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Abstract
Background

Psoriatic arthritis (PsA) has been inconsistently associated with common NOD2 gene variants, although some of these 
studies did not include patient stratification by clinical phenotype. 

Objective
To analyse the association between the three common NOD2 variants (R702W, G908R and L1007fs) and clinical 

phenotypes of PsA, particularly with surrogate markers of severe joint destruction.

Patients and methods
A total of 183 unrelated PsA patients and 187 controls were included. Demographic, clinical, biological and 

immunological characteristics were collected. Genotypes for the three common NOD2 gene variants were obtained by 
PCR and direct sequencing. 

Results
NOD2 variants in PsA patients (7.6%) are just as prevalent as in healthy controls (7.5%). 18.5% of PsA patients 

carrying at least one NOD2 variant underwent joint surgery compared with 4.5% of those without these variants (p=0.019). 
Multivariate analysis confirmed this finding (OR 8.82, CI 1.7-46.3). There was no requirement for early 

surgery in patients carrying the NOD2 variants but there was an increased possibility of requiring surgery at similar 
times of disease duration. No other association with clinical features and NOD2 status carrier was found.

Conclusion
Common NOD2 gene variants are not associated with PsA, but might increase the risk of undergoing joint replacement 
surgery, suggesting that this autoinflammatory-associated gene could act as a phenotypic modifier gene in PsA patients    

by increasing the risk of joint destruction. Given the small number of PsA patients with joint surgery included, we consider 
our findings a new hypothesis that will need further testing.
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Introduction
Psoriatic arthritis (PsA) is an immune-
mediated inflammatory disease affect-
ing the skin and joints with a preva-
lence ranging between 0.3 and 1% in 
the general Caucasian population (1), 
and a significant social and economic 
impact (2). The etiology remains un-
known, although it is believed the dis-
ease results from the interplay of genet-
ic, immunological and environmental 
factors. Clinically, PsA is characterised 
by a wide heterogeneity, which proba-
bly reflects the high complexity of PsA 
susceptibility and makes it difficult to 
carry out studies with a large number of 
homogenous clinical phenotypes (3).
With regard to genetic susceptibility to 
PsA, different loci have been described. 
There is general consensus on the rel-
evance of genes located on the HLA 
region, while controversial results from 
non-HLA loci have been reported (4). 
Most recently, the IL23R gene has been 
identified as a psoriasis-susceptibility 
gene in a large-scale genetic-associa-
tion study (5), although its role in PsA is 
unclear. In addition, some reports have 
shown an association between PsA and 
common genetic variants located on 
leucine-rich repeat (LRR) domains of 
the NOD2 gene, although others have 
not (6-8). The NOD2 gene encodes the 
cytosolic receptor Nod2, which be-
longs to the growing family of NOD-
LRR (NLR) receptors and plays a key 
role in sensing pathogen-derived com-
pounds and establishing an adequate 
immune response (9). Interestingly, 
uncommon gain-of-function mutations 
of the NOD2 gene located at the central 
NACHT domain are associated with the 
rare autoinflammatory diseases, Blau 
syndrome and early-onset sarcoidosis, 
while common genetic variants located 
at LRR domains have consistently been 
associated with Crohn’s disease (CD) 
and the need for early and/or recurrent 
surgery (10-13).
Since PsA could share some genetic 
susceptibility and inflammatory mech-
anisms with CD, as may be also sug-
gested by the similar efficacy of meth-
otrexate and TNF-α blocking agents in 
the two diseases (14), we hypothesised 
that common genetic variants at LRR 
domains of the NOD2 gene might also 

play a pathogenic role in PsA. Past stud-
ies addressing this association did not 
include patient stratification by clinical 
phenotypes (6-8).
Among these phenotypes, we believe 
that the group of PsA patients develop-
ing joint destruction may be particular-
ly interesting. We also investigated the 
possible role of these common NOD2 
gene variants in susceptibility to this 
severe clinical phenotype, selecting the 
need for joint surgery as a surrogate 
marker of advanced joint destruction.

Patients and methods
Patients and controls
A total of 183 unrelated consecutive 
Spanish patients meeting the CASPAR 
criteria for PsA (15) from the outpatient 
clinics of the Hospital Clínic of Barce-
lona and Hospital Juan Canalejo of La 
Coruña, and 187 healthy Spanish age 
and sex-matched controls were included. 
The clinical, biological and radiological 
characteristics collected included: sex, 
age of PsA onset, disease duration, age 
of psoriasis onset, main clinical pattern 
(spondylitis, oligoarthritis, polyarthritis), 
enthesitis, nail psoriasis, tendinitis, dac-
tylitis, erosive disease (presence or ab-
sence of an erosion), sacroiliitis (at least 
unilateral grade II), HLA-B27 typing, 
previous treatment with DMARDs, pre-
vious treatment with TNF-alpha antago-
nists, and joint surgery due to inflamma-
tory joint destruction. All participants 
gave written informed consent after ap-
proval of the study by the Ethics Com-
mittee of the Hospital Clinic. The study 
was performed in accordance with the 
principles of the Helsinki Declaration.

NOD2 genotyping
Genomic DNA from whole blood sam-
ples was isolated using QIAmp DNA 
Blood Mini Kit (QIAgen, Hilden, Ger-
many) following the manufacturer’s in-
structions. Specific sequences of exon 
4 (missense mutation R702W), exon 8 
(missense mutation G908R), and exon 
11 (frameshift mutation L1007fs) of the 
NOD2 gene were amplified by polymer-
ase chain reaction (PCR) using specific 
primers and conditions previously pub-
lished (16). PCR products were purified 
using QIAquick purification Kit (QIA-
gen), according to the manufacturer’s 



32

NOD2 variants and joint surgery in PsA / E. Graell et al.

instructions, sequenced using an ABI 
Big Dye Terminator v1.1 Cycle Se-
quencing Kit (Foster City, CA) and run 
on an ABI 3100 automatic sequencer. 
The investigators who determined the 
NOD2 genotypes were blinded to the 
clinical characteristic of the patients. 
Patients categorised as carrying vari-
ants were those with at least one variant 
of the NOD2 gene.

Statistical analysis
Results were analysed using the Statis-
tica 7.0 program (StatSoft, Tulsa, OK, 
USA). For some analyses, the three 
NOD2 gene variants were considered 
both separately and jointly. The Hardy-
Weinberg Equilibrium (HWE) was test-
ed in cases, in controls and in the com-
bined data by an exact test using a sig-
nificance threshold of 0.05. Chi square 
association tests with Yates continuity 
correction or Fisher exact tests were 
performed to compare allele frequen-
cies in 2x2 contingency tables. Multi-
variate logistic regression analysis was 
used to evaluate the effect of the NOD2 
gene variants on selected dichotomous 
clinical features: joint surgery and ero-
sive disease. Carrier and genotype anal-
yses were performed. For the latter, a 
simplified additive model without inter-
action parameters was used with codes 
0, 1 and 2 for genotypes AA, Aa and 
aa, respectively. Covariates included in 
the model were sex, spondylitis, nail 
psoriasis, enthesitis and years of dis-
ease duration. The Student’s t-test and 
multiple linear regression were used to 
evaluate the effect of NOD2 variants 
on the age of disease onset, including 
the same variables in the multivariate 
model as for logistic regression.

Results
Common NOD2 gene variants 
are not associated with PsA
The clinical characteristics of the PsA 
patients included are shown in Table I.
NOD2 genotypes for the three common 
variants were obtained in 183 PsA pa-
tients and 187 controls (See Table II). 
Genotypes were according to HWE ex-
cept for L1007fs which showed a sig-
nificant deviation in PsA patients due 
to the presence of a single patient with 
the L1007fs/L1007fs genotype, which 

was unexpected given the sample size 
and the low frequency of the L1007fs 
allele. We confirmed the accuracy of 
this genotyping by twice processing 
DNA samples carrying at least one 
NOD2 variant. As an independent qual-
ity check of genotyping, we compared 
the frequencies obtained in our con-
trol group with those of other reports 
of Spanish populations, revealing a 
similar overall allelic frequency for the 
uncommon NOD2 variants (7.75% in 
our group vs. 7.0% and 7.8% for other 
Spanish studies) (Table II) (17-19).
The allelic frequencies of each of the 
three common NOD2 variants in PsA 
patients were indistinguishable from 
those of controls (Table II). Since it is 
conceivable that small differences had 
escaped the individual tests for each 
variant, we also compared the total fre-
quencies of the three variants, in order 
to correct this problem and increase 
the power of the study. This analysis 
was possible because the three variants 

were not in linkage disequilibrium or in 
the same haplotype, and the three were 
assumed to have a similar effect, as has 
been previously considered in CD. The 
overall analysis also showed that allelic 
frequencies were very similar between 
PsA patients and healthy controls (Ta-
ble II), reasonably excluding the pos-
sibility of any major effect of common 
NOD2 gene variants in susceptibility to 
PsA in our population.

Common NOD2 gene variants 
are associated with joint surgery
We investigated whether the overall fre-
quency of carriers of the three common 
NOD2 gene variants had any effect on 
the clinical features of PsA, focusing 
on three features related to PsA sever-
ity: erosive disease, requirement for 
joint surgery due to inflammatory joint 
destruction, and age at disease onset. 
Univariate analyses showed no effect of 
carrying any of the variants in erosive 
disease (55.6% in carriers vs. 61.8% 

Table I. Clinical characteristics of PsA patients.

Females, % (N/AD) 48.6 (89/183)
Spondylitis, % (N/AD) 33.7 (61/181)
          Axial, % (N/AD) 4.4 (8/181)
          Mixed, % (N/AD)   29.3 (53/181)
Oligoarthritis, % (N/AD) 13.8 (25/181)
Polyarthritis, % (N/AD) 53.6 (97/181)
Nail psoriasis, % (N/AD) 42.6 (75/176)
Enthesitis, % (N/AD) 35.5 (64/180)
Tendinitis, % (N/AD) 40.4 (55/136)
Dactylitis, % (N/AD) 47.1 (65/138)
Erosive disease, % (N/AD) 60.7 (99/163)
Radiographic sacroiliitis, % (N/AD) 42.3 (66/156)
HLA-B27, % (N/AD) 21.1 (30/142)
DMARDs, % (N/AD) 85.2 (159/183)
TNF-α antagonists, % (N/AD) 20.2 (37/183)
Joint replacement surgery, % (N/AD) 6.6 (12/182)
Age of PsA onset, M (IR)   39.8 (30.5-52.0)
Disease duration (years), M (IR)  10.0 (5.9-17.5)
Age of psoriasis onset*, M (IR) 29.9 (19.1-45)
  
*This characteristic was available from 134 patients. N/AD = Number/Available data; M (IR) = Median 
(Interquartile  Range).

Table II. Allelic frequencies of NOD2 variants in PsA patients and healthy controls.
 
 R702W G908R L1007fs Overall analysis

 % (n/N*) p %  (n/N) p % (n/N) p % (n/N) p

PsA (N= 183)  3.82  (14/366)  1.64 (6/366)  2.18   (8/366)  7.65 (28/366)
Control (N=187)  5.08  (19/374) ns 1.87 (7/374) ns 0.80 (3/374) 0.2 7.75 (29/374) ns
Ref.17 (N=165)  5.8    1.0   1.0    7.8 
Ref.18 (N=454)  5.3    0.7   1.1    7.0 

*n/N: number of this allele/total number of alleles.
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in non-carriers) or age at disease on-
set (40 years in carriers vs. 41.2 years 
in non-carriers). However, there was a 
statistically significant difference in the 
prevalence of joint replacement surgery 
(18.5 % in carriers vs. 4.5 % in non-car-
riers; p=0.019) (See Table IIIA). The 
frequency of joint replacement surgery 
in PsA patients with NOD2 for each of 
the three variants was 14.3, 33.3 and 
14.3 % in patients carrying the R702W, 
G908R and L1007fs variants, respec-
tively, compared with 5.9, 5.7 and 6.3% 
in non-carriers. (Table IIIB). A similar 
percentage of replacement surgery was 
observed for both centres: 19% in car-
riers vs. 5% in non-carriers in the Hos-
pital Clinic of Barcelona and 16.6% in 
carriers vs.  2.6% in non-carriers in the 
Hospital Juan Canalejo of La Coruña.
The multivariate analysis showed simi-
lar results. Logistic regression analysis 
showed no effect of NOD2 carrier sta-
tus on the presence of erosive disease. 
Covariates in this analysis were sex, 
years of disease duration, and presence 
of spondylitis, enthesitis or nail psoria-
sis. Only the variable years of disease 
duration was independently and posi-

tively associated with erosive disease 
(p=0.0007). Similarly, there was no 
significant effect of NOD2 carrier sta-
tus on age at PsA onset in the multi-
ple linear regressions including all the 
above-mentioned covariates (with the 
exception of disease duration, which 
was dependent on age at disease on-
set). In contrast, the multivariate analy-
sis confirmed the association between 
joint surgery and NOD2 carrier status. 
The logistic regression model includ-
ing all the above-mentioned covariates 
showed a stronger effect of the pres-
ence of common NOD2 variants (OR 
8.82, C.I. 1.7-46.3) than that observed 
in the univariate analysis (OR 4.81, 
C.I. 1.4-16.6). This stronger associa-
tion was mainly due to a positive inter-
action with the variable disease dura-
tion, as shown by the increased OR in a 
logistic regression model that included 
only this covariate together with NOD2 
carrier status (OR 7.19, C.I. 1.8-29.5, 
p=0.006). The variable disease dura-
tion was positively correlated with the 
presence of joint surgery (p=0.00016).
In order to visualise the characteris-
tics of this interaction we stratified 

our population of PsA patients by their 
disease duration into three levels: <10 
years, 10-20 years and >20 years (Table 
IV). Below 10 years of evolution, joint 
surgery was rare in general and absent 
among NOD2 carriers. After that time, 
this frequency increased, but more 
markedly among patients carrying 
NOD2 variants (3 of 4 of whom after 
20 years). Therefore, the chances of un-
dergoing joint surgery in PsA patients 
increased with disease duration but 
much more clearly if the patients car-
ried some of the three common NOD2 
variants. There was no need for early 
surgery, but there was an increase in the 
probability of requiring joint surgery at 
similar times of disease evolution.
NOD2 carrier status was employed in 
the above analyses to avoid attribut-
ing too much weight to the single PsA 
patient who was homozygote for one 
of the variant alleles and who under-
went joint surgery. However, we also 
performed analyses with NOD2 geno-
types and the clinical phenotype, and 
the results were similar with a slightly 
stronger effect of the NOD2 variants in 
the need for joint surgery (OR 11.20, 
C.I. 2.3-55.9, p=0.0027 in the logistic 
regression model with all the covari-
ates). No association with erosive dis-
ease or with early age at disease onset 
was detected.
Finally, we investigated the type of 
joints requiring surgery in relation to 
the presence of NOD2 variants, finding 
an interesting and unexpected pattern: 
only one of the 7 patients undergoing 
hip replacement carried an NOD2 vari-
ant, whereas 4 of the remaining 5 pa-
tients with surgery on other joints (1 
knee, 1 wrist with MCP joint, 1 wrist 
with PIP joint, 1 with C1-C2 transar-
ticular screw fixation) were NOD2 
carriers. The prevalence of hip replace-
ment in NOD2 carriers (3.7%) was as 
frequent as in non-carriers (3.8%). This 
suggests that the association of NOD2 
carrier status with joint surgery was less 
marked for the hip joint. Nevertheless, 
the small number of patients undergo-
ing surgery precluded further analysis.

Discussion
Genetic studies investigating the possi-
ble causal relationship between common 

Table III. Univariate analysis of the association between clinical phenotype and NOD2 
gene carrier status. A) Overall analysis of carrier status at any of the three variants. 
B) Analysis of the association between joint replacement surgery and each NOD2 variant.

A NOD2 Carrier NOD2 Non-Carrier 
 % (n/N) % (n/N) p-value

Erosive disease 55.6    (15/27) 61.8    (84/136) ns
Joint replacement surgery       18.5     (5/27) 4.5 (7/155) 0.019
   
Age of PsA onset, years 
                    mean ± SD  40.0 ± 13.3 41.2 ± 13.8 ns

B R702W G908R L1007fs 
 % (n/N) p % (n/N) p % (n/N) p

Carrier 14.3 (2/14) ns 33.3 (2/6) 0.05 14.3 (1/7) ns
Non-carrier    5.9 (10/168)  5.7 (10/176)  6.3 (11/175) 

Table IV. Frequency of joint replacement surgery according to PsA duration and NOD2 
carrier status.

 NOD2 Carrier NOD2 Non-carrier
Duration of PsA % (n/N) % (n/N) p-value

< 10 years  0 (0/13) 1.3 (1/77)** ns
10-20 years 20.0 (2/10)* 6.0 (3/50)** ns
> 20 years 75.0 (3/4)* 10.7 (3/28)** 0.015

*Replacement surgeries were: 1 hip arthroplasty, 1 knee arthroplasty, 1 wrist and MCP arthroplasty,      
1 wrist and DIP arthroplasty, 1 C1-C2 transarticular screw fixation.
**Replacement surgeries were: 6 hip arthroplasty and 1 knee arthroplasty.
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NOD2 variants and PsA have shown 
controversial results. A Newfoundland 
population-based study found a higher 
frequency of these common NOD2 vari-
ants in PsA patients than in controls (6). 
However, subsequent studies in differ-
ent countries did not confirm this causal 
association (7, 8). Nevertheless, the 
existence of a susceptibility locus for 
psoriasis and PsA in chromosome 16q, 
near to where NOD2 is mapped, adds 
further interest to this gene (20, 21).
In line with later studies (7, 8), we found 
no statistically significant difference in 
the allelic frequency of common NOD2 
variants between PsA patients and con-
trols, excluding a causal relationship 
between PsA and the NOD2 gene in 
our population. However, no previous 
study included stratification of PsA 
patients by clinical phenotype. Given 
the clinical heterogeneity of PsA, we 
hypothesised that the possible associa-
tion of these common NOD2 variants 
might be restricted only to certain phe-
notypes. We found that common NOD2 
variants were significantly increased in 
PsA patients undergoing joint surgery. 
This finding seems consistent, because 
it was confirmed in the multivariable 
analysis with a stronger association 
than in the univariate analysis. Fur-
thermore, the increased frequency of 
joint surgery in PsA patients with com-
mon NOD2 variants was similar in the 
two participating centers. All patients 
included had the same access to joint 
replacement surgery, since the Spanish 
healthcare system provides universal, 
free-at-the-point-use care. 
After stratification of patients for dis-
ease duration, the association of NOD2 
variants with joint replacement surgery 
was significant only when disease dura-
tion was >20 years. This suggests that 
the presence of at least one of the three 
common NOD2 variants is associated 
with a greater need for joint replace-
ment surgery after very long disease 
duration.
Recently, IL4R-I50V single-nucleotide 
polymorphism has been associated with 
erosive joint disease in PsA, but not 
with PsA per se, emphasizing that some 
gene variants, although not associated 

with the disease, could act as pheno-
typic modifiers (22).
We have no evidence-based explana-
tion for the association between the 
common NOD2 variants and the need 
for joint replacement surgery in PsA 
patients. However, the probable role of 
NOD2 as a phenotypic gene modifier 
has been established for early or recur-
rent surgery in CD patients (13). 
Our results should be interpreted with 
caution, given the relatively small 
number of patients with joint surgery. 
Furthermore, using this kind of surgery 
as a surrogate marker of joint destruc-
tion meant that we probably only in-
cluded a subgroup of PsA patients with 
advanced joint destruction. 
These results suggest that common 
NOD2 variants are not associated with 
PsA but might increase the risk of joint 
replacement surgery, probably by acting 
as a phenotypic modifier gene. Given 
the lack of association with the qualita-
tive variable joint erosion and the small 
number of PsA patients subjected to 
joint surgery included, we consider our 
findings as a new hypothesis that will 
require further testing. 
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