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Abstract
Osteogenesis imperfecta (OI) is typically caused by mutations in type 1 collagen genes, but in
recent years new recessive and dominant forms caused by mutations in a plethora of different
genes have been characterized. OI type V is a dominant form caused by the recurrent (c.-14C>T)
mutation in the 5′UTR of the IFITM5 gene. The mutation adds 5 residues to the N-terminus of the
IFITM5 but the pathophysiology of the disease still remains to be elucidated. Typical clinical
features present in the majority of OI type V patients include interosseous membrane calcification
between the radius and ulna, and the tibia and fibula, radial head dislocation and significant
hyperplastic callus formation at the site of fractures. We report a 5 year-old child with clinical
features of OI type III or severe OI type IV (characteristic facies, grey sclerae, typical fractures)
and absence of classical features of OI type V with a de novo recurrent IFITM5 mutation
(c.-14C>T), now typical of OI type V. This highlights the variability of OI caused by IFITM5
mutations and suggests screening for mutations in this gene in most cases of OI where type 1
collagen mutations are absent.
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Introduction
Osteogenesis Imperfecta (OI; OMIM 166200, 1666210, 259420, and 166220) is a
genetically and clinically heterogeneous disorder of bone and connective tissue
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characterized by low bone mass, density, and strength leading to fragility fractures and
deformities. Originally, Sillence et al. classified OI into four distinct phenotypes (1).
Identification of new genetic causes of OI over the last decade has resulted in an expanded
classification, which includes eight phenotypes based on the involved genes (2,3). In the
year 2000, Glorieux et al. described OI type V as a clinically distinct entity distinguished by
the frequent occurrence of hyperplastic callus following fracture or surgery, the presence of
bilateral radial head dislocation, ossification of the interosseous membranes between both
the radius and ulna and the tibia and fibula, and radiodense metaphyseal bands adjacent to
growth plates. Type V patients typically do not have discoloration of sclerae or
dentinogenesis imperfecta (DI) (4). Recently, a single recurrent heterozygous mutation
(c.-14C>T) in the 5′ UTR of the IFITM5 gene has been shown to be the cause of OI type V
in four different cohorts, but the patients demonstrate high phenotypic variability (5–8). The
role of IFITM5 in bone development and maintenance is still only beginning to be
uncovered (9–11). We now report a case of OI which phenotypically resembled OI type III
or a severe form of type IV, but upon exome sequencing, the recurrent IFITM5 mutation of
OI type V was uncovered.

Case Report
We report a 5 ½ year old Hispanic female with OI originally classified as type III/IV. She
was born to a 28 year old female by full term spontaneous vaginal delivery. The mother has
had one miscarriage in the past. Her birth weight was 5 lbs. 13 oz. Prenatally, there was
concern that she was small for gestational age or had intrauterine growth restriction. Her
mother underwent amniocentesis that showed normal karyotype of the fetus. At birth, her
weight was at the 5th percentile, length below the 5th percentile, and head circumference was
at the 25th percentile. Shortly after birth, bilateral ulnar deviation of the wrists and
prominence of the right radial styloid process with an abnormal junction between the hand
and the ulna/radius were noted. There was normal range of motion at elbows, wrists, knees,
or ankles. She had normal carrying angles at the elbows. Her muscle tone, bulk and deep
tendon reflexes were normal at birth in all four extremities. The rest of her examination was
unremarkable and she passed the neonatal hearing screen. Given the history of fussiness on
handling and the deformity on examination, a skeletal survey (Figure 1) was performed
which revealed multiple bilateral posterior rib fractures, bowing deformities of both
forearms, and non-displaced fractures at the left ulna and proximal right humeral shaft.
There was no evidence of any vertebral body abnormalities.

There is no family history of OI or other skeletal diseases, and the parents are not
consanguineous by report (Figure 2A).

Currently, at 5 ½ years, her height and weight are both below the 3rd percentiles. She has the
classic triangular facies seen in OI, grey sclerae, midfacial hypoplasia and hypotonia of the
limbs. There is absence of rhizomelia (as characterized in OI type VII) (12) or problems
with supination/pronation (as characterized in OI type V) (4), and she has normal hearing.
She has had multiple dental caries but no evidence of dentinogenesis imperfecta.

Her past medical history is significant for eczema and multiple low trauma/no trauma
fractures of long bones. Given the early onset of fractures and the other clinical features, she
was clinically diagnosed as OI type III or a severe form of OI type IV.

Over the years, she has received physical therapy, DXA scans, pulmonary function tests and
hearing screen as part of the Linked Clinical Research Center (LCRC) - longitudinal study
of osteogenesis imperfecta.

Grover et al. Page 2

J Bone Miner Res. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Radiological examination (Figure 3) shows generalized low bone density and rows of
retained calcified cartilage at metaphyses due to bisphosphonate therapy. There has been no
evidence of hyperplastic callus formation despite multiple fractures over the years,
interosseous membrane calcification or radial head dislocation. There have been no vertebral
compression fractures noted.

DXA scan (Hologic Delphi-A version12.1) shows a total body bone mineral density (BMD)
z-score of −1.8 at 4 years and −1.5 at 5 years of age. We do not have DXA scans prior to the
start of treatment as bisphosphonate therapy was started at 1 month of age and at the time
the patient was unable to lie still for the duration of the scan without sedation. Patient’s 2nd

metacarpal cortical thickness was within 1 standard deviation at ages 1, 2 and 4 years.

Laboratory analyses were done at regular intervals from 1 month to 5 ½ years of age which
showed normal serum calcium (10.3± 0.25 mg/dl), phosphorus (4.4 ± 0.9 mg/dl), intact
parathyroid hormone (23.8 ± 10.6 pg/ml), 25 OH-Vitamin D (44 ± 13 ng/ml), 1, 25 (OH)2
Vitamin D (56 ± 11 ng/ml) and osteocalcin (27.8 ±3.8 ng/ml) levels. She had elevated serum
alkaline phosphatase (598 ± 200 U/L) and urine N-telopeptide/creatinine ratio (544± 228
nM bone collagen equivalent/mM creatinine) at the time of healing of an acute fracture.

The patient was started on bisphosphonate therapy at 1 month of age. She has been treated
with IV pamidronate from 1 month to 3 years of age (9 mg/kg/year) followed by IV
zoledronic acid (0.10 mg/kg/year) after 3 years of age. She has also received supplemental
calcium and vitamin D orally. She has tolerated the therapy well.

Materials and Methods
Exome Sequencing

Exome sequencing and analysis were conducted as previously described (13). Briefly,
exomes were captured on Nimblegen’s SeqCap EZ V2.0 library, and sequencing was
conducted on Illumina HiSeq2000. Reads were aligned with BWA (Burrows-Wheeler
Aligner) to human reference genome GRCh37/hg19 and locally realigned with GATK
(Genome Analysis Toolkit) around potential INDELs. SNPs were called using Samtools
Pileup (version 0.1.17) (14) and short indels were called using Samtools (14), Atlas-INDEL
(15), and GATK (16). Variants were annotated with ANNOVAR (17); protein-impacting
variants that were rare (minor allele frequency <5%) or novel were preferentially explored.

Sanger sequencing
Amplicons were generated using 1 ng/microliter of genomic DNA using TaqMan
polymerase (ABI, Life Technologies, Carlsbad, CA) using the manufacturer’s protocol with
an annealing temperature of 60 °C and an amplification of 1 minute. Primers used were
forward: 5′-AGGGCGACAGGGCTATAAGTGAG-3′ and reverse: 5′-
GAAGCCGAGGCAACACAGATTCAGGTAG-3′. Products were verified by agarose gel
then sequenced by Sanger sequencing using the same primers at Beckman Coulter
Genomics.

Results
DNA sample from the patient was obtained after obtaining informed consent. Investigation
was approved by the local ethics committee. Genomic DNA was extracted from peripheral
blood by standard techniques. We performed a SNP array which did not identify any regions
of homozygosity suggestive of absence of consanguinity. This was consistent with the
family history. Genomic DNA was sequenced for the known genes of OI, and no mutations
were identified in the coding regions and exon-intron boundaries of the following genes:

Grover et al. Page 3

J Bone Miner Res. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



COL1A1, COL1A2, CRTAP, LEPRE1, PPIB, FKBP10, SERPINH1, SERPINF1, PLOD2
and SP7. Collagen studies were performed on fibroblasts and were also negative. Hence,
next we performed whole exome sequencing. We identified a heterozygous change in
5′UTR of IFITM5 (Figure 2B) which we and others have previously reported to be a
causative gene for OI type V. This was confirmed by Sanger sequencing with a new
genomic DNA sample. The parents’ DNA was also sequenced for this gene, and we did not
identify the same mutation. Hence, we concluded that it is a de novo mutation (Figure 2C).

Discussion
Variable expressivity, both within and between affected families, is characteristic of OI type
V (5–8). This case is unusual as this mutation has been recently described in four cohorts of
OI type V patients who are characterized by hyperplastic callus formation, calcification of
interosseous membrane and radial head dislocation. Our patient lacked all of these classical
features. This fact raises several questions: Is it possible that the classical physical and
radiological features of type V OI develop later in childhood? We believe this is unlikely as
there are reports of patients as young as 2 months who have classical features of OI type V
(8). Could development of these features be prevented by an early start of bisphosphonate
therapy? We would need case control studies to evaluate this question but this appears to be
unlikely as the described cohorts include patients who were started on treatment early and
have still developed the hyperplastic callus or calcification of interosseous membranes (8).
This leads us to the third question i.e., whether this mutation is specific to OI type V. Is it
possible that this case is another example of marked phenotypic variability and that there is
no genotype-phenotype correlation in OI? It suggests that there are other factors that may
modify the expressivity of this mutation, such as polymorphisms in other genes. Given the
high phenotypic variability of OI type V and the fact that all patients have the same IFITM5
mutation, this condition would be ideal to search for modifier genes in the age of next-
generation sequencing. Based on our experience with this case, and the fact that there is no
feature present in 100% of patients in the previous reports, we suggest that all unsolved OI
patients, in spite of absence of classical type V phenotype, should be screened for this
IFITM5 gene mutation. It also remains to be determined whether mutations elsewhere in
IFITM5 might cause a skeletal phenotype, arguing for sequencing of the rest of the gene in
unsolved OI cases as a second or third tier molecular testing strategy.
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Figure 1.
A: Anteroposterior views of the chest and abdomen from skeletal survey demonstrates
multiple bilateral posterior rib fractures B: A lateral view of the thoracolumbar spine reveals
no vertebral compression fractures C: Anteroposterior view of the left forearm showing a
healing proximal ulnar fracture, an acute distal radial fracture and expansion of the distal
ulnar metaphyses consistent with previous fracture. D: Anteroposterior view of the right
humerus reveals an acute proximal metaphyseal fracture.
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Figure 2.
A Pedigree. B Alignment of the next-generation sequencing reads as viewed in the IGV
viewer from the Broad Institute. Grey lines represent the sequence reads matching to the
reference sequence, while the green letter “A” represents the recurrent IFITM5 5′UTR
mutation. C Sanger sequencing chromatograms shows the validation of the mutation
identified by next-generation sequencing.
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Figure 3.
Figure 3A: i Right forearm radiograph at 8 months of age showing distal right ulnar fracture.
Retained calcified cartilage at the metaphyses is noted, likely from bisphosphonate therapy.
ii Right hand radiograph from 6 months later showing interval healing. iii Right hand
radiograph 12 months after the occurrence of fracture shows healing at the fracture site.
Figure 3B: i Anteroposterior left leg radiograph at 2 years of age showing an acute oblique
fracture of the mid-tibial diaphysis with one-half shaft-width lateral displacement. ii Repeat
radiograph 1 month later shows an appropriate amount of callus has developed at the tibial
fracture site.
Figure 3C: i Lateral left femoral radiograph at 2.5 years of age shows an acute fracture
through the distal diaphysis of the left femur which is associated with approximately 40
degrees of posterior angulation. ii Follow up radiograph a month later shows interval callus
formation and improved angulation.
Figure 3D: i Lateral left leg radiograph at 5 years of age demonstrates an acute non-
displaced fracture involving the anterior cortex of the midshaft of the left fibula with
associated bowing deformity. ii Repeat radiograph 6 months later shows healing at the
fracture site.
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