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Abstract

Objective of this work was to investigate the
role of single nucleotide polymorphisms (SNPs)
at position +489 of the tumor necrosis factor
(TNF)-a. gene in genetic susceptibility and severity
of psoriatic arthritis (PsA). Fifty-seven Caucasian
PsA patients diagnosed according to CASPAR
criteria and 155 healthy matched controls

were studied. PASI score, DAS28 and Disability
Index HAQ were calculated. Genomic DNA was
extracted from peripheral blood samples and
SNPs +489 G>A (rs 80267959) were amplified by
PCR. The SNP +489 genotype was significantly
associated with PsA susceptibility (p=0.0136) and
severity of clinical and laboratory parameters (p
values ranging from 0.016 to 2.908 x 102).

The difference in severity was accounted for

by the differences between the AA and GA
genotypes with respect to the GG genotype.
These findings suggest that TNF-a gene
polymorphisms may influence PsA susceptibility
and severity.

Psoriatic arthritis (PsA) is a complex immune-
mediated disease that results from the interplay
between multiple genetic and environmental
factors [1]. Although the pathogenesis of PsA
remains elusive, there is evidence that genetic
factors may contribute to the etiology of the
disease [2]. It has been estimated that at least
one third of the genetic contribution to PsA
resides in the major histocompatibility complex
(MHC) region [2]. The tumor necrosis factor
(TNF)-o gene, which is located in the short arm
of chromosome 6 in the MHC class 1l region
between the HLA-B and HLA-DR genes, has been
proposed as a major candidate gene in PsA [3].
This hypothesis is supported by studies which

have found high serum, synovial fluid and synovial
membrane TNF-a levels in patients with PsA
[4,5].

Several single nucleotide polymorphisms (SNPs)
have been identified in the TNF-a. gene promoter
[6]. In particular, two common polymorphisms,
namely G to A substitutions at positions -238
and -308 have been studied in patients with

PsA. However, association studies of these two
TNF-a polymorphisms and genetic susceptibility
to PsA have lead to conflicting results [7-12].
Previous studies have indicated the potential role
of the SNP at +489 position in the first intron

of the TNF-a. gene in the susceptibility to some
rheumatic autoimmune diseases like rheumatoid
arthritis [13], systemic lupus erythematosus [14]
and systemic sclerosis [15]. However, to our
present knowledge, studies on the association of
+489 polymorphism with PsA susceptibility and
response to TNF-o. inhibitors are not reported in
the literature. In this study we investigated the
role of SNPs at +489 within the TNF-c. gene in
PsA susceptibility and severity.

Materials and Methods
Patients and treatment

Fifty-seven Caucasian unrelated patients with PsA and 155
unrelated healthy Caucasian controls similar for sex, age
and the ltalian geographical origin were enrolled. The study
was approved by the local Hospital Ethics Committee.
Inclusion criteria were: age above 18 years, PsA diagnosed
according to the CASPAR criteria [16]. PsA was classified
according to the pattern of peripheral joint disease as
oligoarticular (<5 joints ever involved) or polyarticular (>5
joints ever involved). Plain radiographs of the hands and
feet were obtained and the distal interphalangeal, proximal
interphalangeal (PIP), metacarpophalangeal and carpal joints
in the hand and the PIP and metatarsophalangeal joints

in the feet were examined.The presence of erosions and
periostitis was recorded. Spinal involvement was defined as
a history of inflammatory back pain or imaging evidence of
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sacroiliitis or spondylitis. Psoriasis was classified as type 1
(onset at age <40 years) or type 2 (onset at age 240 years).
The Psoriasis Area and Severity Index (PASI) score, the
Disease Activity Score (DAS) 28 and the Disability Index
Health Assessment Questionnaire (HAQ) were also
calculated. [17,18].

Molecular analysis

Genomic DNA was extracted from peripheral

blood samples according to standard protocols. The
polymorphisms of SNP +489 G>A (rs80267959), located
in intron1 of TNF-a gene, were investigated. The genomic
region of TNF-a including this SNP was amplified by
polymerase chain reaction (PCR) by standard protocol
and polymorphisms were genotyped by direct sequencing.
Sequencing reactions were performed using BigDye
Terminator Sequencing Kit v3.1 (Applied Biosystems),
according to the manufacturer’s instructions, and resolved
on an ABI 3100 - Avant automated sequencer (Applied
Biosystems, Foster City, CA). Hardy—Weinberg equilibrium
was assessed in the sample series to identify potential
genotyping errors. No deviation from Hardy-Weinberg
expectation was found on both populations.

Statistical analysis

The hypothesis of genotypic and allelic associations
between the SNP and the disease were tested by Pearson’s
chi-squared test with 1df and Yates's continuity correction
or by Fisher's exact test as appropriate. The statistical
significance level was set at p = 0.05.Associations between
SNP+489 genotypes and clinical parameters regarded

as quantitative traits were calculated by the Wald test
implemented in PLINK [19].The differences between

the means among the genotypes have been confirmed by
ANOVA and posthoc internal comparisons by the Kruskal-
Wiallis non parametric test.The clinical traits regarding the
number of joints affected have also been dichotomized as
equal or below 5 and above 5, and the comparison of allelic
distributions among the two groups has been carried out
by Fisher’s exact test.

Results
Patients population

Patients population included 57 patients (25 males and
32 females) with a mean age of 50 + 7 years and a mean
disease duration of 12 t 2 years (Table 1).

Table 1. Baseline characteristics of patients. Values are *number and
percentage or **mean £ SD

ale/Female 25 (44%) | 32 (56%)*
Age 50 £ 7+
Disease duration (years) 12+ 2

Psoriasis: type 1/type 2 11 (19%) / 46 (81%)
Oligoarticular (< 5 joints) 20 (35%)
Polyarticular (> 5 joints) 37 (65%)
Swollen joint count 127
Tender joint count 169
Erythrocyte sedimentation rate
71
(mm/15t h) 5 8
C-reactive protein (mg/dl) 14+4
Disease Activity Score (DAS)28 5.60 £ 0.45
Psoriasis Area and Severity Index
11.27 £ 3.26
(PASI) score 3
Visual analogic scale (VAS) of pain 48 + 9.26
Physician’s global assessment of
disease activity (PhGADA) 56+1033
Patient’s global assessment of disease
4 + 9.
activity (PGADA) 54£9.04
Disability Index Health Assessment
+0.74
Questionnaire (HAQ) 2+0

Baseline characteristic of patients indicate that the majority
of them was affected by type 2 psoriasis, by polyarticular
involvement and by active disease as shown by the elevated
ESR, PCR, DAS28 and PASI mean levels as well as by VAS,
PhGADA, PGADA and HAQ mean values (Table 1). Plain
radiographs of hands and feet were obtained in 42 patients.
Thirty-three of them (78.6%) had joint erosions of hands
and feet, and 13 (31%) had radiographic signs of periostitis.
Magnetic resonance imaging demonstrated sacroiliitis in 8
(14%) and spondylitis in 5 (9%) patients.

Associations between TNF-o gene polymorphisms, PsA
susceptibility and disease severity

The A allele of the SNP +489, was significantly associated
with PsA susceptibility (p = 0.0136) (Table 2).

Table 2. SNP +489 alleles in controls and patients. MAF= minor allele
frequency (namely the frequency of the A allele). *Significance of chi-
square test with Yate’s correction for the allelic association to the disease
(case-control comparison) and Fisher test (two tailed) p-value for the
allelic association in the subgroups comparisons.

Alleles
G A MAF p-value*
N@©) | N®)
Controls | 267 (86) | 43 (22) 0.139
Patients 86 (75) | 28 (25) 0.246 0.0136

The SNP +489 genotype was also strongly associated

with disease severity as shown by its highly significant
association (p < 10”7) with most clinical and laboratory
parameters and, although to a lesser degree, with DAS28
(p = 0.01). In particular, the most significant associations
were those with HAQ and PASI (p = 2.91 x 102 and p =
4.9 x 10°'2, respectively) (Table 3).

The significance of the associations was maintained for all
parameters but DAS28 after correcting for the number of
tests performed. These results were confirmed by ANOVA

as well as by the non parametric Kruskal Wallis test (data 39
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not shown). For each parameter analyzed, the difference in severity was accounted for by the differences between the
AA and GA genotypes with respect to the GG genotype, while no differences in severity could be detected between
individuals carrying the GA and the AA genotype. Dichotomizing the number of swollen and tender joints, based on the
cutoff of minor or equal of 5 and above 5, yield to a similar association, as expected (data not shown), Finally, the SNP
+489 A allele was also significantly associated with the presence of joint erosions, periostitis, sacroiliitis and spondylitis

(Table 4).

Collectively, these data support the role of the SNP +489 A allele not only in disease susceptibility but also in disease

severity.

Table 3. Associations between clinical and laboratory parameters and SNP +489. *See Table 1 for abbreviations. ** Values are mean + SD
*** Significance of the association between the parameters and SNP +489 genotype. Statistical analysis was performed by Wald test (based on
t-distribution) asymptotic two tailed p-value (p-values in italics are those significant after Bonferroni’s correction).

SNP +489 genotype p-value*¥*
Parameters*
GG (N.=34) GA (N.=18) AA (N.=5)
ESR 49.80 + 8.00% 65.70 £ 10.02 72.20 £15.40 1.15x 108
CRP 10.80 £ 1.80 18.10 £ 3.90 17.40 £ 4.00 1.12x 10-9
Swollen joint count 7.20 £ 4.00 18.40 + 5.60 20.20 + 4.60 327x 10-11
Tender joint count 10.20 + 6.60 24.20 + 6.50 25.00 £ 3.90 284x 109
VAS 4240+ 5.10 56.70 + 6.90 54.00 + 11.40 7.36x 108
PhGADA 49.90 £ 5.20 63.90 £+ 9.90 66.00 + 11.40 268x 108
PGADA 48.20 £ 490 62.50 + 6.50 63.00 + 7.60 1.53x 10:10
HAQ 1.20 £ 0.20 230+0.50 2.30+£0.30 291x 10-12
DAS28 5.60 £ 0.50 6.10 £ 1.00 6.20 £ 0.90 001x 102
PASI 880+ 1.00 13.30 £ 240 1340 £ 1.00 490x 10-12

Table 4. SNP +489 dlleles in patients’subgroups. MAF= minor allele frequency (namely the frequency of the A allele). *Significance of chisquare test
with Yate’s correction for the allelic association to the disease (case-control comparison) and Fisher test (two tailed) p-value for the allelic association

in the subgroups comparisons.

Alleles
Patients’subgroups G A MAF p-values*
N (%) N (%)
Joint erosions
Presence 39 (59) 27 (41) 0.409 7
Absence 47 (98) 1(2) 0.021 4.23x10
Periostitis
Presence 10 (38) 16 (62) 0.615 6
Absence 56 (82) 12 (18) 0.136 3.48x10
Sacroiliitis
Presence 6 (37) 10 (63) 0.625 4
Absence 80 (82) 18 (18) 0.184 542x10
Spondylitis
Presence 3 (30) 7 (70) 0.700 3
Absence 83 (80) 21 (20) 0.202 1.96x10

Discussion

PsA has a proved inheritability, as reflected by a relative
risk of 55 among first degree relatives with the disease
[20]. The TNF-a gene has long been considered a major
susceptibility gene in immune-mediated diseases including
PsA [2], however several population studies designed

to evaluate the association between some TNF-a gene

polymorphisms and PsA lead to conflicting results [7-12,

21-24).

The present study analyzed the SNP at the position +489
in the first intron of the TNF-o gene and demonstrated
the strong association between the SNP +489 A allele with
both PsA susceptibility and severity. Indeed, the presence
and progression of joint erosions of the hands and feet

as well as the presence of periostitis, sacroiliitis and
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spondylitis were associated with the SNP +489 A allele.
Mullighan et al. [25] reported that the SNP +489 A allele
may be associated with increased TNF-« levels, suggesting
that a genetic predisposition to produce higher levels

of TNF-a is an important factor in the development of
erosions. Significantly increased levels of TNF-o. have been
found in PsA serum, synovial fluid and synovial membrane
[4.5] and our study suggests that the SNP +489 A allele,
directly or in association with other polymorphisms, could
influence the events that lead to the development and
progression of joint erosions.

In conclusion, our findings suggest that the SNP +489 A
allele, alone or in association with other polymorphisms in
the same region, could influence the genetic susceptibility
to PsA and the severity of the disease.

References

Gladman D.D., Rahman P. 2001. Psoriatic arthritis. In: Kelly’s
textbook of rheumatology (6th ed.) (S. Ruddy, E.D.Harris,
C.B.Sledge, R.C.Budd, J.S.Sergent Eds.) W.B. Saunders Co.,
Philadelphia, 1071-1079.

Bowcock A.M., Cookson W.O. 2004.The genetics of psoriasis,
psoriatic arthritis, and atopic dermatitis. Hum. Mol. Genet., 13
(Spec. No. 1): R43-55.

Kane D., FitzGerald O. 2004.Tumor necrosis factor-alpha
in psoriasis and psoriatic arthritis: a clinical, genetic, and
histopathologic perspective. Curr. Rheumatol. Rep., 6: 292-298.

Danning C.L., lllei G.G., Hitchon C., Greer M.R., Boumpas D.T,,
Mclnnes |.B. 2000. Macrophage-derived cytokine and nuclear
factor kappaB p65 expression in synovial membrane and skin
of patients with psoriatic arthritis. Arthritis Rheum., 43:1244—
1256.

Partsch G., Steiner G., Leeb B.F, Dunky A., Broll H., Smolen J.S.
1997. Highly increased levels of tumor necrosis factor-alpha
and other proinflammatory cytokines in psoriatic arthritis
synovial fluid. J. Rheumatol., 24:518-523.

Hohler T., Kruger A., Schneider PM., Schopf R.E., Knop J., Rittner
C.,Meyer zum Biischenfelde K.H., Marker-Hermann E. 1997.
A TNF-o. promoter polymorphism is associated with psoriasis
and psoriatic arthritis. J. Invest. Dermatol., 109:562-565.

Hohler T., Grossmann S., Stradmann-Bellinghausen B., Kaluza
W, Reuss E., de Vlam K., Veys E., Mirker-Hermann E. 2002.
Differential association of polymorphisms in the TNFa region
with psoriatic arthritis but not psoriasis. Ann. Rheumn. Dis., 61:
213-218.

Balding )., Kane D, Livingstone W, Mynett-Johnson L., Bresnihan B.,
Smith O, FitzGerald O. 2003. Cytokine gene polymorphisms:
association with psoriatic arthritis susceptibility and severity.
Arthritis Rheum., 48: 1408-1413.

Gonzalez S., Brautbar C., Martinez-Borra J., Lopez-Vazquez A,
Segal R., Blanco-Gelaz M.A., Enk C.D,, Safriman C., Lopez-
Larrea C.2001. Polymorphism in MICA rather than HLA-
B/C genes is associated with psoriatic arthritis in the Jewish
population. Hum. Immunol., 62: 632-638.

Gonzalez S., Martinez-Borra ., Lopez-Vazquez A., Garcia-
Fernandez S., Torre-Alonso ].C., Lopez-Larrea C. 2002. MICA
rather than MICB,TNFA, or HLADRB1 is associated with
susceptibility to psoriatic arthritis. J. Rheumatol., 29: 973-978.

Hamamoto Y., Tateno H., Ishida T., Muto M. 2000. Lack of
association between promoter polymorphism of the tumor
necrosis factor-alpha gene and psoriatic arthritis in Japanese
patients. J. Invest. Dermatol., 115: 1162-1164.

Nishibu A., Oyama N., Nakamura K., Kaneko F. 2002. Lack of
association of TNF-238A and -308A in Japanese patients with
psoriasis vulgaris, psoriatic arthritis and generalized pustular
psoriasis. J. Dermatol. Sci., 29: 181-184.

van Krugten M.V, Huizinga TW,, Kaijzel E.L., Zanelli E., Drossaers-
Bakker K.W., van de Linde P, Bakker A.M., Breedveld FC.,
Huizinga TW,,Verweij C.L. 1999.Association of the TNF +489
polymorphism with susceptibility and radiographic damage in
rheumatoid arthritis. Genes Immun., 1: 91-96.

LinYJ., Chen R.H.,Wan L., Sheu ).C., Huang C.M,, Lin C.W,, Chen
S.Y, Lai C.H,, LanY.C,,Hsueh K.C.,Tsai C.H., Lin T.H., Huang
Y.M., Chao K., Chen D.Y,, Tsai FJ. 2009. Association of TNF-
alpha gene polymorphisms with systemic lupus erythematosus
in Taiwanese patients. Lupus, 18: 974-979.

Tolusso B., Fabris M., Caporali R., Cuomo G., Isola M., Soldano F.,
Montecucco C.,Valentini G., Ferraccioli G. 2005. -238 and
+489 TNF-alpha along with TNF-RII gene polymorphisms
associate with the diffuse phenotype in patients with Systemic
Sclerosis. Immunol. Lett., 96: 103-108.

Taylor W, Gladman D., Helliwell P, Marchesoni A., Mease P,
Mielants H., CASPAR Study Group. 2006. Classification
criteria for psoriatic arthritis: development of new criteria
from a large international study. Arthritis Rheum., 54: 2665-
2673.

Felson D.T.,Anderson }.J., Boers M., Bombardier C., Furst D.,
Goldsmith C., Katz L.M., Lightfoot R Jr., Paulus H., Strand
V. 1995. American College of Rheumatology. Preliminary
definition of improvement in rheumatoid arthritis. Arthritis
Rheum., 38: 727-735.

Fransen J.,van Riel PL. 2006. DAS remission cut points. Clin. Exp.
Rheumatol., 24:5-29-32.

Purcell S., Neale B, Todd-Brown K., Thomas L., Ferreira M.AR,
Bender D., Maller )., Sklar P, de Bakker Pl., Daly M.J., Sham
P.C. 2007. PLINK: a toolset for whole-genome association
and population-based linkage analysis. Am. J. Hum. Genet., 81:
560-575.

loannidis ).P, Ntzani E.E., Trikalinos T.A., Contopoulos-loannidis
D.G. 2001. Replication validity of genetic association studies.
Nat. Genet., 29: 306-309.

Rahman P, Siannis F, Butt C., Farewell V., Peddle L., Pellett . 2006.
TNFa polymorphisms and risk of psoriatic arthritis. Ann.
Rheum. Dis., 65: 919-9283.

Huizinga T.W.,, Pisetsky D.S., Kimberly R.P.2004.Associations,
populations, and the truth: recommendations for genetic
association studies in arthritis and rheumatism. Arthritis
Rheum., 50: 2066-2071.

loannidis ).P, Trikalinos T.A., Ntzani E.E., Contopoulos-loannidis
D.G. 2003. Genetic associations in large versus small studies:
an empirical assessment. Lancet, 361: 567-571.

D’Alfonso S., Momigliano Richiardi P. 1996.An intragenic
polymorphism in the human tumor necrosis factor alpha
(TNFA) chain encoding gene. Immunogenetics, 44: 321-322.

Mullighan C.G., Fanning G.C., Chapel H.M.,Welsh K.I. 1997.
TNF and lymphotoxin-alpha polymorphisms associated with
common variable immunodeficiency: role in the pathogenesis
of granulomatous disease. J. Immunol. 159: 6236-6241.

41





