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1. DISEASE CHARACTERISTICS

1.1 Name of the disease (synonyms)
Osteogenesis imperfecta (OI). OI types I-V.1–3 OI types VI-XII.4

1.2 OMIM# of the disease
#166200 (type I), #166210 (type II), #259420 (type III), #166220
(type IV), %610967 (type V), #613982 (type VI), #610682 (type VII),
#610915 (type VIII), #259440 (type IX), #613848 (type X), #610968
(type XI), #613849 (type XII).

1.3 Name of the analysed genes or DNA/chromosome segments

Gene Namea Locusb Inheritancec

BMP1 Bone morphogenetic protein 1 8p21.3 AR

COL1A1 Collagen, type I, alpha 1 17q21.33 AD

COL1A2 Collagen, type I, alpha 2 7q22.3 ADd

CRTAP Cartilage associated protein 3p22.3 AR

FKBP10 FK506 binding protein 10, 65kDa 17q21.2 AR

IFITM5 Interferon induced transmembrane protein 5 11p15.5 AD

LEPRE1 Leucine proline-enriched proteoglycan

(leprecan) 1

1p34.2 AR

PLOD2 Procollagen-lysine, 2-oxoglutarate

5-dioxygenase 2

3q24 AR

PPIB Peptidylprolyl isomerase B (cyclophilin B) 15q22.31 AR

SERPINF1 Serpin peptidase inhibitor, clade F

(alpha-2 antiplasmin, pigment epithelium

derived factor), member 1

17p13.3 AR

SERPINH1 Serpin peptidase inhibitor, clade H

(heat shock protein 47), member 1,

(collagen binding protein 1)

11q13.5 AR

SP7 Sp7 transcription factor 12q13.13 AR

aThe gene names are written according to the HUGO Gene Nomenclature Commitee website
(http://www.genenames.org).
bThe loci are written according to the UCSC genome browser (http://genome.ucsc.edu/) using
the current genome assembly (GRCh37/hg19).
cAD¼ autosomal dominant, AR¼ autosomal recessive.
dThe vast majority of COL1A2 mutations are autosomal dominantly inherited, but there is one
which is nominally recessive: c.3105þ2T4C.

1.4 OMIM# of the gene(s)
BMP1 (*112264), COL1A1 (þ 120150), COL1A2 (*120160), CRTAP
(*605497), FKBP10 (*607063), LEPRE1 (*610339), PLOD2 (*601865),
PPIB (*123841), SERPINF1 (*172860), SERPINH1 (*600943), SP7
(*606633), IFITM5 (*614757).

1.5 Mutational spectrum
1.5.1. Dominant OI
Osteogenesis imperfecta comprises a heterogeneous group of diseases
characterized by susceptibility to bone fractures, specific extraskeletal
manifestations and in most cases with presumed or proven defects in
collagen type I biosynthesis. Recently, the International Nomenclature
Committee for Constitutional Disorders of the Skeleton proposed to
classify OI into five types (OI types I–V), based on distinct clinical/
radiological characteristics.3 In OI types I–IV, more than 1000 different
variants in the COL1A1 and COL1A2 genes have been identified
(Dalgleish, R: Osteogenesis Imperfecta Variant Database https://oi.gen-
e.le.ac.uk, accessed 16 May 2012).4,5 The genetic cause of OI type V has
recently been discovered and consists of a single recurrent 5’UTR
mutation c.-14C4T in the IFITM5 gene.6,7 Approximately 90% of all
cases are the result of a causative variant in either the COL1A1 or
COL1A2 gene. Some genotype–phenotype correlations exist. OI type I
usually results from frameshift, nonsense and splice-site alterations in
one COL1A1 allele that lead to mRNA instability and haploinsuffi-
ciency. In a low percentage of OI type I patients, substitutions for
glycine by small amino acids (cysteine, alanine and serine) near the
amino terminal ends of the triple helical domains encoded by either
COL1A1 or COL1A2 are found. In contrast, OI types II, III and IV are
usually caused by sequence variants in either COL1A1 or COL1A2 that
result in substitutions for glycine residues in the uninterrupted Gly-X-Y
triplet repeat of the 1014-residue triple-helical domains encoded by
each gene. Less common causative variants include splice site altera-
tions, variants in the carboxyl-terminal propeptide coding domains, or
insertion/deletion events that lead to in-frame sequence alterations.8

1.5.2. Recessive OI
Recently, many genetic causes of recessive OI have been elucidated.8,9

Recessive mutations in the nine currently known genes cause a
clinical/radiological phenotype comparable to or even indisting-
uishable from OI type II, III or IV caused by COL1A1 or COL1A2
mutations.10 However, as the underlying genetic defect is different,
some investigators promote an extended classification of OI with
addition of new types (OI types VI–XIII) solely based upon a different
genetic defect.11 The causative variants found in the recessive genes
(Dalgleish, R: Osteogenesis Imperfecta Variant Database https://
oi.gene.le.ac.uk, accessed 16 May 2012),4,5 are typically homozygous
or compound heterozygous loss-of-function mutations that result in a
null allele with severely decreased or no production of normal protein.
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1.6 Analytical methods
The first step is to perform sequence analysis of the COL1A1 and
COL1A2 genes on genomic DNA (gDNA). If no causative variant is
identified, the next step is to determine whether a deletion or
duplication of some or all of the coding regions of either gene has
occurred. This can be investigated with quantitative real-time PCR
(qPCR), Multiplex ligation-dependent probe amplification (MLPA)
or array-based analysis. If no mutation is identified, the clinical
diagnosis of OI should be clinically re-evaluated. If the clinical
diagnosis of OI is valid, gDNA analysis of the recessive genes,
preferentially simultaneously, should be initiated. If no causative
variants or only one causative variant is found, qPCR, MLPA or array-
based analysis is advised.8

1.7 Analytical validation
Sequence alterations that could be causative variants are bidirection-
ally sequenced, further investigated by in silico analysis and, if
possible, by segregation analysis. Furthermore, identified variants
should be checked against existing entries in the Osteogenesis
Imperfecta Variant Database and SNP databases. In some cases,
protein studies and mRNA/cDNA analysis isolated from cultured
fibroblasts, can have an additive value as (i) the effect of unclassified
variants suspected to alter splicing as well as (ii) the possible existence
of deep intronic variants can be studied.8

1.8 Estimated frequency of the disease
(Incidence at birth (‘birth prevalence’) or population prevalence)
OI has a birth prevalence of approximately 6–7/100.000. The
prevalence and incidence of the OI types I–V differ from each other
with OI type I and OI type IV accounting for more than half of all OI
cases.12

1.9 If applicable, prevalence in the ethnic group of investigated
person
As the dominantly inherited severe OI types (not OI type I) arise
most often from de novo mutations in the COL1A1 and COL1A2
genes, a higher prevalence in particular ethnic groups is not expected.
With regard to OI type I: most of the characterized cases are in
persons of white European descent and, as such, it is not really
possible to comment on whether or not differences in ethnic
frequencies exist. One could argue that recessive OI would occur
more frequently in inbred populations but this has not been properly
studied. However, it is reported that a founder mutation in LEPRE1 is
carried by 1.5% of West Africans and 0.4% of African Americans.13

1.10 Diagnostic setting

Yes No

A. (Differential) diagnostics 2 &

B. Predictive testing 2 &

C. Risk assessment in relatives 2 &

D. Prenatal 2 &

Comment: DNA analysis in OI is used mainly to confirm the clinical
diagnosis. OI types II–V are more easy to diagnose clinically as they
usually concern multiple (prenatal) fractures with deformation of
bone and specific extraskeletal features (blue sclerae, short length,
dentinogenesis imperfecta, hearing loss, early osteoporosis and joint
laxity). OI type I can be more difficult to diagnose clinically because
the spectrum can extend to nearly asymptomatic individuals with a

mild predisposition to fractures, normal stature and normal lifespan14

as is observed in individuals with idiopathic juvenile osteoporosis. OI
type I or sometimes IV are important differential diagnostic
considerations in case of suspicion of non-accidental injury (NAI).

Predictive testing without clinical symptoms of OI is less common
but does occur in specific circumstances. Genetic testing is necessary
for genetic risk assessment in relatives. Pre-natal and pre-implantation
genetic diagnosis is available for families with a known genetic
cause of OI.

2. TEST CHARACTERISTICS

Genotype or disease A: True positives

B: False positives

C: False negatives

D: True negatives

Present Absent

Test

Positive A B Sensitivity:

Specificity:

A/(AþC)

D/(DþB)

Negative C D Positive predictive value:

Negative predictive value:

A/(AþB)

D/(CþD)

2.1 Analytical sensitivity
(proportion of positive tests if the genotype is present)
Genomic sequencing, if necessary combined with quantitative analysis
(MLPA/qPCR/array-based analysis) and in some cases cDNA/mRNA
or protein analysis approaches 100% for mutation detection.

2.2 Analytical specificity
(proportion of negative tests if the genotype is not present)
Analytical specificity is nearly 100%. False positives in genomic
sequencing are rare.

2.3 Clinical sensitivity
(proportion of positive tests if the disease is present)
The clinical sensitivity can be dependent on variable factors such as
age or family history. In such cases a general statement should be
given, even if a quantification can only be made case by case.

Genomic DNA sequencing of the known genes should identify
causative variants in more than 95% of individuals with clinically
confirmed OI in most populations.8

2.4 Clinical specificity
(proportion of negative tests if the disease is not present)
The clinical specificity can be dependent on variable factors such
as age or family history. In such cases a general statement should be
given, even if a quantification can only be made case by case.

Clinical specificity is nearly 100%.

2.5 Positive clinical predictive value
(life time risk to develop the disease if the test is positive)
For OI inherited both as an autosomal dominant or as an autosomal
recessive trait, non-penetrance is rare and positive predictive value
approaches 100%. However, the clinical severity of the disease can be
difficult to predict due to intra- and interfamilial variability.

2.6 Negative clinical predictive value
(Probability not to develop the disease if the test is negative)
Assume an increased risk based on family history for a non-affected
person. Allelic and locus heterogeneity may need to be considered.
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Index case in that family had been tested:
Approaches 100%.
Index case in that family had not been tested:
Sequence analysis will detect approximately 95% of OI patients.8

3. CLINICAL UTILITY

3.1 (Differential) diagnosis: The tested person is clinically affected
(To be answered if in 1.10 ‘A’ was marked)

3.1.1 Can a diagnosis be made other than through a genetic test?

No & (continue with 3.1.4)

Yes 2

Clinically 2

Imaging 2

Endoscopy &

Biochemistry 2

Electrophysiology &

Other (please describe)

3.1.2 Describe the burden of alternative diagnostic methods to the
patient
Prenatally, the severe OI types (not OI type I) can be diagnosed by
ultrasound as fractures occur in the prenatal period. Postnatally, the
diagnosis OI can be made, based on patient and family history
and by clinical and radiological examination (skeletal overview).12,15

The burden of clinical and radiological investigations is very low as is
the case with imaging by ultrasound in the prenatal period.

The laboratory diagnosis of OI can also be made in most cases
by protein analysis: assessing the production (low or abnormal) of
collagen type I by cultured skin fibroblasts (skin biopsy). However,
not all patients with OI show abnormalities of collagen type I.
Furthermore, the underlying genetic cause is not detected, which
makes this technique less suitable for prenatal and unsuitable for pre-
implantation genetic diagnosis. Lastly, blood sampling for genomic
sequencing is a less invasive procedure than a skin biopsy.8

3.1.3 How is the cost effectiveness of alternative diagnostic methods
to be judged?
With regard to the diagnosis of OI, prenatal ultrasound (OI types
II–IV) and postnatal clinical and radiological examination (all types)
are relatively cheap and effective. Protein analysis can be useful as a
first-line investigation for countries where reimbursement of mole-
cular analysis is not warranted or as a second line of investigation in
cases where molecular analysis did not detect any disease-causing
variant within COL1A1 or COL1A2 or any of the so-far identified
recessive genes.

3.1.4 Will disease management be influenced by the result of a
genetic test?

No &

Yes 2

Therapy

(please describe)

Presently, there is no cure for OI.

Prognosis

(please describe)

The severity of OI types I–V varies from relatively mild

(OI type I), to lethal (OI type II), severe (OI type III),

moderately severe (OI type IV and V). DNA analysis can

predict the clinical severity to a certain extent. This makes

the characterization of the genetic defect important.

For dominant OI, haplo-insufficiency mutations in COL1A1

are usually associated with a mild phenotype (OI type I),

whereas the more severe phenotypes are usually caused by

sequence variants in either COL1A1 or COL1A2 that result

in a structural defect of type I collagen. With regard to

recessive OI, no patients have been reported with an OI

type I phenotype. However, intra- and interfamilial clinical

variability is apparent in OI, increasing the difficulty in

predicting the severity of the symptoms.

Management

(please describe)

The current management of OI is interdisciplinary and

consists of fracture management, surgery and rehabilita-

tion in combination with pharmacological treatment,

namely bisphosphonate treatment and supplementation

with vitamin D and calcium, if necessary. Studies are being

performed to assess whether the underlying genetic cause

influences the response to bisphosphonate therapy. Dental

treatment, treatment for hearing loss, and prevention

of primary (e.g. basilar impression) and secondary

(e.g. problems due to general anaesthesia) complications

are also the focus of attention.15,16

3.2 Predictive Setting: The tested person is clinically unaffected
but carries an increased risk based on family history
(To be answered if in 1.10 ‘B’ was marked)

3.2.1 Will the result of a genetic test influence lifestyle and
prevention?
If the test result is positive (please describe):

Yes, a person might avoid activities with a high chance of trauma
with bone fractures as a result. Periodic audiologic evaluation might
be considered in adults.
If the test result is negative (please describe):

No.

3.2.2 Which options in view of lifestyle and prevention does a person
at-risk have if no genetic test has been done (please describe)?
None.

3.3 Genetic risk assessment in family members of a diseased person
(To be answered if in 1.10 ‘C’ was marked)

3.3.1 Does the result of a genetic test resolve the genetic situation in
that family?
Yes, it confirms the mode of inheritance (autosomal dominant or
autosomal recessive) and clarifies the recurrence risk in a future
pregnancy in case of non-affected parents with an affected child. The
recurrence risk is 25% for parents of a child affected with recessive OI
but o6% in dominant OI unless germline mosaicism is demonstrated
in the parents. The recurrence risk then depends on the percentage of
germline cells containing the mutation and is maximally 50%.8

Furthermore, genetic testing is necessary for genetic risk assessment
in other relatives.

3.3.2 Can a genetic test in the index patient save genetic or other
tests in family members?
Yes, to a certain extent. In the case of dominant OI, the parents of an
index patient will always have to be tested, as will subsequent
pregnancies. When it concerns a de novo dominant mutation (parents
were both tested and did not harbour the mutation) in an index patient
with OI type I, other family members do not need to be tested. When it
concerns a severe OI phenotype (not OI type I) in the index patient,
and the parents were both tested and did not harbour the mutation,
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a recurrence risk in a future pregnancy exists (o6%) due to the
possibility of germline mosaicism. As such, prenatal diagnosis is possible.
Other family members do not need to be tested. However, in the case of
an index patient with recessive OI, genetic testing in unaffected relatives
is indicated to determine carrier status of recessive OI.

3.3.3 Does a positive genetic test result in the index patient enable a
predictive test in a family member?
Yes.

3.4 Prenatal diagnosis
(To be answered if in 1.10 ‘D’ was marked)

3.4.1 Does a positive genetic test result in the index patient enable a
prenatal diagnosis?
Yes.

4. IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING

Please assume that the result of a genetic test has no immediate medical
consequences. Is there any evidence that a genetic test is nevertheless
useful for the patient or his/her relatives? (Please describe).

Genetic testing has an additive value in confirming the clinical
diagnosis of OI in case of suspicion of NAI but is not always
necessary, as the diagnosis can be made based on clinical/radiological
examinations whereas a positive genetic test result does not exclude
NAI. Genetic testing allows prognostic evaluations to some extent and
is the prerequisite for prenatal testing, preimplantation genetic
diagnosis and genetic risk calculation in relatives.
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