI can be divided by mode of inheritance to those inherited in an autosomal
dominant fashion, including mutations in COLIAI and COLIA2, whereas mutations in collagen-
modifying enzymes and chaperones (CRTAP, LEPREI, PPIB, and SERPINHI), mineralization defect
(SERPINFI) and a mutation in OSX resulted in autosomal recessive OI.

In this proposal, we propose to study an OI family with pedigree consistent with an X-linked
recessive mode which has never been previously reported in the literature. This family includes at least 6
living affected male patients and at least 4 living female carriers. We visited the family members for
detailed information such as history, physical examination and pedigree analysis. After informed consent,
sample collection and laboratory investigations were performed. The level of X-inactivation (Xi) using a
methylation assay showed that all of the four obligate carriers showed skewed X-inactivation which
supported that the disease is inherited as an X-linked pattern. We further PCR-amplified X-chromosomal
region using panel 28 of ABI Prism Linkage Mapping Sets-MD10 Version 2.5. Maximum LOD score
using the deduced genotyping of unavailable members was 3.31 at marker DXS987. Fine mapping was
performed to narrow down the critical region using additional 22 microsatellite markers, defining the
critical region down to 18.8 Mb in size, which includes almost 200 genes.

Interestingly, due to the fact that there have been no reports of familial OI with X-linked
inheritance, together with no genes on X chromosome were identified to be a causative gene for Ol, we
now narrow down the critical region into 18.8 Mb. The X-linked OI locus is now narrow down to Xp22.3-
21.2. We expect to identify the causative gene in the next project by next generation sequencing which
will extend the current knowledge of normal human bone development and may contribute to other forms

of bone diseases.
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Abstract
Some patients with osteogenesis imperfecta (Ol), a brittle bone disease, do not have
mutations in known genes, hindering the accurate genetic counseling to the family and the

development of specific treatment.

We studied 18 members with six affected in a large Ol family inherited in an X-
linked recessive manner. X-inactivation assay showed that all four obligate carriers had
skewed X-inactivation supporting that the disease is inherited as an X-linked pattern. Using
40 markers on chromosome X for linkage analysis, we found a maximum LOD score of 3.31
on chromosome Xp22.3-21.2. In conclusion, clinical and radiographic features, collagen

biochemistry of a new type of Ol inherited in an X-linked recessive mode is described.
Background

Osteogenesis imperfecta (Ol) or brittle bone disease is characterized by low bone
mass and reduced bone material strength resulting in bone fragility and susceptibility to
fractures. Clinical severity ranges from subclinical to lethal. In a majority, the causative
defects are directly related to type I collagen, including insufficient protein quantity, primary
structure abnormalities, post-translational modifications, folding, intracellular transport or
matrix incorporation.® It is genetically heterogeneous. Most patients have autosomal
dominant defects in COL1A1 or COL1A2, with more than 1,500 identified mutations.” A
minority of Ol cases is inherited in an autosomal recessive manner. They have mutations in

genes encoding proteins involved in collagen prolyl 3-hydroxylation (CRTAP®*, LEPRE1®



and PPIB®”), helical folding (FKBP10® and SERPINH1®), or mineralization defect
(SERPINF1%). Recently, a mutation in OSX™ have been identified.

Here, we study six patients with Ol in a family inherited in an X-linked manner.
Using linkage analysis, we successfully identify a locus of X-linked osteogenesis imperfecta.
Methods
Clinical descriptions

A Thai newborn was born at 39 weeks gestation by Cesarean section due to multiple
fractures of long bones detected since four months pregnant, with Apgar scores at 1 and 5
minutes of 7 and 9, respectively. At birth, his length was 45 cm, head circumference 34 cm,
anterior fontanelle 5x5cm and was found to have fractures of ribs, humeri, femori, and tibiae.
Family history showed that there were totally 12 affected members with seven living. We
were able to do clinical assessment and obtain blood samples from 18 members with six
affected.
DNA extraction

This protocol was approved under the Institutional Review Board of the Faculty of
Medicine, Chulalongkorn University. After written informed consents were obtained, high
molecular weight DNA was extracted from leukocytes of all available family members using
5Prime (Gaithersburg,MD, USA) and Qiagen kit (Gaithersburg,MD, USA) according to the
manufacturer instruction.
X-inactivation assay

Eight female members (1111, 115, 1117, IV1, IV5, IV7, IV9, IV10) and one unaffected
male (IVV8) were subjected to X-inactivation analysis. A total of 500 ng blood —derived DNA

was digested with 10 U of the methylation-sensitive enzyme Hpall at 37°C for 16 hour and



enzyme-inactivated at 95°C for 10 min. The first exon of Androgen receptor gene (AR) was
amplified using fluorescently labeled forward primer FAM-5’-cgcgaagtgatccagaaccc-3’ and
reverse primer 5’-gttgctgttcctcatccagg-3’ in digested and undigested DNA template. The
polymorphic CAG repeats in the AR gene were used to identify parental chromosomes.
Methylation differences were analysed based on peak heights in the PCR product by
Genemapper version 3.7 (Applied Biosystems, Foster City, CA).
Linkage analysis

We PCR-amplified X-chromosomal microsatellite markers using panel 28 of ABI
Prism Linkage Mapping Sets-MD10 Version 2.5 (Applied Biosystems, Foster City, CA).
Additional 22 polymorphic microsatellite markers were used for fine mapping on

chromosome Xp22 between ... and ... . All fluorescently labeled primers were

typed on an ABI Prism 3100 genetic analyser (Applied Biosystems, Foster City, CA) with
Genemapper version 3.7. For genetic mapping, MLINK program was used to calculate two-
point linkage analysis with the following model: X-linked recessive with high penetrance,
disease and normal allele frequencies were set at 0.01 and 0.99.
Results
X-inactivation assay

The level of X-inactivation (Xi) using a methylation assay showed that all of the four
obligate carriers showed skewed X-inactivation which supported that the disease is inherited
as an X-linked pattern. Of note, one of the possible carriers (1VV9) also had preferential X

allele expression.



Linkage analysis
Maximum LOD score using the deduced genotyping of unavailable members was

3.31, defining the critical region from markers ... t0 Haplotypes were

consistent with affection or carrier status in all individuals tested.
Discussion

Our proband had prenatal fractures, low bone mass and low BMD consistent with a
diagnosis of Ol. Pedigree analysis showed that all affected members were male and related
by unaffected female carriers, consistent with an X-linked recessive inheritance. With
thousands of patients have been clinically and molecularly characterized, an X-linked
inheritance had never been reported. We therefore performed an X-inactivation assay, which
showed that all four obligate carriers had skewed X-inactivation, supporting our hypothesis
that the responsible gene is on the X chromosome.

We then performed a linkage analysis and assigned the X-linked Ol locus to a region
on Xp22.3-21.2
Conclusions
We have characterized clinical, radiographic and biochemical features and Ol locus with a
new mode of inheritance.
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