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EXTENDED REPORT

A polymorphic variant inside the osteopontin gene
shows association with disease course in
oligoarticular juvenile idiopathic arthritis
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Background: Oligoarticular onset juvenile idiopathic arthritis (JIA) has a variable disease course. In some
patients the disease remains confined to a few joints (persistent oligoarticular) while in others it extends to
affect more joints (oligoarticular extended). Osteopontin is thought to play a role in the pathogenesis.
Objective: To investigate whether a polymorphic variant in the human osteopontin gene, which is in
linkage disequilibrium with recently characterised promoter variants, is associated with the disease course
in oligoarticular JIA.

Methods: Genotyping of the two base pair insertion/deletion variant at +245 in the first intron was
undertaken by polymerase chain reaction (PCR) amplification of DNA fragments, using a fluorescently
labelled primer, followed by allele detection after rapid separation of PCR products on an automated DNA
sequencer.

Results: Allele 2 of the polymorphic variant in the osteopontin first infron was significantly associated with
the persistent oligoarticular form rather than the extended form of JIA. This was verified at the level of
genotype and dllele frequencies.

Conclusions: The results suggest that osteopontin gene polymorphism is associated with the disease course
in oligoarticular JIA and might therefore represent a useful genetic marker to characterise patients with
oligoarticular JIA who are at risk of a worse outcome.

lated glycoprotein expressed by different cell types,

including osteoblasts, osteoclasts, chondrocytes,
smooth muscle cells, epithelial cells, macrophages, and
activated T lymphocytes.' > The SPP1 gene is mapped on
chromosome 4q21-q25. Functionally, osteopontin interacts
with a variety of cell surface receptors. Its binding to these
receptors stimulates cell adhesion, migration, and specific
signalling functions. Osteopontin has a major role in bone
resorption, angiogenesis, and tumorigenesis and has been
shown to mediate various inflammatory mechanisms includ-
ing modulation of macrophage adhesion, migration and
phagocytosis, and stimulation of Th1 orientation of adaptive
immunity. In view of its critical role in various immunolo-
gical responses, osteopontin has recently been proposed as a
new pro-inflammatory cytokine.

Several studies have suggested an important role for
osteopontin in the pathogenesis of inflammatory arthritis.
In murine collagen induced arthritis, osteopontin was
detected in synovial tissues and at the sites of osteoclast
mediated bone resorption.” In collagen antibody induced
arthritis it has been shown that osteopontin deficient mice
have marked attenuation of joint swelling and articular
cartilage destruction compared with arthritis in wild type
mice.* In humans, osteopontin mRNA and protein have been
found to be overexpressed in the synovial lining layer, the
sublining layer, and the cartilage—pannus junction in patients
with rheumatoid arthritis and juvenile idiopathic arthritis
(JIA). Moreover, in both conditions, a significantly increased
expression of osteopontin has been found in synovial fluid
with respect to paired plasma samples.””

JIA is a heterogeneous condition that comprises all forms
of arthritis of unknown origin, persisting for more than six

Osteopontin, also named Eta-I or SPPI, is a phosphory-
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weeks, and with onset before 16 years of age. It is currently
classified into different types according to symptoms at
onset.” Oligoarticular onset JIA is considered the most
homogeneous and well defined form.” This form, which is
typical of childhood and is not observed in adults, is
characterised by asymmetrical arthritis, early onset (usually
before six years of age), female predilection, a high frequency
of positive antinuclear antibodies (ANA), and a high risk of
developing chronic anterior uveitis. A strong association with
some HLA alleles and in particular with DRB1*0801 (DRw8)
confirms that these patients represent a homogeneous
entity."”"* This presumably homogeneous disease entity has,
however, a heterogeneous prognosis which varies according
to the number of joints involved. The arthritis may remain
confined to a few joints (oligoarticular persistent subgroup)
or involve more than four joints after the first six months of
disease (oligoarticular extended subgroup), a feature that
occurs in up to 50% of cases.” The factors responsible for
disease extension are unknown, and it is conceivable that
genetics are involved. Thus the analysis of polymorphisms
within candidate genes represents a useful approach to
identifying susceptibility genes for JIA disease course.
Several polymorphisms have been described inside the
osteopontin gene, some of which are associated with systemic
lupus erythematosus, multiple sclerosis, and autoimmune
lymphoproliferative syndrome.''* We have recently identi-
fied a polymorphic variant, consisting of a two base pair
insertion/deletion (ins/del) in the first intron of the
human osteopontin gene' at +245, and have functionally

Abbreviations: ILAR, International League of Associations for
Rheumatology; ins/del, insertion/deletion; JIA, onset juvenile idiopathic
arthritis; TDT, transmission disequilibrium test
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Table 1 Clinical characteristics of the patients
Oligoarticular JIA
Persistent Extended Total No
No of patients 73 (61.3%) 46 (38.7 %) 119
Male 11 (15.1%) 9 (19.6%) 20
Female 62 (84.9%) 37 (80.4%) 99
Iridoeyclitis 20 (27.3%) 13 (28%) 33
ANA positive 70 (95.8%) 42 (91.3%) 112
Onset age (years) (mean (median)) 3.58 (3.02) 4.06 (3.52) 3.82 (3.4)
Disease duration (years) (mean (median)) 3.49 (3.5) 3.79 (3.5) 3.61(3.5)

Values are n (%).

ANA, antinuclear antibody; JIA, juvenile idiopathic arthritis.

characterised other promoter polymorphisms in strict linkage
disequilibrium with it, which affect promoter activity.” A
recently published case—control study of osteopontin poly-
morphisms in rheumatoid arthritis failed to detect a
significant correlation®'; however, there has been no previous
investigation involving JIA.

In view of the potential role of osteopontin in the
progression of chronic arthritis and the presence of intragenic
polymorphisms related to the regulation of gene expression,
we have investigated the possible association of the intronic
ins/del polymorphism in the occurrence and disease course of
oligoarticular JIA. Genotyping of this ins/del polymorphism is
particularly convenient as it can be rapidly achieved by
separation in a capillary DNA sequencer after a simple
polymerase chain reaction (PCR).

METHODS

Patient characterisation

We evaluated consecutively 119 patients (20 male, 99 female)
with oligoarticular onset JIA according to the ILAR criteria®
and followed up for at least two years. Seventy three patients
had a persistent oligoarticular form (persistent involvement
of four or fewer joints) and 46 an extended oligoarticular
form (involvement of more than four joints after the first six
months of disease). Polyarticular progression among patients
with oligoarticular onset JIA most often occurs during the
first two years of disease."” The main clinical characteristics of
the patients are shown in table 1.

All patients were rheumatic factor (RF) negative. Positive
antinuclear antibodies (ANA) were found in 94% of the
patients examined. Patients were defined as being ANA
positive if they had at least two positive results on indirect
immunofluorescence at a titre of =1:160.

A peripheral blood sample was collected at a control visit
for DNA genotyping after informed consent had been
obtained.

Genotyping

All participants were genotyped for a biallelic ins/del variant,
with the two alleles differing for a two nucleotide repetition
(TG/TGTG), at +245 in the first intron of the osteopontin
gene."” Briefly, PCR was done on genomic DNA using a
specific pair of primers to amplify the intronic fragment,
including the polymorphic variant. A 5’ fluorescence labelled

sense primer (5'-6FAM-TGGGTTGTGCATTCAGCTG-3") and
four different antisense primers (R1: 5'-TTAGCATCGGT
GGTTTCCG-3'; R2: 5 -TTTTGAGGACCCAGTGGAAG-3'; R3:
5'-CCTGCACAGTCACCCACTG-3'; R4: 5'-CAGTGGCATTATTC
AGAAAGGG-3") were used to analyse the repetition variant
on an automatic ABI PRISM 3100 DNA sequencer. The use of
four different reverse primers allowed us to analyse four
samples per electrophoretic run. PCR was carried out in a 15
pul volume containing 10x PCR Gold Buffer (Applied
Biosystems, Foster City, California, USA), 200 pmol of each
dNTP/], 1.5 mmol of MgCl,/l, 0.5 U AmpliTaq Gold Hot Start
(Applied Biosystems), and 100 ng of genomic DNA. Primer
concentrations were 0.2 pmol/l of each primer. The cycling
conditions were 94°C for seven minutes; 10 cycles of 94°C for
25 seconds, 55°C for 20 seconds, 72°C for 30 seconds, followed
by 30 cycles of 90°C for 25 seconds, 55°C for 20 seconds, 72°C
for 30 seconds, and a final 72°C for 10 minutes. The PCR
products were separated on an ABI Prism 3100 sequencer
with 36 cm capillaries, POP6 and gene scan 500 Rox size
standard, after appropriate setting up of the run method. The
GeneScan analysis program was used to analyse the results of
electrophoresis and attribute the genotype. This method was
validated by genotyping 16 samples, using both the electro-
phoretic procedure and DNA sequencing, and no inconsis-
tencies were found. In addition, no alleles other than TG and
TGTG were found in a total population of more than 500
individuals.

Statistical analysis

Descriptive statistics of the characteristics of the patients
were first reported in terms of mean, median, and standard
deviation for the quantitative variables (age at onset, disease
duration at enrolment, and so on) and in terms of
frequencies for the qualitative variables. Comparison of
allelic and genotype frequency was made by x> based
methods. Fisher’s exact test was used when the expected
value of at least one cell is less than 5. The transmission
disequilibrium test (TDT) was used to test the hypothesis of
linkage disequilibrium between the marker and the disease;
exact probabilities were calculated on the basis of the
binomial distribution in order to take into account the small
number of expected frequencies. All the tests were two sided
and a probability (p) value of less than 0.05 was considered
significant.

Table 2 Genotypic and allelic frequencies

Intron 1+245 TG/TGTG 1/1IN 1/2N 2/2N p Value Allele 1 freq  Allele 2 freq  p Value
Persistent oligoarticular 26 39 8 0.62 0.38
Extended oligoarticular 26 16 4 al 0.74 0.26 Qe

freq, frequency.
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Table 3 Presence versus absence of allele 2

Intron 1 +245 TG/TGTG  2/20r1/2 1/1N p Value PLR
Persistent oligoarticular 47(64%) 26(36%)
Extended oligoarticular 20(43%) 26(57%) 0.033 1.48

PLR, positive likelihood ratio.

RESULTS

Osteopontin polymorphisms and oligoarticular JIA
All patients were genotyped for the biallelic ins/del variant at
+245 in the first intron, which we found to be in strict linkage
disequilibrium with molecular variants in the osteopontin
promoter region.*

When we compared oligoarticular JIA patients with a
group of 200 control individuals with the same geographical
origin for differences in genotype and allele frequencies, we
found no significant differences (data not shown).

Genotypes were in Hardy-Weinberg equilibrium in all
groups tested.

Osteopontin polymorphisms and disease course

We then assessed possible correlations between osteopontin
polymorphism and disease course. Patients with a persistent
oligoarticular course were compared with those with an
extended oligoarticular course. Naming the TG allele of the
intronic osteopontin variant as 1 and the TGTG allele as 2,
and comparing the persistent oligoarticular pattern of the
disease against the extended form, we observed a modifica-
tion of genotype and allele frequencies between the two
groups, although the difference did not reach statistical
significance (table 2A).

We then evaluated presence (2/2 homozygotes plus
heterozygotes) or absence of allele 2 (1/1 homozygotes) as a
parameter to compare the two different JIA subsets. When
we compared the two groups of patients, we found that
presence of allele 2 was significantly more common (64%) in
the persistent oligoarticular group compared with the
extended form (43%) (p=0.033) (table 3), suggesting a
dominant effect of allele 2, which was not observed when
allele 1 was analysed in the same way (not shown).

The association between alleles of the osteopontin intron 1
polymorphism and JIA disease progression was also evalu-
ated by a family based test, the TDT,” in which allele
transmission from heterozygous parents to affected child
overcomes possible problems caused by population differ-
ences in allele frequencies. Results of the TDT test in all
available and informative small family groups indicated that
allele 2 was preferentially non-transmitted in the group of
patients with progression to the extended form, while in the
persistent oligoarticular subgoup the result of the TDT test
was not significant, as shown in table 4.

Table 4 Results of transmission disequilibrium

test
Non-transmitted  Transmitted
Extended form
+245 allele 2 8 1

y? =5.44, p=0.02
Persistent form
+245 allele 2 8 4

12 =1.33,p=0.25
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DISCUSSION

Oligoarticular onset JIA appears to be a relatively homo-
geneous form of JIA.® Nevertheless, despite sharing many
common clinical characteristics (early onset, asymmetrical
arthritis, high risk of acute anterior uveitis, female predomi-
nance, frequent ANA positivity) and HLA gene association
(DRw8), JIA patients have a variable disease course. Some
show a persistent oligoarticular involvement, while in others
the disease extends to affect more than four joints (extended
oligoarticular) and is characterised by a worse prognosis.®
Reasons for these differences in outcome are unknown.

Several previous studies have suggested an important role
for osteopontin in the pathogenesis of inflammatory arthri-
tis,”* in particular the study involving JIA.” Our previous
work on molecular variants located within the osteopontin
gene or an area very close to it in the 5 flanking region'” *°
has provided a rational basis for correlating allele frequencies
with pathophysiological processes. Functional characterisa-
tion of these polymorphisms showed that different alleles
affected the binding of transcription factors and different
allelic combinations in haplotypes caused differential pro-
moter activities. Genotyping the TG/TGTG polymorphism in
the first intron of the osteopontin gene has two advantages:
first, the technique is very convenient and also suitable for
large numbers of samples; second, being in linkage disequili-
brium with other functional variants, allele frquencies can be
related to functional processes.

In the present study, we investigated whether this
polymorphism was associated with the occurrence and
progression of oliogoarticular JIA. When we evaluated this
association in a case—control study, we did not find
significant differences in genotype and allele frequencies
between oligoarticular JIA cases and control subjects. This
was in accordance with recent data on adult patients with
rheumatoid arthritis.*’ However, when we evaluated geno-
type and allele frequencies in subgroups of patients with
oligoarticular JIA in relation to disease course, we observed
that the presence of allele 2—that is, 2/2 and 2/1 indivi-
duals—was significantly associated with the subgroup of
patients in whom the arthritis remained confined to a few
joints (persistent oligoarticular). Thus the TGTG allele
appears to have a dominant protective effect. This was also
confirmed by a family based association analysis, the TDT
test.

Genetic factors may be involved in multifactorial disorders
such as JIA as either disease susceptibility genes or disease
modifying genes, depending on their contribution to the
initiation of the disease process or the progression and
outcome of the disease after its onset. Our results strongly
suggest that the association of oligoarticular JIA with a
polymorphic variant in the human osteopontin gene reflects
an effect on progression of the disease rather than on its
aetiology. Our recent work has shown that allele 2 is in strict
linkage disequilibrium with alleles of promoter variants
which determine low promoter activity,* which is consistent
with the hypothesis that a genetic setting associated with low
osteopontin expression is also correlated with protection
against disease progression. A recent report described an
investigation of the expression of osteopontin in mono-
nuclear cells from rheumatoid synovial fluid, correlating it
with genetic polymorphism of the osteopontin gene and joint
inflammation in adult rheumatoid arthritis.”’> The investiga-
tors found that osteopontin overexpression was correlated
with inflammation but could not show a significant associa-
tion with osteopontin genotype. Our results suggest that a
study of osteopontin expression in joints in an adequate
number of JIA samples, together with genotyping for
functional variants such as those located in the promoter
sequence, is worth undertaking.
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JIA is not a benign condition as many affected individuals
develop articular damage and enter adult life with persis-
tently active disease.”* However, although most children can
be categorised into one of the various JIA subsets after the
first six months of the disease, this still does not allow the
outcome to be predicted reliably because outcome can differ
greatly among patients belonging to the same onset type—as
occurs in oligoarticular JIA.** It is likely to be important to
tailor treatment to the risk of disability very early in the
disease course, and this might become possible if predictive
markers such as genotypes of susceptibility alleles were to
become available. Recently, a polymorphism of the macro-
phage inhibitory factor (MIF) gene has been shown to be a
predictor of poor outcome in systemic onset JIA. However,
this same polymorphism was not associated with a persistent
or extended phenotype in patients with oligoarticular JIA.*

In conclusion, our study suggests that the osteopontin gene
polymorphism which has been identified is associated with
disease outcome in oligoarticular JIA and might therefore be
a useful genetic marker for characterising patients with
oligoartiarticular onset JIA who are at risk of a worse
outcome. Such patients might require more aggressive
treatment earlier during the course of the disease.
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