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Abstract

Progressive pseudorheumatoid dysplasia is a skeletal genetic disorder affecting primarily the
articular carti lage, causing joint stiffness and leading to a crippling status. More than two-thirds of
the reported patients belong to Arab and Mediterranean populations. The disease locus has been
mapped to chromosome 622 in a region of 12.9 cM using a Jordanian family. We examined two
additional families, one Jordanian and one Palestinian, to test for homogeneity of the disorder and
the presence of a common haplotype, to fine map the disorder, and to use all the information to
derive a tool for hétérozygote identification. The two families showed linkage to the same
previously reported locus, thus suggesting homogeneity, but they did not share a common
haplotype. They also provided information that refined the genetic region for the disease locus to
2.1 cM with three microsatellite markers. The absence of a common haplotype indicates that no
common ancestor mutations were inherited by our patients. Genotyping for the three-marker
haplotype showed that it can be used as a heterozygote identification tool.

INTRODUCTION

PROGRESSIVE PSEUDORHEUMATOID DYSPLASIA (PPD) (MIM# 208230) is a
member of the osteochondrodysplasias, showing an autosomal recessive mode of inheritance
(El-Shanti et af, 1997). It is characterized by a picture, clinically but not radiographically,
resembling rheumatoid arthritis with radiographie changes in the spine similar to
spondyloepiphyseal dysplasia tarda (Wynne-Davies et a/, 1982; Spranger et al, 1983a,b).
The disorder is manifested by progressive swelling and stiffness of all joints, eventually
leading to severe joint contractures. Although rare, it has a relatively high prevalence
amongst Arabs and other Mediterranean populations; about two-thirds of the reported
patients belong to this group (El-Shanti et a/, 1997). The literature contains reports of several
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families and sporadic cases that outline the clinical picture, and emphasize the autosomal
recessive mode of inheritance (Wynne-Davies et a/, 1982; Kaibara et a/, 1983; Spranger et
al, 1983a,b; Al-Awadi et al, 1984; Kozlowski et al, 1986; Teebi and Al-Awadi 1986;
Robinson et a/, 1989; Sood et al, 1991; Lewkonia and Bech-Hansen 1992; Legius et a,
1993; Razai-Delui et al, 1994; EI-Shanti et al, 1997; Fischer et al, 1998). The disease locus
was mapped to a 12.9-cM region on chromosome 6ql6—g22 in a large inbred family from
Jordan (EI-Shanti ef af, 1998).

The region of linkage was further identified as 3 cM by Fischer et a/(1998). Here we report
on two additional families from Jordan with 8 affected individuals. Linkage is shown to the
previously mapped locus, thus, supporting linkage homogeneity for this disorder. We also
narrow the region of linkage to a 2.1 -cM segment flanked by two microsatellite markers and
containing a third marker. We use the three markers for the identification of carriers in the
families.

PATIENTS, MATERIALS, AND METHODS

Patient evaluation

Genotyping

We identified two additional families with 8 affected individuals (families A and B) who are
unrelated to the family C for which linkage was previously reported by our group (El-Shanti
et al, 1998) (Fig. 1). The two families were ascertained through the clinical genetics services
provided by the National Center for Diabetes, Endocrinology, and Genetics (Amman,
Jordan) and the Princess Rahma Children’s Hospital (Irbid, Jordan). The two families were
invited to participate in the study and an informed consent was obtained from family
members or their legal guardians. All individuals in the same sibship were examined
thoroughly and the necessary radiographie and laboratory investigations were performed.

DNA was extracted from leukocytes in venous blood by a simple standard procedure of
salting out (Grimberg et a/, 1989; Miller et a/, 1988). Only one sibship in family A and their
parents agreed to participate in the study (111. 1, 111.2, IV. 1, IV.2, IV.3, IV.4, and IV.5). All
members of family B participated in the study. Six microsatellite DNA markers (D6S1056,
GCT5EQ07, D6S1021, ATA56D06, D6S1023, and D6S1040) known to be linked to the PPD
locus were used to test for linkage in families A and B. Amplification of these markers was
performed with 40 ng of template DNA (2 pL) in an 8.4 pl PCR reaction mixture containing
1.25 pl of PCR buffer (100 mM Tris-HCI, pH 8.8, 500 mA/KC1, 15 mM MgClI2, 0.01%
wt/v of gelatin); 200 uM each dATP, dCTP, dGTP, and dTTP; 2.5 pmol of each forward and
reverse primers (0.25 pl); and 0.25 U of Taq polymerase. The reaction mixture was subjected
to 35 cycles at 94°C for 30 sec, 55°C for 30 sec, and 72°C for 30 sec. Products were
analyzed on 6% denaturing polyacry lamide gels (7.7M urea). The gels were then silver-
stained (Bassam et al, 1991).

Statistical analysis

Two-point LOD scores were calculated using MLINK of the LINKAGE 5.1 computer
program package (Lathrop et al., 1984). A LOD score of 3 was used as a criterion for
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significance. The analysis was carried out assuming an autosomal recessive mode of
inheritance, where the disease phenotype is fully penetrant with no phenocopies. The
recombination fraction was assumed to be equal for males and females. The disease
frequency was set at 0.001. Because the actual disease frequency is unknown, linkage
analysis was also carried out varying the disease frequency between 0.01 and 0.00001, to
evaluate the effect of changing the aliele frequencies on the LOD score. The aliele
frequencies for the markers were assumed to be equal, because the true aliele frequency for
this population is unknown. To avoid obtaining a false-positive result due to using too low an
aliele frequency for a common aliele, the linkage analysis was also carried out with the allele
frequency doubled for the aliele that segregates with the disease aliele. We used the
Marshfield map (Center for Medical Genetics, Marshfield Medical Research Foundation)
and the Whitehead RH map (Whitehead Institute for Biomédical Research/MIT Center for
Genome Research) to arrange the markers, but the reference genetic map used for the
analysis was generated by the Cooperative Human Linkage Center (CHLC) from combined
CEPH data (Murray et al, 1994)

Haplotype analysis

Genotypes for five DNA markers were determined for the members of families A and B.
Recombination events are recognized on the basis of haplotypes passed from parents to
children. Alleles for the five markers were grouped in the most likely haplotype, with the
paternal haplotype on the left and the maternal haplotype on the right.

Hétérozygote identification

RESULTS

Individuals identified from the pedigrees as possible heterozygotes were invited for
participation. The shortest identified region of linkage was used as a haplotype and it was
made of three microsatellite markers. In family A, individual 1V.6 did not want to know her
carrier status. In family B, the maternal uncle 111.3 agreed to participate. In family C, all of
the offspring of individuals VII. 1 and VI1.3 (14 individuals) agreed to participate

Clinical picture

Individuals 1V.3 and IV.5 of family A are currently 21 and 18 years old, respectively. Both
presented at the age of about 3 with bowing of the lower limbs, which was corrected
surgically. They both acquired progressive limitation in movement of their jints, as well as
swelling, starting around the age of 8 years. They are both currently short in stature, with
scoliosis and lumbar lordosis. Radiographie findings demonstrate the platyspondyly and the
spinal curvature abnormalities. The X-rays also show enlarged epiphyseal ends of bones,
loss of joint space, and osteoporosis. Individuals IV. 11, IV. 13, and IV. 14 were not
examined by us, but their clinical presentations were similar to their cousins

Individuals IV. 1, IV.2, and 1V.3 of family B are currently 13, 11, and 8 years of age. They all
presented with bowing of the lower limbs around the age of 3 years. The two oldest had
swellings and progressive limitation of almost all joints. The youngest started showing the
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joint involvement just last year, mostly in the fingerjoints. The radiographie findings in all

three are platyspondyly and enlarged epiphyses of all bones.

Linkage results

Haplotypes

Five microsatellite markers were used in the analysis (Fig. 2). These markers spanned a
region of 26 cM on the long arm of chromosome 6 encompassing the PPD gene locus.
Significant LOD scores were obtained for all but one marker (D6S1040) in family B (Table
1). When the aliele frequency was doubled for the marker aliele that segregated with the
disease aliele, the LOD scores remained significant for markers D6S1056, D6S1021,
ATA56D06, and D6S1023. The results also remained significant for these four marker loci
when the disease aliele frequency was varied between 0.01 and 0.0001. A maximum LOD
score of 7.06 at © =0 was obtained for marker ATA56D06. Significant LOD scores for
adjacent markers (D6S1021 and D6S1056) confirm linkage of the disease locus to 6q.

The linkage phases could not be absolutely determined due to the lack of a third generation.
The change in the arrangement of the haplotypes in individual 1V.2 of family A could not
have happened unless a recombination in one of the parent’s méioses took place. This
suggests that D6S1021 is the centromeric boundary for the disease locus.

Heterozygote identification

For carrier identification, we used only the three markers that encompass the gene ina 2.1-
cM interval. Figure 3 shows the disease haplotype for families B and C. Affected individuals
are homozygous for the disease haplotype and obligate carriers are heterozygous for the
disease haplotype. In family B, the maternal uncle (111.3), had one copy of the disease
haplotype denoting that he is a carrier of the disease gene. Figure 3 shows that the sibship of
VII. 11 -V111-16 are not carriers, because their father is not a carrier and their mother is not
related to their father. Five out of eight individuals in the sibship of VI1.17-VI111-24 are
carriers. A crossover having two alieles of the disease haplotype was present in one
individual VI1I. 19, giving her a probability of 98% of being a carrier. Two individuals did
not have the disease haplotype and were, thus, non-carriers.

DISCUSSION

The analysis of these two Jordanian families clearly supports linkage of the disease gene to
the previously assigned locus (EI-Shanti et a/, 1998). Three other families from different
geographical locations were reported to have the same locus (Fischer et a/, 1998). Thus far, a
total of 6 families show linkageto the same locus without suggestion of locus heterogeneity.
Linkage data to date support that PPD is a homogeneous disorder, although locus
heterogeneity cannot be conclusively excluded.

Crossing over defined the margins of the locus interval; this was reflected as a change in the
arrangement of the haplotype in one offspring due to recombination in one ofthe parent’s
meioses. The identity of this parent could not be ascertained due to lack of grandparental
genotypes. Nevertheless, a change in the haplotype arrangement is an evidence of crossing
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over, which places marker D6S1021 as the centromeric boundary of the region of linkage.
The telomeric boundary of the region is D6S1023, which has been reported previously (El-
Shanti ef af, 1998). This places the responsible gene between marker D6S1021 and marker
D6S1023. This region is estimated to be 2.1 cM on the basis of CHLC reference maps
obtained from combined CEPH data.

The disease-causing aliele is not in linkage disequilibrium with a certain allelic constitution
of the three markers— D6S1021, ATA56D06, and D6S1023—in that order from centromere
to telomere in the three families studied and in the three chromosomes that carry the disease-
causing gene. A common haplotype was not present amongst chromosomes of families from
Jordan. In fact there were three distinct haplotypes in these families. The absence of a
common haplotype, as evidenced by the absence of linkage disequilibrium between the
disease-causing gene and specific alieles of the linked markers makes it unlikely that there is
an original mutation that is responsible forall PPD chromosomes.

The telomeric boundary for the region of linkage was defined previously by marker
D6S1023 (El-Shanti et a/, 1998). In this study, the centromeric boundary was defined using
haplotype analysis as marker D6S1021, thus narrowing down the region of linkage.
COL10A1 gene and prolyl endopeptidase, a procollagen-processing enzyme, are potential
candidate genes that map to 6922 (Fischere et a/., 1998). However, no mutations were
identified within the coding sequence of COL10AL gene (El-Shanti et a/, 1998). In addition,
analysis of radiation hybrids for a 3-cM interval did not contain the two proposed genes
(Fischer et al, 1998). Accordingly, we did not pursue these candidate genes further. The five
markers used spanned a region of 26 cM, whereas the three middle markers spanned a
region of 2.1 cM, on the basis of CHLC reference maps obtained from combined CEPH data
(Murray et al, 1994). A distance of 2.1 cM indicates a probability of 2.1% recombination. A
recombination event, evidenced by a change in the three marker haplotypes, leaving two
alieles unchanged will give us a probability of about 98% that the individual is a carrier.
When there is no recombination, the probability of prediction of carrier status approaches
100%. The region is too small for two crossover events.

In family C, the offspring of individual VII. 1 were not carriers, and this was expected
because this individual does not have the disease gene and his wife is not related to him.

Carrier detection is a useful way to prevent the expression of the disorder in these large
inbred families. Consanguineous marriage in Jordan and in the Arab countries in general is a
widespread custom, and this practice leads to the expression of very rare disorders such as
PPD. Our simple and inexpensive test provides an efficient tool for testing couples from
within the family with the intention of marriage by giving them the exact probability of
having affected children. This will lessen the problem of having more affected individuals in
the family. In addition, any monogenic disorder that is autosomal recessive with a known
locus could be handled with the same approach.
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13 14 15

Family C

Pedigrees of the three unrelated families. Blackened symbols denote affected individuals.
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FAMILY A LWLl _IV.L IV2 IV3 IV4 IVS IV6 2
D6S1056 35 51 |31 55 35 |55] 1,5
D6S1021 34 41 31 44 31 aa 1,4
ATA56D06 46 64 48 66 44 66 46
D6S1023 46 64 46 66 44 66 46
D6S1040 44 42 44 44 42 44 24
FAMILY B HLl IV1 IV2 IV3 V4 MI2
D6S1056 45 44 44 44 55 45
D6S1021 L5 L1 L1 11 55 15
ATAS6D06 25 22 22 22 55 25
D6S1023 25 22 22 22 55 25
D6S1040 12 L1 L1 21 [Z21] 1.4
FAMILYC 6.1 7.1 72 7.3 51 74 82 7.7 88 89 810 7.8 6.7 68
D6S1056 64 3,6 3,4 34 34 44 44 44 44 44 44 44 14 42
D6S1021 42 34 32 32 32 22 32 22 22 22 22 24 42 44
ATAS6D06 1,6 7.1 7,6 7.6 7,6 66 66 66 66 66 66 63 46 3.4
D6S1023 1,6 7.1 65176 7.6 66 6,6 66 66 66 66 63 46 34
D6S1040 4,2 44 122142 42 22 32 22 23 22 22 23 22 34

FIG. 2

Partial pedigrees of the affected families including all genotyped individuals. The
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genotyping data for the five listed markers are shown as a haplotype. Open boxes denote
centromeric and telomeric boundaries of the region of linkage.
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Family C

FIG. 3.
Pedigrees of families B and C showing the three marker haplotypes for the maternal uncle

from family B and the off-spring of individuals VII. 1 and VI11.3 from family C. Individuals
marked with an asterisk are carriers.
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Two LOD Scores for Each of the Three PPD Families with Five Chromosome 6 Markers

Recombination fraction

Locus Family 0.00 001 005 010 0.20
D6S1056 A 165 161 144 124 085
B 186 183 167 146 1.04

C 239 234 210 181 123

590 578 521 451 312

D6S1021 A 165 161 146 128 0.90
186 183 167 146 1.04

C 330 322 291 251 174

681 666 6.04 525 3.68

ATA56D06 A 158 154 137 117 0.76
190 18 170 150 1.06

C 358 350 320 280 201

706 690 627 547 3.83

D6S1023 A 158 154 137 117 0.76
190 186 170 150 1.06

Cc -oo 192 230 222 172

-co 532 537 489 354

D6S1040 A 088 086 0.77 0.66 045

-0 -0.11 044 054 047

C -co  -059 054 082 0.76

-co 016 175 202 1.68
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