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REPORT

Familial Osteoarthritis of the Hip Joint Associated with Acetabular
Dysplasia Maps to Chromosome 13q

Akihiko Mabuchi, Shigeru Nakamura, Yoshio Takatori, and Shiro Ikegawa

Genetic factors have been implicated in osteoarthritis (OA), particularly in OA of the hip joint (hip OA). Several instances
of familial hip OA that show distinctive modes of inheritance but that differ from chondrodysplasia have been reported.
Here, we report the characterization of a large Japanese family with an inherited disease of the hip that is indistinguishable
from common hip OA, as evidenced by clinical symptoms and radiographs of the joint. This family contained eight
patients in 4 generations. Affected individuals develop pain in the hip joint during adolescence, and the disease progresses
to severe crippling before age 60 years. Patients generally are in good health, height is not reduced, and there is no
extraskeletal involvement suggestive of chondrodysplasia. The skeletal change is bilateral acetabular dysplasia followed
by OA, which occurs after age ~40 years and is indistinguishable from idiopathic nonfamilial dysplastic hip OA. This
trait shows autosomal dominant inheritance, with a considerably consistent phenotype. Genomewide screening revealed
linkage at chromosome 13q22, and haplotype analysis narrowed the locus to a 6.0-cM interval between markers D1351296
and D135162, with a maximal multipoint LOD score of 3.57. The family described here represents a novel genetic entity
as a monogenic form of hip OA. Its further characterization can aid in elucidating the etiology and pathogenesis of a
common idiopathic form of OA.

Osteoarthritis (OA [MIM 165720]), particularly that of the
hip joint (hip OA), is a growing health issue and causes
pain and disability in members of an aging society. Hip
OA conventionally falls into two categories, termed “pri-
mary” and “secondary” hip OA. Primary hip OA lacks un-
derlying factors and structural abnormalities. Accounting
for just 8%-35% of all hip OA, primary hip OA is less
common than secondary hip OA."* The more common
secondary hip OA results primarily from anatomical de-
formities in the joint, including acetabular dysplasia,
slipped capital femoral epiphysis, and Legg-Calvé-Perthes
disease.?

Of these, acetabular dysplasia is the most prevalent caus-
ative factor of secondary hip OA? in Japan, it is the most
common cause of hip OA.* Acetabular dysplasia is an id-
iopathic, localized developmental dysplasia of the hip that
is characterized by a shallow hip socket and decreased
coverage of the femoral head. Its radiological criteria in-
clude the center-edge angle of Wiberg,® the Sharp angle,®
and the acetabular roof obliquity.”® Most patients with
acetabular dysplasia develop OA after midlife,” and even
mild acetabular dysplasia can cause hip OA.°

Hip OA is known to be influenced by genetic factors.
Familial clustering has been reported in epidemiological
studies that examined prevalence among relatives of pa-
tients who had undergone total hip arthroplasty (THA) as
a surrogate phenotype of hip OA.'>'> One twin study sug-
gested that the genetic contribution to radiographic hip
OA in women may account for up to 60% of the disease

risk.”> Genomewide screens have identified suggestive link-
age on a number of chromosomes.'*'¢

Several instances of familial OA that show distinctive
modes of inheritance have been reported. In one family,
generalized OA associated with mild chondrodysplasia was
found to segregate as an autosomal dominant trait'” and to
associate with a mutation in the type II collagen gene
(COL2A1 [MIM 120140]). Because COL2A1 mutations have
been identified in other families with mild-to-severe spon-
dyloepiphyseal dysplasia (SED) congenita (SEDC [MIM
183900]), the OA phenotypes in this family probably rep-
resent a mild form of chondrodysplasia. In contrast, Beukes
familial hip dysplasia (MIM 142669) shows more localized
involvement of joints but still segregates with autosomal
dominant inheritance.'® This disorder, identified in an Af-
rikaner family, is characterized by severely flattened and
irregular femoral capital epiphyses of the hip joint. Finally,
a large 4-generation family was identified in Iceland.'* As
in the other families, the trait segregated as autosomal dom-
inant; affected individuals showed no obvious indication
of chondrodysplasias, as characterized by marked short stat-
ure; and anomalies contributing to the inherited OA phe-
notypes were limited to the hip joint. Therefore, each fam-
ily’s phenotype is indistinguishable from common, idio-
pathic, nonfamilial OA. Linkage studies have mapped the
responsible loci in the Afrikaner and Icelandic pedigrees to
4q35 and 16p, respectively.'>"

In the present study, we describe a Japanese family that
is affected by dysplastic hip OA. In this family, acetabular
dysplasia is evident beginning during adolescence, and OA
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Family pedigree and the results of haplotype analysis around 13g22. Blackened circles and squares represent affected females

and males, respectively. Triangles indicate obligate recombination. The disease haplotype is boxed.

develops in all affected individuals after age ~40 years.
This phenotype is transmitted as an autosomal dominant
trait and shows linkage to a novel locus on 13q22.

The proband, III-7 (fig. 1), was a 65-year-old woman who
first experienced bilateral coxalgia during adolescence. Her
coxalgia progressed with age, and she underwent bilateral
THA during her 50s. A 4-generation kinship with familial
hip OA was identified through her family history, and
clinical and radiographic features of family members were
examined. Relevant information was obtained from living
members of the family, including clinical indicators of
OA, such as pain and stiffness in the groin, leg defor-
mity, limitation of hip motion, and limp. The phenotype
was ascertained on the basis of medical history and clini-
cal and radiographic presentation of the disorder. Radio-
graphs of hips, hands, spine, and knees were obtained
from affected and unaffected family members. From a to-
tal of 24 members, which included 5 spouses, 8 individuals
were confirmed as affected (fig. 1). There was no history
of consanguinity, and the disorder was transmitted to
subsequent generations without skipping. Transmission
of the disorder was consistent with autosomal dominant
inheritance.

The hip OA phenotype was indistinguishable from that
of idiopathic, nonfamilial hip OA associated with acetab-
ular dysplasia. All family members fell within average
height and weight ranges for the Japanese population. No
history of mental retardation, CNS or peripheral nervous
system disease, ocular disease, internal organ abnormality,
spontaneous fracture, joint contracture, or hypermobility
was observed in this family. Also, there was no apparent
evidence of chondrodysplasias, such as SED and multiple
epiphyseal dysplasia (MED [MIM 132400]), associating
with hip OA. Affected family members first experienced
hip pain during adolescence. Early symptoms usually ap-
peared as occasional hip pain or dullness after a long walk.
Most patients experienced stiffness and pain in the groin
for several years before seeking medical attention. In all
patients, hip pain worsened gradually with age, and all
five patients aged >50 years presented with terminal-stage
OA and underwent surgical intervention with THA. Aside
from hip problems, affected individuals were generally in
good health.

Acetabular dysplasia of the hip was assessed by exam-
ining standard anterior-posterior projection of plain ra-
diographs taken in the supine position, and diagnosis was
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Figure 2. Hip changes in the study family. a, Radiograph of
subject IV-5, at age 38 years, pre-OA. Radiological changes other
than acetabular dysplasia are minimal; neither joint-space nar-
rowing nor osteophyte is observed, and the shape of the femoral
head is normal. b, Radiograph of subject III-8, at age 62 years,
showing early-stage OA and acetabular dysplasia. ¢, Radiograph
of subject III-8 at age 68 years, with advanced-stage OA.

based on modification of criteria proposed by Nakamura
et al.% a center-edge angle of Wiberg <20°, a acetabular
roof obliquity =15°, and a Sharp angle =45°. Radiographic
hip OA was diagnosed with minimum joint space <2.5
mm, along with the presence of osteophytes and/or bone
cysts. Acetabular dysplasia was evident in affected family
members beginning during adolescence, and OA appeared
at age ~40 years. Farly radiological changes other than
acetabular dysplasia were minimal (fig. 2a); neither joint-
space narrowing nor osteophyte was observed in the youn-
gest generation. The shape of the femoral head was normal
before the progression of OA. Inevitably, OA progressed
(fig. 2b and 2c¢) to the terminal stage, necessitating THA.
Vertebral bodies and joints other than the hip were not
involved.

Blood samples were obtained for DNA analysis, with
informed consent, from family members aged =18 years.
DNA was extracted, using a standard procedure, from
17 members of the kindred, including 8 affected indi-
viduals, 7 unaffected related individuals, and 2 unrelated
spouses. The affected status of these 17 individuals had
been established on the basis of clinical and radiological
data. Preliminary analysis, with use of flanking and in-
tragenic microsatellite markers, excluded the following
genes from linkage—COL2A1, COL9A1-A3 (MIMs 120210,
120260, and 120270), MATN3 (MIM 602109), and COMP

(MIM 600310)—that are involved in chondrodysplasias
associated with OA (data not shown). We then conducted
a genomewide screen that was based on autosomal dom-
inant transmission, using the ABI PRISM linkage mapping
set v2.5 (Applied Biosystems). PCR products were mul-
tiplexed and electrophoresed using an ABI PRISM 3700
DNA Analyzer (Applied Biosystems). Genotyping was per-
formed using GeneScan Analysis version 3.5 and Geno-
typer version 3.6.

Allelic data were ascertained for Mendelian consistency
with Checkfam.?® Parametric two-point linkage analyses
were performed using the FASTLINK package version 5.2,%'~
# under the assumption of an autosomal dominant trait
with 99% penetrance, 0.1% disease frequency, and equal
male and female recombination rates. Allelic frequencies
for each locus were estimated using genotyped founders
and unrelated individuals. Genetic distances between loci
were estimated according to sex-averaged genetic maps
obtained from the Marshfield Medical Research Founda-
tion. Five regions, represented by six markers, showed LOD
scores >1.5: 1p21, 6q15-16, 10924, 13922, and 22q11. The
highest score was observed at D13S156 (fig. 3).

For fine mapping, we designed primer pairs that were
based on information from National Center for Biotech-
nology Information and CEPH databases, and we exam-
ined 19 additional markers surrounding these five re-
gions. Two-point LOD scores were calculated for these
additional markers, but no region other than 13922 ex-
ceeded the maximum score generated by D135156 (table
1). Location scores, which are directly comparable to
LOD scores,** were calculated for all markers with use of
SimWalk2 version 2.83,** and the maximum score of
3.57 was observed at D135279-D13S800-D135156 (fig. 4).
Segregation and the most probable disease haplotype
were estimated, using SimWalk2, to span 10 markers. The
critical region was localized to a 6.0-cM span between
D1351296 and D135162. The proximal border of this re-
gion was defined by recombination in subject IV-6, be-
tween DI13S1296 and D13S279; the distal border was
found in subject IV-7, between D135792 and D135162
(fig. 1).

The disease pattern, as determined by radiographic anal-
ysis, in this family is quite similar to common hip OA
associated with acetabular dysplasia. There are ethnic and
sex differences in the prevalence of acetabular dysplasia,*
and evidence of a genetic contribution has been reported
on the basis of a family study.”® In addition, one family
with primary acetabular dysplasia has been reported,® al-
though that study did not evaluate OA.

The familial disorder described here is distinct from other
heritable chondrodysplasias in which premature degen-
erative OA of the hip joint is a major complication. Our
family’s phenotype resembles Beukes familial hip dyspla-
sia,'® in that both exhibit shallow acetabulum and even-
tual OA. However, the later onset of symptoms, lack of
deformity in the femoral head and/or greater trochanter,
and absence of broadening of the femoral neck helps to
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Figure 3.

differentiate our family’s phenotype from Beukes hip dys-
plasia. Our family also differs in two ways from the Ice-
landic family described elsewhere.'” First, it lacks subchon-
dral cyst of the femoral head, which is characteristic of
the Icelandic family. Second, the Icelandic pedigree shows
no primary radiographic change in the acetabulum, as is
observed here. Genetic analysis also helped to define the
distinction; our study revealed no positive linkage to loci
associated with OA of the hip joint in the Afrikaner (4p35)
and Icelandic (16p) pedigrees.'*'* Together, these pheno-

Graphic summary of two-point LOD scores of initial genomewide screen. Five regions showed LOD scores >1.5.

typic and genetic differences clearly indicate that our fam-
ily has a novel entity of familial hip OA.

The small region of chromosome 13q22 that links to
our pedigree contains several genes implicated in devel-
opmental or pathological events in the skeleton. PCDH9
(MIM 603581), located in the proximal end of this region,
belongs to a subfamily of calcium-dependent adhesive
proteins within the cadherin superfamily. During limb
development and chondrogenesis, N-cadherin is up-reg-
ulated, initiates mesenchymal condensation, and is mod-

Table 1. Two-Point LOD Scores by the Fine Mapping of 1p21, 6q15-16,
10q24, and 22q11
Position tobaty =

Marker (cM) 0 .01 .05 .1 .2 .3 4

D152793 137.3 .10 .10 .08 .07 .04 .02 .00
D15206% 142.3 1.72 1.68 1.51 1.29 .85 43 .12
D15495 145.1 —® —1.24 —.41 —.08 .10 .09 .03
D651609 94.4 —.94 —.80 —.48 —-.28 —.10 —.03 .00
D65462° 101.6 2.03 1.99 1.82 1.60 1.15 .68 .25
D65300 106.2 —.96 —.66 -.19 .02 .16 .15 .07
D65434* 112.3 2.26 2.21 2.03 1.79 1.29 77 .29
D651698 122.0 —® —4.71 —2.49 —153 —.65 —.24 —.05
D1051709 129.5 —® —2.94 —1.37 —.72 —.20 —.03 .01
D105192* 134.3 1.90 1.87 1.73 1.54 1.15 74 .34
D225420° 3.1 1.59 1.56 1.41 1.23 .85 48 .16
D225427 7.5 —.69 —.55 —.21 —.02 11 .09 .03

® Index marker with LOD score >1.5 in the first screen.
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Location scores resulting from multipoint analysis of chromosome 13. The X-axis shows genetic distance from the telomere

(in cM), and the Y-axis shows the location score, calculated using SimWalk2 software. The maximal location score of 3.57 is observed

at markers D135279-D135800-D135156.

ulated through Wnt signals.*”?® E-cadherin is involved in
the morphogenesis of several organs and acts as an im-
portant transducer of extracellular signaling for a WNT
protein and a bone morphogenetic protein inhibitor. Else-
where, we highlighted the significance of the calcium-
dependent signaling protein calmodulin, which regulates
chondrogenesis and associates with hip OA in the Japa-
nese population.” DACH (MIM 603803), an orthologue
of the Drosophila dachshund (dac) gene, also is situated in
this region. Flies with a null mutation in dac lack eyes and
have truncated limbs.* Finally, two genes encoding Kriip-
pel-like factors reside in the more telomeric region. Kriip-
pel-like factors are transcription factors, and mutations in
the Drosophila orthologue, kr, produce dwarfism. Each of
these genes merits consideration for future analysis.

Rapid accumulation of genomic data facilitates the iden-
tification of disease gene(s) through positional cloning,
and inherited disorders are an excellent starting point for
identification of such genes. Pinpointing genes responsi-
ble for monogenic traits through use of parametric linkage
analysis will inform the search for susceptibility gene(s)
in common, polygenic forms of disease. Further study of
the family described here should aid in elucidating the
etiology and pathogenesis of a common idiopathic form
of OA.
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