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Table 1 Radiological features in individuals evaluated for the COLIA1 p.Arg1014Cys mutation

Family no. Pedigree no. p.Argl014Cys Sex Onset Hyperostosis

Femur Tibia Fibula Humerus Radius Ulna Clavicle Mandible Ribs

A? 11-1 + F 3 months R/L R R - R R - - -
11-2 + F - - - - - - - - - -
11-3 + M 2 years L R - - - - - - -
I-2 + F - - - - - - - - - -
B* 1I-1 - F I month + + + - - - - - -
-2 - M months + + + - - - - - -
[I-3 F - - - - - - - - - -
11-2 - F 3 years + + + - - - - - -
Australia [4, 9] 1I-1 F 3 weeks + RL + + + + + + -
11-2 F 2 weeks + + + + R/L RL + + -
Thai [19] I-3 + M/ - R/L - R/L - - - +
11-2 + M  Omonth - RL 7/ - R/L / - - -
11-7 + M/ - - - - - - - - +
1I-11 + F S - R / - - - - - -
HI-15 + F 11 days — RL - - - - - - -
11-3 - F / - - - - + / - - -
Korea A [3] 1I-1 + M 2months R RL - - R/L R - + -
Korea B [3] 11-1 + M 9 months - RL - - - - - + -
11-2 + F 4 months R RL - - R/L RL - + -
Korea C [3] 1I-1 + F I month - - L - R/L - - + -
Korea D [3] 1I-1 + F 2 months — RL - - R = - + -
I-1 - M - - - - - - - - - -
1-2 + F - - - - - - - - - -
Korea E [3] 11-2 + M Omonth - RL - - - - - - -
I-1 + M - - - - - - - - - -
-2 - F - - - - - - - - - -
France [11] Pt + M 0 day + + + + - - - + +
India [15] Pt + M 3 months R/L RL - - - - - - -
Italy [2] VI-1 + F 14 days  + + - - + + - / /
VII-2 + M 2months - + + - + - / /
V-2 + M  15days - + + - - - - / /
V14 + F 2 months — + + + + + - / /
VII-3 + M 10 days + + - + + - / /
V-§ + M 20days + + - + + + + / /
IV-11 + M/ / / / / / / / / /
VI-11 + M - - - - - - - - - -
V-3 + M/ / / / / / / / / /

Ffemale, M male, /no data available, Rright, L left, + presence of the common mutation or clinical signs, ~ absence of the common mutation or clinical
signs, S soon after birth

? Families presented on this paper

Mutational analysis of COLIAI and COL2A2 analysis of the COLIA1 and COL2A2 genes. Genomic DNA

was extracted from peripheral blood by using the QuickGene-
The mutation analysis was approved by the ethics committees 810 and QuickGene DNA whole blood kit (FUJIFILM Cor-
of Osaka University Graduate School of Medicine and Keio  poration, Tokyo, Japan) according to the manufacturer's in-
University School of Medicine, and informed consent was  structions. We analyzed the previously reported mutation in
obtained from the proband and family members for the  COLIAI by digestion of the purified polymerase chain
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Fig. 1 Lefi upper panel shows the pedigree of family A (COLIAI
mutation positive). Black svmbol, affected individual; white svmbols, no
symptoms according to history; gray symbols, mutation-positive, but
healthy family members: asterisk, mutation-positive individual. The
arrow indicates proband of family A. Right upper panel (11-1 at the age

reaction (PCR) product with HypCH4IV [10]. In family B, we
analyzed all coding exons and flanking introns of COLIA]
and COLI1A42 by PCR and direct sequencing,.

Dual-energy X-ray absorptiometry analysis
The bone mineral density (BMD) Z score or T score of the

lumbar spine for L,_4 was determined by dual-energy X-ray
absorptiometry (DXA; Discovery A, Hologic).

Family B

Patient -1

o

-1 -2 -3

Patient 11-2 (3 months)

Fig. 2 Left upper panel shows the pedigree of family B (mutation
negative). Black symbol, affected individual; white symbols, no symptoms
according to history. The arrow indicates the proband of family B. Right
panel: a(Ill-1 at the age of 3 years) bone deformity of both femora and the
right tibia, b (III-1 at the age of 2 months) cortical bone thickness of the
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(3 months)

of 3 months): cortical bone thickness of the right radius, right ulna, both
femora, and the right tibia. Right lower panel (11-1 at the age of 11 years):
mild deformity of the legs. Lefi lower panel (11-3 at the age of 11 months):
mild deformity of both tibiae

Results
Mutation

The proband of family A had the common heterozygous
p.Argl014Cys mutation in COLI A, as did her affected youn-
ger brother. In addition, her mother and younger sister also
carry the same mutation, but they have had no history of soft
tissue swelling and bone deformity. They also have no

right tibia and swelling of the surrounding soft tissues, and ¢ (IlI-1 at the
age of 2 months) MRIs (fat-saturated T2-weighted images) revealing
large lesions in the surrounding soft tissues and bone marrow with
increased signal intensity on lower legs. Leff lower panel (111-2 at the
age of 3 months): cortical bone thickness of left lower leg
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evidence of either joint laxity or soft skin. Her healthy father
could not be examined.

The three patients in family B had no detectable mutation
in either COLIAI or COL2A2. Exome sequencing was not
feasible in this family.

BMD

The proband of family A showed a BMD of 0.852 g/cm? of
L2-L4 (Zscore +0.3) at the age of 12 years. Her mother, who
has regular menstrual cycles, had a L2-14 and total hip BMD
0f 1.096 g/cm2 (T'score +0.8) and 0.990 g/cm2 (T'score +1.2),
respectively, at the age of 36 years.

The mother (II-2) of family B, who also has regular men-
strual cycles, had L2-L4 BMD of 1.138 g/cm? (Tscore +1.1)
at the age of 40 years.

Discussion

We found the common COL/A/ mutation, p.Arg1014Cys, in
the proband of family A (II-1) and the younger brother (II-3)
who both presented with clinical and radiographic findings
congsistent with Caffey disease, whereas the same mutation
was detected in her mother (I-2) who was asymptomatic and
with normal radiological findings. Furthermore, her sister (II-
2) who had no signs or symptoms suggesting this disease had
also the same mutation. This family indicates rather low
penetrance of Caffey disease as has been reported previously
[3, 9, 10]. Gensure et al. reported that only 79 % of the family
members with this mutation had signs or symptoms of Caffey
disease [10]. Although the precise mechanism has yet to be
elucidated, it is likely that an additional genetic or environ-
mental condition is required for the manifestation of the
disease. Likewise, the factor(s) contributing to the recurrence
of the disease is unknown [1]. However, it is most likely that
the p.Arg1014Cys substitution in COL/A1 is linked to Caffey
disease because several familial cases have been reported to
have this mutation (Table 1). In the “osteogenesis imperfecta
& Ehlers-Danlos syndrome variant databases” [6], this muta-
tion was not found in patients with osteogenesis imperfecta or
healthy subjects.

No mutations in COLIA1 or COL1A2 were identified in the
patients of family B. However, bone lesions consistent with the
diagnosis of familial Caffey disease were found in the femora,
tibiae, and fibulae of the affected individuals in family B
(Table 1). Thus, there can be considerable overlap between
familial cases with and without the COL/ A mutation (Table 1).
Since we could not identify a novel mutation in COLIAI or
COL1A2, it appears likely that another heterozygous mutation
in an as-of-yet unknown gene is responsible for the affected
members of family B and possibly other cases of Caffey
disease, too, either infantile or prenatal forms. This is strong

evidence that similar phenotypic findings can be caused by
different mutations. Exome analysis may be necessary to iden-
tify the responsible gene, although relatively low penetrance
and few family members may prevent identification.

Increased T2-weighted images in patient II-1 of family B
reflected increased water content consistent with edema sur-
rounding the hyperostotic cortical bone and bone marrow [17,
18]. Although the pathogenesis of Caffey disease remains
unclear, this edema suggested inflammatory events in the soft
connective tissues surrounding the affected bone and bone
marrow [11]. Inflammatory cytokines including prostaglandin
E may stimulate periosteal reaction, although we did not
examine inflammatory cytokines in our patients.

Bone mineral density of patients with Caffey disease has
been reported in only one patient [20]; however, the relation
between bone mineral density and the p.Argl014Cys muta-
tion has not been investigated. The patients in family A, the
girls and their asymptomatic mother, had normal bone mineral
density. In addition, the mother of family B who was symp-
tomatic during childhood and does not carry the common
mutation also had normal bone mineral density. These results
suggest that Caffey disease, regardless of the p.Arg1014Cys
mutation, is not associated with alterations in bone strength.

In conclusion, we obtained further evidence for genetic
heterogeneity of Caffey disease and demonstrated normal
bone mineral density in adult patients with this disease.
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