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(Fig. 3a). There was slight irregularity of the end plate in
the radiograph of the thoraco-lumbar spine (Fig. 3b). Based
on the radiographic findings, this case was diagnosed as the
Ribbing type (mild form) of MED with chondral lesions in
bilateral knees.

Fig. 1 Anteroposterior radiographs of both knees showed a shallow
femoral trochlear groove (arrowheads) and flattening of the medial
femoral condyle. a Radiograph of the right knee showing a loose body
(arrow). b Radiograph of the left knee

Arthroscopy on both knees was performed. The articular
cartilage of the bilateral MFC was detached from the
subchondral bone. The cartilage defects extended down
more than 50% of the cartilage depth but not through to the
subchondral bone (Fig. 4). According to the International
Cartilage Repair Society (ICRS) scoring system [10], the
chondral Iesions were Grade 3. There were 2 loose bodies
(10 mm and 3 mm in diameter, respectively) in the right
knee joint and these were excised.

Osteochondral autograft was performed for the left knee
and for the right knee 22 months later, using the Osteo-
chondral Autograft Transfer System (OATSTM; Arthrex,
Naples, FL, USA). Osteochondral autograft using this
system involves obtaining small cylindrical osteochondral
grafts from the minimum-weight-bearing periphery of the
femoral condyles at the level of the patellofemoral joint
and transplanting these to the recipient sites on the weight-
bearing surfaces. Sizes of the lesions were 20 x 15 mm in
the left MFC, and 20 x 10 mm in the right MFC. For the
left knee, 6 osteochondral plugs 6 mm in diameter were
harvested from the minimum-weight-bearing periphery of
the ipsilateral patella-femoral joint and transplanted to the

Fig. 2 Tl-weighted magnetic resonance imaging (MRI) with fat
suppression showed an irregular joint surface corresponding to the
articular cartilage of the bilateral medial femoral condyle (arrows).

Fig. 3 a Radiograph of the hip
joints showed flattening of the
femoral head and short neck.

b There was slight irregularity
of the end plate in the
radiograph of the thoraco-
lumbar spine
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a Coronal MRI of the right knee. b Sagittal image of the right knee.
¢ Sagittal image of the left knee. d Coronal image of the left knee
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Fig. 4 Arthroscopy showed the
chondral lesions of the medial
femoral condyle of both knees.
a Chondral lesion in the right
knee. b Chondral lesion in the
left knee

Fig. 5 a Intraoperative
arthroscopic image of the
recipient site of the right knee
after osteochondral autograft.
b Second-look arthroscopic
image of the recipient site of the
left knee 24 months after the
surgery. The gaps surrounding
the grafts were filled with
fibrous cartilage-like tissue and
the surface of the grafted area
was totally smooth

chondral defect of the MFC. For the right knee, 4 osteo-
chondral plugs 7 mm in diameter were transplanted to the
chondral defect of the MFC (Fig. 5a). Bone plugs har-
vested from the host site were transplanted to the recipient
site in exchange.

Postoperatively, passive range of motion exercise of the
operated knee was allowed 3 days after the surgery, partial
weight-bearing was allowed 2 weeks after the surgery, and
full weight-bearing was allowed 12 weeks after the surgery.

Twenty-two months after the surgery, second-look
arthroscopy was performed for the left knee at the same
time as the osteochondral transplantation for the right knee.
The gaps surrounding the grafts were filled with fibrous
cartilage-like tissue and the surface of the grafted area was
totally smooth. Palpation with a probe showed no insta-
bility of the grafts and the same elasticity as normal car-
tilage. According to ICRS cartilage repair assessment [10],
the cartilage repair was graded as Grade I (12/12 points,
normal) (Fig. 5b).

Ten years after the surgery on the left knee and 8 years
after that on the right, the patient walked without limitation
with no pain and had full range of motion in both knees.
Radiographs at final follow up showed no apparent pro-
gression of osteoarthritis in either knee (Fig. 6). T1-
weighted MRI with fat suppression 10 years after surgery
of the right knee and 8 years after surgery of the left knee
showed smooth cartilage surface and the same signal
intensity of the grafted bone as the surrounding bone in the
MEFC (Fig. 7). VAS for activities of daily living was
90 mm for the right knee and 87 mm for the left knee.

Fig. 6 Radiographs showed no apparent progression of osteoarthritis
in the bilateral knee. The medial joint spaces were preserved.
a Anteroposterior radiograph 8 years after surgery of the right knee.
b Anteroposterior radiograph 10 years after surgery of the left knee

The patient was informed that data from the case would
be submitted for publication, and gave her consent.

Discussion

MED is a form of osteochondrodysplasia characterized by
abnormal epiphyseal growth with almost normal findings in
the spine [1]. Classically, MED has been divided into the
severe form (Fairbank type) [11] and the mild form
(Ribbing type) [2]. Diagnostic criteria of MED are not
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Fig. 7 Tl-weighted MRI with fat suppression after the surgery
showed a smooth cartilage surface (arrowheads) and the same signal
intensity of the grafted bone as the surrounding bone in the medial
femoral condyle (arrows). a Sagittal image of the right knee.
b Sagittal image of the left knee

clear and diagnosis of MED for a patient after epiphyseal
closure is often difficult. According to Eguchi, MED is
diagnosed radiographically when there are abnormalities of
the epiphysis in more than two joints with almost normal
findings in the spine [12]. It was known that, although there
are typical changes on the radiograph of the knee joint
before epiphyseal closure, the changes are no longer dis-
cernible in the adult [13]. According to Miura et al. [4]
after epiphyseal closure the most characteristic finding in
the knee is a shallow femoral trochlear groove.

The radiographs of this patient showed a shallow fem-
oral trochlear groove and slight osteoarthritis (subchondral
sclerosis) in the knee despite her young age. They also
showed flattening of the femoral heads and almost normal
findings of the thoraco-lumbar spine with only slight
irregularity of the end plate. The patient was therefore
diagnosed with the Ribbing type (mild form) of MED.
Although we did not have genetic evidence and obvious
family history of the patient, it was possible to diagnose the
patient with MED radiographically. Genetic screening is
not indispensable to diagnosis of MED, because MED is
not caused by a specific gene. According to Jakkula et al.
[14] mutation analysis resulted in identification of 6 known
genes in only 34% of patients and patients with MED had
family history in only 40% of patients. Early osteoarthritis
of the knee occurs in many patients of MED. It has been
reported that gene mutations, for example of the cartilage
oligomeric matrix protein (COMP) gene or matrilin3
(MATN3) can be the cause [15, 16]. Therefore, it is
speculated that early osteoarthritic change or chondral
lesions, for example OCD, occur because of abnormalities
of the extracellular matrix. :

Osteochondral autograft is one of the surgical proce-
dures performed for patients with localized full-thickness
cartilage defect in weight bearing synovial joints [6-9, 171,
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and has been used on OCD and traumatic cartilage defect.
Hangody and Fiiles reported 10-year follow up results of
autologous osteochondral grafting in the knee. According
to them, results for 92% of patients after femoral condylar
osteochondral transplantation were shown to be good to
excellent [7]. There is concern about fragility of the
extracellular matrix of the donor graft when performing
osteochondral autografts in patients with MED. Thus, TKA
and correction osteotomy have usually been performed for
deformity and destruction of the knee [4, 5]. Our patient
was young, her activity level was high, the alignment of the
bilateral knees was almost normal, and the diagnosis was
the mild form (Ribbing type) of MED. Although the car-
tilage defect was full-thickness in the weight-bearing area,
the lesion was localized and no other degenerative lesion
was observed inside the knee. Concomitant high tibial
valgus osteotomy has been one option for reducing stress to
the medial compartment and transplanted grafts. However,
there was concern that the valgus alignment after the
osteotomy might progress in future and, as a result, could
have an adverse effect on the hip joints or ankle joints. No
report was found of surgical treatment for early stage
chondral lesion of the knee in a patient with MED, nor any
report of osteochondral autograft for a chondral lesion with
MED. Taking these risks and the lower invasiveness of the
procedure into account, the osteochondral autograft alone
was chosen for treatment of the chondral defects in this
patient.

The long-term clinical and radiographical results of the
patient were excellent, although an attentive and further
long-term follow up is required because results of osteo-
chondral autograft for a chondral lesion with MED have
not previously been clear. In conclusion, osteochondral
autograft can be one of the viable options for treating a
regional chondral lesion of the knee even in a patient with
MED. Careful preoperative assessment of the clinical
features of the knee and the adjacent joints including hip
and ankle joints is mandatory before performing this
procedure.
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Introduction

Human chromosome 14q32.2 region carries a cluster of
imprinted genes including protein coding paternally expressed
genes (PEGs) such as DLKT and RTLI (alias PEGII) and non-
coding maternally expressed genes (MEGS) such as MEG3
(alias GTL2) and RTLIas (RTLI antisense encoding microR-
NAs)."? The 14q32.2 imprinted region also harbors two
differentially methylated regions (DMRs), i.e., the germline-
derived primary DLKI-MEG3 intergenic DMR (IG-DMR)
and the postfertilization-derived secondary MEG3-DMR.'?

*Correspondence ,to : suto 'Vu Ogata Ema:l tomogata@hama med acjp
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Both DMRs are hypermethylated after paternal transmis-
sion and hypomethylated after maternal transmission in the
body, whereas in the placenta the IG-DMR alone remains as
a DMR and the MEG3-DMR is rather hypomethylated.? We
have previously revealed that the hypomethylated IG-DMR
and MEG3-DMR of maternal origin function as imprinting
control centers in the placenta and the body, respectively, and
that the IG-DMR functions hierarchically as an upstream reg-
ulator for the methylation pattern of the MEG3-DMR on the
maternally inherited chromosome in the body, but not in the
placenta.?
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Consistent with these findings, paternal uniparental disomy
14 [upd(14)pat] results in a unique phenotype characterized by
facial abnormality, small bell-shaped thorax with coat hanger
appearance of the ribs, abdominal wall defects, placentomegaly
and polyhydramnios.>* We have studied multiple patients with
upd(14)pat and related conditions, such as epimutations of the
maternally derived DMRs and various types of microdeletions
involving the maternally inherited imprinted region, suggesting
that markedly increased RTLI expression is the major underlying
factor for the development of upd(14)pat-like phenotype.? The
notion of excessive R7LI expression is primarily based on the
following mouse data indicating a trans-acting repressor function
of Rtllas-encoded microRNAs for Re/l expression: (1) targeted
deletion of the maternally derived IG-DMR causes maternal to
paternal epigenotypic switch of the imprinted region, with ~4.5
times rather than -2 times of R¢/I expression as well as -2 times
of DIkl expression and nearly absent Megs expression, in the pres-
ence of two functional copies of Pegs and no functional copy of
Megs® and; (2) targeted deletion of the maternally derived Reflas
results in 2.5-3.0 times of R¢/I expression, in the presence of a
single functional copy of R#/1.¢ Similarly, in the human, typi-
cal upd(14)pat phenotype is observed in patients with epimu-
tations that are likely associated with markedly increased RTLI
expression because of the combination of two functional copies
of RTLI and no functional copy of RTLIas, whereas relatively
mild upd(14)pat-like phenotype is found in patients with mater-
nally inherited microdeletions involving RTLIas that are likely
accompanied by moderately elevated RTLI expression because
of the combination of a single functional copy of R7ZI and no
functional copy of RTL1as.?

Human imprinting disorders are usually associated with
placental abnormalities. For example, Beckwith-Wiedemann
syndrome (BWS) and upd(14)pat are associated with placento-
megaly,*” and Silver-Russell syndrome is accompanied by hypo-
plastic placenta.? Similarly, mouse imprinting aberrations also
usually affect placental growth and development.’ In agreement
with this, virtually all the imprinted genes studied to date are
expressed in the placenta and play a pivotal role in the placental
growth and development,'® although placental structure is more
or less different between placental animals."

However, several matters remain to be clarified in upd(14)
pat and related conditions. For example, it is unknown whether
human RTLI expression is actually elevated in the absence of
functional R7LIas-encoded microRNAs. It is also unknown
whether D/O3 is a PEG, although mouse Dio3 has been shown to
undergo partial imprincing.'? In this regard, while we examined
fresh blood cells, cultured skin fibroblasts and formalin-fixed and
paraffin-embedded placental and body samples obtained from
patients with upd(14)pat-like phenotype, precise assessment
of RTLI and DIO3 expression levels was impossible because of
extremely low R7TLI and DIO3 expression levels in fresh blood
cells and cultured skin fibroblasts and poor quality of RNAs
extracted from paraffin-embedded tissues.*® In addition, while
cSNP genotyping has demonstrated paternal DLKI and R7LI
expression and maternal MEG3 expression in the body and the
placenta,® no informative ¢cSNP data showing paternal DIO3
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expression have been obtained.*? Furthermore, although stan-
dard light microscopic (LM) examinations have been performed
using formalin-fixed and paraffin-embedded placental samples,
fine placental histopathological studies, such as electron micro-
scopic (EM) examinations and immunohistochemical (IHC)
examinations, remain to be performed.

To examine these unresolved matters, fresh placental tissues
are highly useful, because precise quantitative real-time PCR
(g-PCR) analyses and EM studies can be performed with fresh
placentas. Thus, we performed g-PCR analyses and EM stud-
ies, as well as IHC studies with RTLI antibodies produced by
ourselves and commercially available DLK1 and DIO3 antibod-
ies, using fresh placental samples obtained from two previously
reported patients with prenatally diagnosed upd(14)pat.* We
also performed IHC studies using formalin-fixed and paraffin-
embedded placental samples obtained from a previously reported
patient with a microdeletion involving DLK1, but not RTLI
and DJO3,% to compare the placental protein expression levels
between upd(14)pat and the microdeletion. Furthermore, we
also studied a hitherto unreported patient with an unbalanced
translocation involving the 14q32.2 imprinted region, to obtain
additional data regarding the R7LI-RTLIas interaction and the
primary factor for the development of upd(14)pat phenotype.

Results

Patients and samples. This study consisted of three previously
reported patients with typical body and placental upd(14)pat
phenotype and a normal karyotype (cases 1-3),'>" and a new
patient with various non-specific features and a 46,XX,der(17)
t(14;17)(q31;pl3) karyotype accompanied by three copies of the
distal 14q region and a single copy of the terminal 17p region
(case 4) . Clinical phenotypes of cases 1-4 are summarized in
Table S1. In brief, cases 1 and 2 were suspected to have upd(14)
pat phenotype including bell-shaped thorax by prenatal ultra-
sound studies performed for polyhydroamnios, and were con-
firmed to have upd(14)pat by microsatellite analysis after birth.
Case 3 was found to have typical upd(14)pat phenotype during
infancy and was shown to have a maternally derived microdele-
tion affecting the chromosoine 14q32.2 imprinted region. Case
4 had growth failure, developmental delay, multiple non-specific
anomalies, and omphalocele. There was no history of polyhy-
dramnios or placentomegaly. Thus, except for omphalocele, case
4 had no upd(14)pat-like phenotype. The parental karyotype
was normal, indicating a de novo occurrence of the unbalanced
translocation.

We obtained fresh placental samples immediately after birth
from prenatally diagnosed cases 1 and 2 for molecular studies
using genomic DNA and RNA, and fresh leukocyte samples
from cases 1, 2 and 4 and their parents for molecular studies
using genomic DNA. The fresh placental samples of cases 1 and
2 were also utilized for histopathological examinations, together
with formalin-fixed and paraffin-embedded placental samples of
case 3. For controls, we obtained three fresh placentas at 37 weeks
of gestation, and fresh leukocytes from three adult subjects; for
molecular studies using placentas, we prepared pooled samples
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consisting of an equal amount of DNA or RNA extracted from
each placenta.

Molecular studies in cases 1 and 2. We performed micro-
satellite analysis for 19 loci on chromosome 14 and bisulfite
sequencing for the IG-DMR (CG4 and CG6) and the MEG3-
DMR (CG7), using placental and leukocyte genomic DNA
samples; while microsatellite analysis had been performed for 15
lociin case 1 and 16 loci in case 2, only leukocyte genomic DNA
samples were examined in the previous study.® Consequently,
we identified two peaks for DI45609 and single peaks for the
remaining loci in case 1 (the combination of paternal heterodi-
somy and isodisomy), and single peaks for all the examined
loci in case 2 (apparently full paternal isodisomy) (Table S2).
Furthermore, no trace of maternally inherited peak was identi-
fied in both placental and leukocyte genomic DNA samples (Fig.
1). Bisulfite sequencing showed that both the IG-DMR and the
MEG3-DMR were markedly hypermethylated in the leukocytes
of cases 1 and 2, whereas in the placental samples the IG-DMR
was obviously hypermethylated and the MEG3-DMR was grossly
hypomethylated to an extent similar to that identified in control
placentas (Fig. 2). Furthermore, q-PCR analysis for placental
RNA samples revealed that DLKI, RTLI, and DIO3 expression
levels were 3.3 times, 6.1 times and 1.9 times higher in the pla-
cental samples of case 1 than in the control placental samples,
respectively, and were 3.1 times, 9.4 times and 1.7 times higher
in the placental samples of case 2 than in the control placental
samples, respectively (Fig. 3A). By contrast, the expressions of all
MEGs examined were virtually absent in the placental samples of
cases 1 and 2. PCR products were sufficiently obtained after 30
cycles for the fresh placental as well as leukocyte samples, con-
sistent with high quality of DNA and RNA obtained from fresh
materials.

Molecular studies in case 3. Detailed molecular findings
have already been reported previously.? In brief, microsatellite
analysis revealed biparentally derived homologs of chromosome
14, and a deletion analysis demonstrated a maternally inher-
ited 108,768 bp microdeletion involving DLKI, the IG-DMR,
the MEG3-DMR, and MEG3, but not affecting RTLI/RTLIas.
Since loss of the DMRs causes maternal to paternal epigeno-
typic alteration,? it is predicted that case 3 has a single func-
tional copy of DLKI and two functional copies of RTLI and
DIO3, as well as no functional copy of RTL1as and other MEGs.
Bisulfite sequencing showed that both the IG-DMR and the
MEG3-DMR were markedly hypermethylated in leukocytes,
whereas in the formalin-fixed and paraffin-embedded placental
samples the IG-DMR was obviously hypermethylated and the
MEG3-DMR was comprised of roughly two-thirds of hyper-
methylated clones and roughly one-third of hypomethylated
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ples indicated positive PEGs (especially RTLI) expression and
absent MEGs expression. For the formalin-fixed and paraffin-
embedded placental samples, PCR products could be obtained
only after 35 cycles, because of poor quality (severe degrada-
tion) of DNA and RNA.

Molecular findings in case 4. We examined the presence or
absence of the 14q32.2 imprinted region on the der(17) chro-
mosome (Fig. 4). Oligoarray comparative genomic hybridiza-
tion (CGH) indicated three copies of a ~19.6 Mb 14q31—qter
region, and FISH analysis for four segments around the chro-
mosome 14q32.2 imprinted region delineated positive signals on
the der(17) chromosome as well as on the normal chromosome
14 homologs. This demonstrated the presence of the 14q32.2
imprinted region on the der(17) chromosome. In addition, simi-

lar oligoarray CGH and FISH analysis revealed loss of a ~455 kb
region from the distal chromosome 17p (Fig. S1).

Thus, we investigated the parental origin of the translo-
cated 14q distal region. Microsatellite analysis for DI45250 and
DI1451007 on the translocated 14q distal region delineated bipa-
rentally derived two peaks, with paternally derived long PCR
products showing larger peaks than maternally derived short
PCR products (Fig. 1; Table S2). Since short products are usually
more easily amplified than long products, this indicated paternal
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origin of the der(17) chromosome
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Placental histopathological
studies. We performed LM and
EM studies, and THC examinations
(Fig. 5). LM examinations showed
proliferated chorionic villi in cases
1-3. Capillary lumens were irregu-
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change of villous stroma, or mes-

the equal amount of e expressnon posxtlve placental cells (vascular endothellal cells and pencytes) of cases

jexpression level i is srmply doubled” in the expresswn posmve placental cells of case 1 and 2.

gamst GAPDH (mean + SE), m

enchymal dysplasia characterized

by grapelike vesicles in cases 1-3.

Although the terminal villi exhibited no definitive abnormali-
ties in the LM studies, EM examinations revealed swelling of
vascular endothelial cells and hypertrophic change of pericytes
in the terminal villi, together with narrowed capillary lumens, in
cases 1 and 2.

IHC examinations identified RTL1, DLK1 and DIO3 protein
expressions in the vascular endothelial cells and pericytes of cho-
rionic villi, but not in the cytotrophoblasts, syncytiotrophoblasts,
and stromal cells, in the placentas of cases 1-3 and in the control
placenta. The PEGs protein expression level was variable in the
control placenta, with moderate DLK1I expression, high RTL1
expression, and low DIO3 expression. Furthermore, DLK1 pro-
tein expression was apparently stronger in the placentas of cases
1 and 2 than in the placenta of case 3 and the control placenta,
RTLI protein expression was obviously stronger in the placen-
tas of cases 1-3 than in the control placenta, and DIO3 protein
expression was apparently similar between the placentas of cases
1-3 and the control placenta.

Discussion

We studied placental samples obtained from cases 1-3 with typi-
cal body and placental upd(14)pat phenotype. In this regard, the
microsatellite data suggest that upd(14)pat with heterodisomic
and isodisomic loci in case 1 was caused by trisomy rescue or
gamete complementation, and that upd(14)pat with isodisomic
loci alone in case 2 resulted from monosomy rescue or post-
zygotic mitotic error, although it is possible that heterodisomic
locus/loci remained undetected in case 2. Notably, there was no
trace of a maternally inherited locus indicative of the presence of
trisomic cells or normal cells with biparentally inherited chromo-
some 14 homologs in the placentas as well as in the leukocytes of
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cases 1 and 2. In addition, the microdeletion of case 3 has been
shown to be inherited from the mother with the same microdele-
tion.” These findings imply that the placental tissues as well as
the leukocytes of cases 1-3 almost exclusively, if not totally, con-
sisted of cells with upd(14)pat or those with the microdeletion.
The q-PCR analysis was performed for the fresh placental
samples of cases 1 and 2. In this context, two matters should be
pointed out. First, the proportion of vascular endothelial cells
and pericytes expressing DLK1, RTLI, and DIO3 would be some-
what variable among samples, because only a small portion of
the placenta was analyzed. This would be relevant to the some
degree of difference in the expression levels between the placental
samples of cases 1 and 2. Second, the relative proportion of vas-
cular endothelial cells and pericytes expressing DLK1, RTLI, and
DIO3 would be higher in the placental samples of cases 1 and 2
than in the control placental samples, because the placentas of
cases 1 and 2 were accompanied by proliferation of the chorionic
villi with such expression positive cells. Thus, it would be inap-
propriate to perform a simple comparison of relative expression
levels against GAPDH between the placental samples of cases
1 and 2 and the control placental samples. Indeed, although a
complex regulatory mechanism(s), as implicated for the RTLI
expression,'? is unlikely to be operating for the DLKI expres-
sion, the relative DLKI expression level was 3.3 times and 3.1
times, not 2 times, higher in the placental samples of cases 1
and 2 than in the control placental samples, respectively (Fig.
3A). Assuming that DLK] expression level is simply doubled in
expression positive cells of cases 1 and 2, it is predicted that the
relative proportion of such expression positive cells is 1.65 times
(3.3 = 2.0) and 1.55 times (3.1 + 2.0) larger in the placental sam-
ples of cases 1 and 2 than in the control placental samples, respec-
tively. Thus, the expression level against GAPDH in the equal
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amount of expression positive cells is estimated as 3.69 times (6.1
+ 1.65) increased for RTLI and 1.15 times (1.9 + 1.65) increased
for DIO3 in case 1, and as 6.06 times (9.4 + 1.55) increased for
RTLI and 1.09 times (1.7 + 1.55) increased for D/O3 in case 2
(Fig. 3B).

Thus, the expression data are summarized as follows (Fig. 6).
First, it is inferred that the relative RTLI expression level is mark-
edly (-5 times) increased in the expression positive cells of the
placentas with upd(14) pat, as compared with the control placen-
tas. This degree of elevation is grossly similar to that identified
in the body of mice with the targeted deletion of the maternally
derived IG-DMR (~4.5 times).” Such a markedly increased R7LI
expression would be explained by assuming that R7Zlas-encoded
microRNAs (e.g., miR433 and miR127) function as a repressor
for RTLI expression through the RNAI mechanism, as has been
indicated for the mouse R#/I-Rtllas interaction.'®" Second, it is
unlikely that DIO3 is solely expressed from the paternally inher-
ited allele, although it remains to be determined whether DIO3
undergoes partial imprinting like mouse D703'? or completely
escapes imprinting. In either case, the results would explain why
patients with upd(14)pat and upd(14)mat lack clinically recog-
nizable thyroid disorders,? although DIO3 plays a critical role in
the inactivation of thyroid hormones.”

This study provides further support for a critical role of exces-
sive RTLI expression in the development of upd(14) pat phenotype
(Fig. 6). Indeed, markedly (-5 times) increased RTLI expression
is shared in common by cases 1-3 with typical upd(14)pat body
and placental phenotype. In this context, it is notable that case
4 had no clinically recognizable upd(14)pat body and placental
phenotype, except for omphalocele. This would imply that a sin-
gle copy of RTLIas can almost reduce the RTLI expression dos-
age below the threshold level for the development of upd(14)pat
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phenotype by exerting a trans-acting repressor effect on the two
functional copies of R7TL1. By contrast, the relevance of DLKT to
upd(14)pat phenotype is unlikely, because case 3 exhibited typi-
cal upd(14)pat phenotype in the presence of a single functional
copy of DLKI, and case 4 showed no upd(14)pat phenotype
except for omphalocele in the presence of two functional cop-
ies of DLK]I. Similatly, if DIO3 were more or less preferentially
expressed from paternally inherited allele, the relevance of DIO3
to upd(14)pat phenotype would also remain minor, if any. Case
4 had no upd(14)pat phenotype except for omphalocele in the
presence of with two copies of DJO3 of paternal origin. It should
be pointed out, however, that the absence of MEGs expression
may have a certain effect on the development of upd(14)pat
phenotype.

The placental histological examinations revealed several
informative findings. First, DLK1, RTLI, and DIO3 proteins
were specifically identified in vascular endothelial cells and peri-
cytes of chorionic villi in the control placenta, with RTLI pro-
tein being most strongly expressed. These results, together with
abnormal LM and EM findings of such cells in cases 1-3, sug-
gest that these proteins, especially RTL1 protein, plays a pivotal
role in the development of endothelial cells and pericytes. In this
regard, it may be possible that the endothelial thickening and
resultant narrowing the capillary lumens in the terminal villi
have resulted in the dilatation of the stem to intermediate por-
tions of the chorionic villi.

Second, the degree of protein staining was well correlated with
the expression dosage of corresponding genes. In this regard,
since characteristic macroscopic and microscopic placental fea-
tures were identified in cases 1-3 who shared markedly elevated
RTLI protein expression, this is consistent with the notion that

upd(14)pat phenotype is primarily caused by the markedly
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elevated RTLI expression.? Indeed, DLK1 protein expression was
not exaggerated in case 3 with typical upd(14)pat phenotype,
and DIO3 protein expression was not enhanced in cases 1-3.
It may be possible, however, that the abnormality of placental
structures may have resulted in a difference in immunostaining
without an actual change in gene expression. This point awaits
further investigations.

Third, villous chorangiosis, stromal expansion, and mesen-
chymal dysplasia were not identified in the placental samples of
cases 1-3, although such a lesion(s) may have existed in non-
examined portions. Notably, such lesions are frequently observed
in placentas of patients with BWS."* Thus, while both upd(14)
pat and BWS are associated with placentomegaly and polyhy-
droamnios, characteristic histological findings appear to be dif-
ferent between upd(14)pat and BWS.

This study would also provide useful information on the
methylation patterns of the MEG3-DMR in the placenta. Our
previous studies using formalin-fixed and paraffin-embedded
placental samples revealed that roughly two-thirds of clones
were hypermethylated and the remaining roughly one-third of
clones were hypomethylated in case 3 as well as in the previously
reported patients with upd(14)pat (not cases 1 and 2) and epimu-
tation (hypermethylation of the IG-DMR and the MEG3-DMR
of maternal origin), and that roughly one-third of clones were
hypermethylated and the remaining roughly two-thirds of clones
were hypomethylated in control placental samples (see Fig. S2C
in ref. 2). However, this study showed that the MEG3-DMR was
grossly hypomethylated in the fresh placental samples of cases 1
and 2, with an extent similar to that identified in the fresh con-
trol placental samples. In this regard, it is notable that PCR prod-
ucts could be obtained only after 35 cycles for the formalin-fixed
and paraffin-embedded placental samples and were sufficiently
obtained after 30 cycles for the fresh placental samples. Thus,
several specific clones may have been selectively amplified in the
previous study. Furthermore, it may be possible that efficacy of
bisulfite treatment (conversion of unmethylated cytosine into
uracils and subsequently thymines) may be insufficient for the
formalin-fixed and paraffin-embedded placental samples. Thus,
it appears that the present data denote precise methylation pat-
terns of the MEG3-DMR in the placenta.

In summary, the present study provides useful clues for the
clarification of regulatory mechanism for the R7LI expression,
imprinting status of DJO3 and characteristic placental histologi-
cal findings in patients with upd(14)pat and related conditions.
Further studies will help improve our knowledge about upd(14)
pat and related conditions.

Methods

Ethical approval. This study was approved by the Institutional
Review Board Committees of each investigator, and performed
after obtaining written informed consent.

Primers. Primers utilized in this study are summarized in
Table S3.

Sample preparation for molecular studies. Genomic DNA
samples were obrtained from leukocytes using FlexiGene DNA
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Case 1 Case 2 Case 3

ontrof

LM

DLK1

RTL1

36 wks 37 wks 30 wks 37 wks
970 g 1,384 g 642 g 480 g
(198%)  (262%) (163%) (91%)

,Flgures Hlstologlcalexammatxons LM Ilght mncroscopncexamma- g
tions; EM electron mlcroscop:c examlnatlons, DLK] RTL nd DIO3

~for placental wetght‘m are descnbed

Kit (Qiagen) and from placental samples using ISOGEN
(Nippon Gene). Transcripts of DLKI, MEG3, RTLI, MEG8
and DIO3 were isolated with ISOGEN (Nippon Gene), and
microRINAs were extracted with mirVana™ miRNA Isolation Kit
(Ambion). After DNase treatment, cDNA samples for DLK],
MEG3, MEG8 and DIO3 were prepared with oligo(dT) primers
from 1 pg of RNA using Superscript IIT Reverse Transcriptase
(Invitrogen), and those of microRNAs were synthesized from 300
ng of RNA using TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems). For RTLI, 3'-RACE was utilized to pre-
vent amplification of RTLIas; cDNA was synthesized from 1 pg
of RNA using Superscript III Reverse Transcriptase with a long
primer hybridizing to poly A site and introducing the adaptor
sequence. Lymphocyte metaphase spreads for FISH analysis were
prepared from leukocytes using colcemide (Invitrogen).
Molecular studies. Microsatellite analysis for 19 loci on
chromosome 14, methylation analysis for the IG-DMR and
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assay 1D: 001028 for miR433 and 000452
for miR127). For RTLI, q-PCR analy-

DLKT
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MEGSE/
MEG3 RTlL1as STORNAS/

miRNAs

MEGS RTL1as MEGY

DIO3 sis was performed with a forward primer

hybridized to the sequence of R7LI and

pioz | @ reverse primer hybridized to the adap-

tor sequence. Fifty nanongrams of cDNA
in a 50 pl reaction mixture contacting 2 x

SnoRNAs/ KOD FX buffer (Toyobo), 2.0 mM dNTP

miRNAs
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DLKT
18&2 e

RTLY

IG-DMR MEGS3-DMR
DLKT

(RTLT

mixture (Toyobo), KOD FX (Toyobo),
SYBR Green I (Invitrogen), and primer set
for RTLI were subjected to the ABI PRISM
7000. Data were normalized against
GAPDH (catalog No: 4326317E) for
DLKI, MEG3, MEG8, RTLI, and DIO3,

DIO3

Case 3

MEGS!
MEG3 RTL1assnORNAS/

miRNAS

MEGS RTLTasg,%%%AS/
miRNAs

and against RNU48 (assay ID: 0010006)
for microRNAs. The expression studies were
performed three times for each sample.
Oligoarray CGH was performed using 1 x
IM format Human Genome Array (Catalog
No G4447A) (Agilent Technologies).

DLKT RTL7 DIO3
i <
P P
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DIO3
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Histopathogical ~analysis. Placental
samples were fixed with 20% buffered
formaldehyde at room temperature and
embedded in paraffin wax according to
standard protocols for LM examinations.
Then, sections of 3 wm thick were stained
with hemartoxylin-eosin. For EM exami-
nations, fresh placental tissues were fixed
with phosphate-buffered 2.5% glutaralde-
hyde, postfixed in 1% osmium tetroxide,

DIO3

snoRNAs!
miRNAs

and embedded in Epon 812 (catalog No.

Flgure 6 Schematlc representatxon of the chromosome 14q32 2 nmpnnted reglon in acontrol.
_subject, cases 1 and 2 Wlth upd(14)pat case3witha m:crodeletnon (md:cated by stippled
“rectangles) and case 4 wnth two copies of the lmprmted reglon of paternal origin anda single
copy of the |mpr|nted reglon -of maternal orlgln This ﬁgure has been constructed using the pres-
: ent results and the previous data 23p, paternally. denved chromosome, M, maternally derived
ichromOSOme inled and open circles represent hypermethylated and hypomethylated DMRs, -
respectlvely, smce the MEG3 DMRiis grossly hypomethylated nd regarded as non-DMRin the
‘placenta, itis pamted in gray. PEGs (DLKT.and RTLT) are shown.in blue, MEGs (MEGB RTLIas, MEGS8,
snoRNAs and m/RNAs) inred, a probably non- lmpnnted gene (DIO3) in black, and non- expressed
genesin wh:te Thick arrows for RTL1 in cases 1-3 represent increased RTL] expressron that is
ascnbed to loss of funct:onal microRNA- -containing RTLIas as a repressor for RTL1. o

R3245, TAAB). Semithin sections were
stained with 1% methylene blue, and ulera-
thin sections were double-stained with ura-
nyl acetate and lead citrate. Subsequently,
they were examined with a Ninhon Denshi
JEM-1230 electron microscope.

For THC analysis, sections of 3 pm
thick were prepared by the same methods
utilized for the LM examinations, and
were examined with rabbit anti human

the MEG3-DMR, and FISH analyses for the 14q32.2 region
were performed as described previously.?? For FISH analysis of
17p13.3, a 17p sub-telomere probe and an RP11-411G7 probe for
the 17p13.3 region were utilized, together with a CEP17 probe for
the 17p11.1 region utilized as an internal control. The 17p sub-
telomere probe was detected according to the manufacture’s pro-
tocol, the RP11-411G7 probe was labeled with digoxigenin and
detected by rhodamine anti-digoxigenin, and the CEP17 control
probe was labeled with biotin and detected by avidin conjugated
to fluorescein isothiocyanate. Quantitative real-time PCR analy-
sis was performed on an ABI PRISM 7000 (Applied Biosystems)
using TagMan real-time PCR probe primer mixture for the fol-
lowing genes (assay No: Hs00171584 for DLKI, Hs00292028
for MEG3, Hs00419701 for MEGS and Hs00704811 for DIO3;
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DLKI1 polyclonal antibody at 1:100 dilu-
tions (catalog No 10636-1-AP, ProteinTech Group), rabbit anti
human RTL1 polyclonal antibody at 1:200 dilutions, and rabbit
anti human DIO3 polyclonal antibody at 1:50 dilutions (cata-
log No ab102926, abcam); anti human RTLI polyclonal ant-
body was produced by immunizing rabbits with the synthesized
RTLI peptide (NH2-RGFPRDPSTESG-COOH) in this study.
Sections were dewaxed in xylene and rehydrated through graded
ethanol series and, subsequently, incubated in 10% citrate buffer
(pH 6.0) for 40 min in a 98°C water bath, for antigen retrieval.
Endogenous peroxidase activity was quenched with 1% H,O, and
100% methanol for 20 min. To prevent non-specific background
staining, sections are incubated with Protein Block Serum-Free
(Dako corporation) for 10 min at room temperature. Then, sec-
tions were incubated overnight with primary antibody at 4°C
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and, subsequently, treated with the labeled polymer prepared by
combining amino acid polymers with peroxidase and anti- rabbit
polyclonal antibody (Histofine Simple Stain MAX PO MULTIL,
Nichirei). Peroxidase activities were visualized by diaminoben-
zidine staining, and the nuclei were stained with hematoxylin.
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TO THE EDITOR:

The lethal form of osteogenesis imperfecta (type 1I O, OMIM
#166210) is a common skeletal dysplasia that occurs during the
perinatal period. Most cases are sporadic and attributable to
heterozygous mutations of type 1 collagen genes (COLIAI and
COLI1A2). Therefore, type IT Ol is not likely to occur in siblings with
normal parents; however, the occurrence of type II OI has been
reported in 7—-8% of siblings [Byers et al., 1988]. This is attributed in
part to the autosomal recessive (AR) inheritance of OI because
several genes encoding the enzymes involved in collagen post-
translational modifications cause type II OI as AR traits [Barnes
et al., 2006; Morello et al.,, 2006; Cabral et al., 2007; van Dijk et al.,
2009; Lapunzina et al., 2010]. The occurrence of type Il OI in
siblings is also attributed to parental mosaics of type 1 collagen gene
mutations [Byers et al., 1988; Cohen-Solal et al., 1991]. Indeed,
several reports have described fatal outcomes from mosaic muta-
tionsin OI [Cohnetal., 1990; Constantinou etal., 1990; Wallis et al.,
1990; Mottes et al., 1993; Cohen-Solal et al., 1994].

Here, we report on a family with recurrence of type Il Ol due to a
COLIAI mosaic mutation in the mother. A 25-year-old Japanese
woman reported a therapeutic abortion of her first pregnancy at
20 weeks of gestation due to shortening and bending of the long
bones in her fetus. Neither tissue specimens nor radiographic
images were obtained from the terminated fetus. She was referred
to us at 17 weeks of gestation of her second pregnancy because
bowing and shortening of the femora were found again in her
second fetus. The mother was short in height (147 cm, —2.2 SD),
but had no history of bone fracture and no clinical features of OI,
such as blue sclera, hearing impairment, and abnormal tooth
development. Her marriage was not consanguineous. Ultrasonog-
raphy revealed a fetal biparietal diameter of 40.1 mm (+40.70 SD);
lengths of the curved femur and humerus of 16.2 mm (—3.1 SD)
and 14.2mm (—3.8 SD), respectively; a narrowed thorax with
short ribs; defective calvarial ossification evidenced by easy skull

© 2012 Wiley Periodicals, Inc.
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compression with an ultrasound probe (Fig. 1A); and unusually
well-defined cerebral gyri.

After genetic counseling with a tentative diagnosis of severe OI,
the mother underwent a termination of the pregnancy at 19 weeks
of gestation. Postmortem radiographs revealed beaded ribs, short-
ened broad and crumpled long bones, and nonossified calvaria,
which warranted a diagnosis of type IIA OI (Fig. 1B). The parents
did not permit an autopsy, but they gave consent for genetic
examination of the umbilical cord blood and fetal skin sampled
at the termination.

We extracted genomic DNA from the umbilical cord blood of the
affected fetus and the peripheral blood of the unaffected parents by
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using a QIAamp DNA Mini Kit (Qiagen, Tokyo, Japan). We
analyzed all coding exons and flanking introns of COLIAI,
COL1A2, LEPREI, CRTAP, and PPIBby polymerase chain reaction
(PCR) of the genomic DNA and direct sequencing. A heterozygous
mutation ¢.1054_1056 +2 del AAGGT was found in COLIAI
(Fig. 2A). Because the deletion involved the consensus splice donor
site, a reverse transcription-PCR (RT-PCR) was performed using
the fetus’s RNA to check for a splicing abnormality. RNA was
extracted from the fetal skin using an RNeasy Mini Kit (Qiagen).
The cDNAs were subjected to PCR amplification using primers (5'-
AAATGGAGCTCCTGGTCA GA-3' and 5'-AGG AGCACCAGC
AAT ACC AG-3') encompassing exons 13—19. Sequencing of the
RT-PCR products showed an insertion of 255bp in intron 16,
resulting in an in-frame insertion of 84 amino acids (Fig. 2B).
COLIAl sequencing of the PCR products of the parents’
genomic DNA from their blood samples revealed the same muta-
tion in the mother, but not in the father. The electropherographic
signal intensity of the mutant allele was low in the mother,
suggesting a mosaic mutation (data not shown). The mosaic
rate of this mutation was examined by subcloning of PCR
products from genomic DNAs of various tissues; the ratio
(mutant:wild-type) was 13:37 in blood, 16:34 in hair roots, and
8:42 in nails.

The mother became pregnant 3 months after the termination of
her second pregnancy. A molecular examination of the chorionic
villus sample excluded the COL1A1 mutation (data not shown). She
gave birth to an unaffected baby at 39 weeks of gestation. The
mother underwent skeletal survey and dual energy X-ray absorpti-
ometry for the lumbar spine (L2—L4) postpartum. Her bone
mineral density was slightly low (0.865g/cm?® Z-score, —1.3),
but still within the normal range. Radiographic examination
revealed no abnormality suggestive of OL

The unique COLIAI mutation reported here was predicted to
cause mis-splicing and consequently to create an elongated pro-
collagen protein. This elongated procollagen would presumably
interfere the triple helix formation of collagen and hence is respon-
sible for the lethal phenotypes of the affected siblings. This spec-
ulation is consistent with our current understanding of the
pathogenesis of severe OI, which is believed to involve a dominant
negative mechanism. As with the mother of fetus investigated in the
current report, mosaic parents are sometimes asymptomatic or
only mildly affected, if at all [Cohn et al., 1990; Constantinou et al.,
1990; Wallis et al., 1990; Wijsman, 1991]. The mother showed only
mildly short stature and mildly decreased bone density in the
lumbar spine. The mosaic state of the mutation in the mother
was 16—32% in the tissue examined. This observation was con- .
sistent with results of previous reports; a patient with 20% mosaic
mutations in the blood and hair roots was asymptomatic [Cohn
et al., 1990], while patients with 50% mutations in fibroblasts and
27% mutations in the blood were symptomatic [Wallis et al., 1990],
and those with 25% mutations in fibroblasts and blood were also
mildly symptomatic [Constantinou et al., 1990].

A molecular analysis to determine the mosaic state is important
for familial recurrence. A genetic test, which confirms the mode of
inheritance, followed by precise genetic counseling based on the
recurrence rate estimation by mosaic rate, is particularly important
in the management of severe perinatal OL
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Established Facts

» Boomerang dysplasia is a rare lethal osteochondrodysplasia characterized by disorganized mineral-
ization of the skeleton, leading to complete nonossification of some limb bones and vertebral elements
and a boomerang-like aspect to some of the long tubular bones.

Novel Insights

binding domain of filamin B.

» Demonstration of the characteristic bent bone morphology in the limbs by 3D-CT adds diagnostic
certainty and facilitates prognostication and genetic counseling for parents.

o The mutation observed in this patient, ¢.605T>C, is the third causative mutation described in this
disorder and, like the other two mutations, leads to substitution of an amino acid residue in the actin-

Key Words
Boomerang dysplasia - Fetal imaging - Filamin B

Abstract

Boomerang dysplasia is a rare lethal osteochondrodysplasia
characterized by disorganized mineralization of the skele-
ton, leading to complete nonossification of some limb bones
and vertebral elements, and a boomerang-like aspect to
some of the long tubular bones. Like many short-limbed
skeletal dysplasias with accompanying thoracic hypoplasia,
the potential lethality of the phenotype can be difficult to

ascertain prenatally. We report a case of boomerang dyspla-
sia prenatally diagnosed by use of ultrasonography and 3D-
CTimaging, and identified a novel mutation in the gene en-
coding the cytoskeletal protein filamin B (FLNB) postmor-
tem. Findings that aided the radiological diagnosis of this
condition in utero included absent ossification of two out of
three long bones in each limb and elements of the vertebrae
and a boomerang-like shape to the ulnae. The identified mu-
tation is the third described for this disorder and is predicted
to lead to amino acid substitution in the actin-binding do-
main of the filamin B molecule.
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Fig. 1. 2D-ultrasound views showing a sagittal section of depressed nasal bridge (a; white
arrow), a short femur (b; white arrow), a trident-like hand (¢; white arrow), a convoluted
foot (d; white arrow), a sagittal section of a narrow bell-shaped thorax (e), and an axial
section absent of spinous processes and vertebral arches (f; white arrow, ‘B’ indicates

bladder).

Clinical Report

This was the second pregnancy of unrelated healthy parents.
The family history is noncontributory. At the time of conception
the mother was 30 years old and the father 29. Routine ultra-
sound investigation in the 33rd week of gestation revealed severe
fetal malformations, leading to referral to our hospital for pre-
natal diagnosis. Sonographic evaluation showed a fetus with se-
vere micromelia. At the 33rd week of gestation, the fetal bipari-
etal diameter was 84.8 mm (-0.3 SD), fetal trunk area was 5,808
mm? (-1.0 SD) and femur length was 18.2 mm (~14.8 SD). Only
one of the three tubular bones was present in each limb, and the
elbows and knees were indiscernible. The hands were trident
and ossifications of the metacarpal bones were diminished. The
bridge of the nose was flattened. The thorax was hypoplastic and
had a bell-shaped appearance. The spinous processes and verte-
bral arches were not ossified (fig. 1). 3D-CT imaging showed the
boomerang-like-shaped ulna, and the segment-shaped femur
(fig. 2). In view of the typical skeletal abnormalities, including
micromelia, and the absence of ossification of some but not all
of the long tubular bones, the tentative diagnosis of boomerang

Boomerang Dysplasia with a Novel
Causative Mutation in FLNB

dysplasia was made. After genetic counseling, the parents pre-
ferred not to resuscitate postpartum in view of the severity of the
phenotype.

The fetus was born in the 38th week of gestation, and soon died
from respiratory insufficiency. The bridge of the nose was defec-
tive (fig. 3) and a cleft palate was recognized. X-ray imaging con-
firmed the findings as demonstrated on the prenatal 3D-CT. Mu-
tation analysis of the filamin B (FLNB) gene was undertaken on
DNA extracted from umbilical cord blood after informed consent
was obtained from the parents. All exons and exon-intron bound-
aries of FLNB were amplified using polymerase chain reaction as
described previously [1], and amplified DNA was subjected to de-
naturing high-performance liquid chromatography with ampli-
cons exhibiting anomalous waveforms subsequently sequenced
on an ABI3100 sequencer. A novel mutation, c.605T>C, in exon
3 was identified, which is predicted to lead to the substitution of
p-Met202Thr of the FLNB protein. This substitution occurs in the
calponin homology 2 region of the actin-binding domain of
FLNB.

Fetal Diagn Ther 2012;32:216-220 217



Fig. 2. 3D-CT views showing the boomerang-like shaped ulna (white arrow), the segment shaped femur (white
arrow head) and zipper-like shaped spine (double arrows). The humerus and radius were absent: front view (a),
rear view (b), right side view (c) and left side view (d).

Discussion

Boomerang dysplasia is a rare osteochondrodysplasia
characterized by a boomerang-like aspect of the long tu-
bular bones [2, 3]. It belongs to a family of skeletal dyspla-
sias of varying severity, all caused by mutations in the
same gene, FLNB [4, 5]. These related conditions in order
of diminishing severity include atelosteogenesis type I
and III [4] and Larsen syndrome [6]. Boomerang dyspla-

218 Fetal Diagn Ther 2012;32:216-220

siais difficult to diagnose prenatally. All cases of this con-
dition described in the literature thus far have been char-
acterized by lethality, although instances of the pheno-
typically similar allelic condition, atelosteogenesis III,
have been reported in conjunction with survivorship [7].
In this report we show that helical 3D-CT is a useful ad-
junct to obtain specific images of the skeletal abnormali-
ties manifest in this condition.

Tsutsumi/Maekawa/Obata/Morgan/
Robertson/Kurachi



Fig. 3. The postmortem images of the patient. The nasal bridge was flattened, and the extremities were short
and flexed: macroscopic front view (a), X-ray front view (b) and X-ray rear side view (c).

The key findings that facilitated the diagnosis of boo-
merang dysplasia in this instance included the absence
of two of the three long bones in each limb, underossi-
fication of some components of the vertebrae and disor-
dered ossification of the metacarpals. These findings
can also be observed in atelosteogenesis type I, an ob-
servation that reflects the close phenotypic relatedness
of these two conditions. Importantly, however, the mild-
er potentially survivable condition, atelosteogenesis III,
does not feature nonossification of the long bones of the
limbs [4, 7]. In this instance demonstration of the char-
acteristic bent bone morphology in the limbs by 3D-CT
added diagnostic certainty and facilitated prognostica-
tion and genetic counseling for the parents. This was
possible because the images obtained by 3D-CT enabled
the visualization of some additional details of the fetal
skeleton which were not clearly recognized in the ultra-
sonographic evaluation. Furthermore, the reconstruct-
ed 3D-CT enabled visualization of the whole fetal skel-
eton without contamination from maternal anatomy
[8, 9].

The mutation observed in this patient, c.605T>C is
the third causative mutation described in this disorder,
and like the other two known mutations (p.Leul71Arg,
p-Ser235Pro) leads to substitution of an amino acid resi-
due in the actin-binding domain of FLNB [5]. Reflecting

- their close relatedness, a previously reported mutation,

Boomerang Dysplasia with a Novel
Causative Mutation in FLNB

c.604A>G, occurring at the same codon predicts the sub-
stitution p.Met202Val and results in an atelosteogenesis I
phenotype. The parents of our patient did not give per-
mission to perform their own genetic analysis to check
whether the change is de novo. However, this substitution
(p-Met202Thr) changes polarity and hydrophilic prop-
erty of the amino acid residue. Therefore, it might be
pathogenic due to the potential of protein structural and
functional change. Similar mutations leading to atelos-
teogenesis I and Larsen syndrome leads to an increased
avidity of FLNB for cytoskeletal actin [10], but the mech-
anism by which this impacts on skeletogenesis and ossi-
fication of bone is not understood.
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