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Abstract

Background: Psoriatic Arthritis (PsA) is a chronic inflammatory disease of the joints. PsA is etiologically complex,
and 11 susceptibility loci have been identified so far. Most of these overlap with loci associated with psoriasis vulgaris
(PsV), the most common psoriatic skin manifestation which is also frequently seen in PsA patients. In addition,
two copy number variants (CNVs) are associated with PsV, one of which, located within the LCE3 gene cluster, is
also associated with PsA. Finally, an intergenic deletion has been reported as a PsA-specific CNV.

Methods: We performed a genome-wide association study (GWAS) of CNVs in PsA and assessed the contribution
to disease risk by CNVs at known psoriasis susceptibility loci.

Results: After stringent quality assessment and validation of CNVs of the GWAS with an alternative quantitative
method, two significantly associated CNVs remained, one near UXS1, the other one at the TRB locus. However, MLPA
analysis did not confirm the CN state in ~1/3 of individuals, and an analysis of an independent case-control-study failed
to confirm the initial associations. Furthermore, detailed PCR-based analysis of the sequence at TRB revealed the existence
of a more complex genomic sequence most accurately represented by freeze hg18 which accordingly failed to confirm
the hg19 sequence.
Only rare CNVs were detected at psoriasis susceptibility loci. At three of 12 susceptibility loci with CNVs (CSMD1, IL12B,
RYR2), CN variability was confirmed independently by MLPA. Overall, the rate of CNV confirmation by MLPA was strongly
dependent upon CNV type, CNV size and the number of array markers involved in a CNV.

Conclusion: Although we identified PsA associations at several loci and confirmed that the common CNVs at these sites
were real, ~1/3 of the common CNV states could not be reproduced. Furthermore, replication analysis failed to confirm
the original association. Furthermore, SNP array-based analyses of CNVs were found to be more reliable for deletions
than duplications, independent of the respective CNV allele frequency. CNVs are thus good candidate disease variants,
while the methods to detect them should be applied cautiously and reproduced by an independent method.
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Background
Psoriatic arthritis (PsA) is a common, chronic, inflam-
matory arthritis that is mainly observed in combination
with the most common skin manifestation of psoriasis,
namely psoriasis vulgaris (PsV). PsA is classified as a spon-
dyloarthropathy and is usually sero-negative for auto-
antibodies. Inflammation typically manifests at peripheral
large and/ or small joints, the spine, and/ or entheses.
PsA is a complex disease, because it is known to be

caused by a combination of different genetic and envir-
onmental risk factors. Interestingly, most recent herit-
ability estimates suggest a 2- to 5-fold stronger genetic
component in PsA than in PsV. Thus, the relative risk of
first-degree family members (λ1) in PsA equals 30 to 39
[1, 2] compared to 7–19 in PsV [1, 3]. However, the
number of identified genetic risk factors is much higher
for PsV than for PsA because of the larger samples
analyzed to date. Genome-wide association studies
(GWAS) or more targeted analyses of immunologically
relevant genes have accelerated the identification of sus-
ceptibility factors and 44 PsV susceptibility loci have
been confirmed at a genome-wide level of significance
so far [4–12]. The majority of genetic susceptibility fac-
tors for PsA have been shown to overlap with those of
PsV [9, 13–16]. This notwithstanding, a non-coding vari-
ant at 5q31 overlapping with juvenile idiopathic arthritis,
Crohn’s disease and asthma [14] and a missense variant
in PTPN22 [15] as well as the HLA-B27 locus may be
more joint-specific risk factors.
Similar to other complex diseases, GWAS for PsV

and PsA were focused upon single nucleotide poly-
morphisms (SNPs). Copy number variants (CNVs),
however, are also known to contribute substantially to
the diversity of the human genome [17, 18] and may
thus be involved in the pathogenesis of both monogenic
and common complex diseases as well. For PsV, an in-
creased copy number at the highly polymorphic ß-
defensin (DEFB) gene cluster at 8p23.1 has been shown
to increase disease susceptibility [19, 20]. In addition, a
frequent 32 kb deletion within the late cornified enve-
lope 3 gene cluster (LCE3C_3B-del) was found to be a
risk factor for both PsV and PsA [5, 21–24]. More re-
cently an intergenic deletion has been shown to be as-
sociated with PsA, but not with PsV [25].
In view of the known associations between CNVs and

psoriasis and to improve our understanding of the gen-
etic basis of PsA, we performed a GWAS of CNVs for
PsA, using previously published data from our own
group of PsA patients [16].

Methods
Study groups and data
To investigate the association between PsA and CNVs at
a genome-wide level, we used SNP array-derived data

(Affymetrix Genome-Wide Human SNP Array 6.0) of
572 German patients with PsA [16] and of 4081 healthy
individuals from a population-based control cohort
(free of psoriasis) (Study of Health in Pomerania; SHIP)
[26]. As described elsewhere [27], we excluded indivi-
duals with excessive numbers of CNVs, leaving a dis-
covery cohort of 478 patients and 3798 controls. A
primary component analysis based on SNP genotypes
of 478 PsA patients and 3798 SHIP individuals was
performed using smartpca from the EIGENSTRAT soft-
ware suite [28]. We did see evidence for marginal
stratification within the SHIP data set, but the vast ma-
jority of SHIP samples clustered with PsA cases in the
first 6 eigenvectors, indicating no major influence of
population stratification effects.
DNA samples from independent groups of PsA pa-

tients (n = 251) and healthy blood donors (n = 451),
both of which represented subgroups of previously de-
scribed cohorts [29], were used for the replication of
the disease association of a deletion near UXS1. For the
replication of the disease association of a CNV at TRB,
we used DNA from 782 PsA patients, including all indi-
viduals of our discovery study, and 897 independent
control individuals [30]. In order to avoid confusion, we
henceforth use the term “replication” for a study that
aims to confirm a disease association, whereas “valid-
ation” refers to the technical confirmation of a CNV by
MLPA (see below).

CNV genotyping and procedure of quality assessment in
the GWAS
SNP array-based CNV genotyping analysis and quality
assessment of CNVs were done as described in detail
elsewhere [27]. Briefly, we used the CNV calling algo-
rithm Birdseye to analyse the genome-wide data [31]
and considered CNVs covered by ≥ 5 array-markers
spanning ≥ 5000 base pairs (bp), thereby identifying 26
CNVs. Within those, we identified batch effects (dif-
ferences in CNV frequencies between different groups
of conjointly processed microarrays) as a major con-
founder and corrected for it with a linear mixed model
analysis. In this latter analysis, association to 12 CNVs
was not confirmed. Within the 26 CNVs, we observed
further problematic issues that partly overlapped in sin-
gle CNVs: association to CNVs’ boundary markers only
(n = 4), no evidence for differences in CNV frequency
when compared to one or both of two smaller control
groups (n = 11), location in regions of high and/ or ex-
tended sequence homology (n = 18). A correlation ana-
lysis provided evidence that certain characteristics of
the CNVs as well as problematic issues were not inde-
pendent from each other. Problematic issues were more
common in the 12 CNVs with no confirmation of asso-
ciation in the linear mixed model.
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Mainly within the 14 CNVs that passed the linear
mixed model and provided less/ no evidence for the
further problematic issues, we selected 11 CNVs for
validation by an independent quantitative method,
namely multiplex ligation-dependent probe amplification
(MLPA). For 8 CNVs, probe pairs could be self-designed
as described [27, 32], and MLPA was performed as
recommended by the manufacturer (MRC Holland,
Amsterdam, The Netherlands) and as described in more
detail elsewhere [27, 32]; in case of three CNVs, a probe
design was impossible. Figure 1 exemplifies the analysis
of relevant CNVs. At least five control individuals with
two gene copies at all reference loci (one gene copy in
the case of the TRB deletion) were included in each ex-
periment as internal controls. Every target CNV was
covered by at least one pair of CNV-specific MLPA
probes that captured the most common CNV at the re-
spective locus. Individuals with one of the three CN
states (wild-type (WT)/ WT; WT/ CNV, CNV/ CNV)
were re-analysed by MLPA. Since no DNA was available
for the SHIP controls, however, their CNV genotypes
could not be confirmed by MLPA.
CNVs at two loci passed both quality assessment and

validation with MLPA. These CNVs either neighboured

UXS1 or were located at the TRB locus (size and pos-
ition in different genomic annotations as indicated in
Additional file 1: Table S1).

Molecular analyses at the TRB locus
Since most of the array markers spanning the CNV at
the TRB gene were only present in the hg18 human gen-
ome assembly, but not in hg19, we analysed this locus
both in silico and experimentally. To this end, we
aligned hg18 and hg19 using the Mauve software (http://
darlinglab.org/mauve/), and performed additional
laboratory experiments to infer which of the two assem-
blies was more reliable at TRB. We established four dif-
ferent PCRs with oligonucleotides specific to the
sequence in hg18 and two PCRs specific to hg19 (Fig. 2).
PCR and Sanger sequencing following standard proto-
cols [29] were performed in Eppendorf Mastercyclers
(Eppendorf, Hamburg, Germany). Purification of PCR
products (Agencourt AMPure kit) and sequencing reac-
tions (CleanSEQ) were performed using the Beckman-
Coulter Biomek Nxp robotic system (Beckman-Coulter,
Krefeld, Germany). MLPA identified one of the three
possible CN states (0, 1, 2 copies) at the TRB locus in
135 of individuals. For 10 of these individuals (5 with 0

Fig. 1 Investigation of copy number states by MLPA analysis. a-c: Copy number (CN) states at TRB, calibrated by carriers of one gene copy. The CNV
region was targeted by four different MLPA probes (TCRB_27nt, TCRB_35nt, TCRB_39nt and TCRB_43nt; red frame), CN-stable regions encompassing
the deleted region were covered by three additional MLPA probes (TCRB_29nt, TCRB_41nt and TCRB_45nt_NEU; purple frame). Five CN-stable control
loci from other genomic regions (green frame) were included in the analysis as well (red and purple coloring corresponds to the respective probes in
Fig. 2f). a Deletion in homozygous form, b Deletion in heterozygous form and c no deletion, i.e. two gene copies; d CN states at a CNV at the IL12B
locus, calibrated by carriers of two gene copies; duplication targeted by one MLPA probe (IL12B_Dup2; red frame). Signals for four control loci located
at CN-stable regions (green frame) and five CN variable regions (blue frame) were included in the analysis as well (data are from different PsA patients;
one at IL12B [Dup1, not overlapping with Dup2], FBXL19, GJB2, NFKBIA and IFIH1, respectively)
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copies, 3 with 1 copy, and 2 with 2 copies), however,
PCR failed to yield products specific for genome freeze
hg19 at all, whereas DNA of 19 individuals (5 with no
copies, 11 with 1 copy and 3 with 2 copies) yielded PCR
products specific to hg18. All sequences were analysed
using SeqMan software (DNASTAR, Madison, USA) and
were aligned to the respective reference sequences
(NCBI36/hg18 and GRCh37/hg19).

Analysis of CNVs at psoriasis susceptibility loci
In addition to a GWAS, we analysed CNVs at 30 psoriasis
disease loci of at least borderline genome-wide signifi-
cance published until November 2010 [4–11, 13, 16]. First,
we investigated the degree of linkage disequilibrium (LD)
in our GWAS data [16] between the most significantly

disease-associated SNP at each locus and the surrounding
SNPs, using HaploView 4.2 (https://www.broadinstitu-
te.org/haploview/haploview). Regions of relevant LD with
the most significantly associated SNP were defined either
as previously described [33] or by having an r2 > 0.1. In a
second step, CN data of PsA patients were screened for
CNVs overlapping these LD regions as described else-
where [27]. In order to validate the disease association of
CNVs in the overlapping regions, an MLPA probe was de-
signed for each disease locus at which CNVs were identi-
fied in our PsA cohort (feasible for all but one locus). The
probes were found to cover the majority of the observed
CNVs (Additional file 1: Table S2). A subset of 7–14 PsA
patients including carriers of the rare CNV were included
in the validation step by MLPA.
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Fig. 2 Genomic annotation of the TRB gene cluster on chromosome 7q34. a Annotated UCSC genes in NCBI36/hg18 (genome-euro.ucsc.edu);
b Sequence alignments of genome freezes NCBI36/hg18 and GRCh37/hg19 with chromosomal positions, similar or identical sequences (grey and
black bars, respectively), unique/ unaligned sequences (white), sequences identified to be inverted in freeze hg19 are given below the baseline;
c PCR products specific for inversion GRCh37/hg19 (arrows); d-i Magnification (dotted box/ lines) of genome freeze NCBI36/hg18; d Genomic
position of frequent TRB deletion, chromosomal position and UCSC genes; e Positions of array-markers: upper row = SNP markers; lower row = CN
markers; solid black line = most common, minimal size of deletion (13,136 bp or 28 markers). The dashed line indicates one additional array-marker
that is commonly deleted as well (deletion of 16,338 bp or 29 markers); f Positions of pairs of MLPA probes (asterisks) encompassing the TRB
locus. Probes marked in purple encompass the CNV, probes marked in red are located within the deletion (see Fig. 1a-c); g Arrows indicate PCR
primers for amplicons specific to NCBI36/hg18 (arrows); h Segmental duplication of 90–98% similarity (grey patterned bars); i Homologous
sequences in the first and second part of the segmental duplication (indicated by bar of same color)
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Additional statistical analyses
For each CNV detected in our study (n = 28; Tables 1, 2, 3,
Additional file 1: Table S2), MLPA results were compared
to the genotypes determined in the GWAS [27]. To this
end, we defined a CNV-specific match score for each in-
dividual that was set equal to 2, if both genotypes were
found to be of the same type and copy number; a match
score of 1 was assigned, if the two genotypes matched only
in type (i.e. deletion or duplication), but not in copy
number; otherwise, the match score was set to 0. Next,
the mean match score taken over all individuals was de-
termined for each CNV. To assess the influence of the
CNV type (deletion or duplication) on the degree of
MLPA validation, we compared the match score distri-
butions obtained for the two types of CNVs using a
Mann-Whitney rank sum test. To assess the influence of
the segment size and number of array-markers involved in
a CNV, we first determined the median segment size and
median marker count for each of the 28 CNVs. Then, the
mean was calculated over the mean match scores of all
loci with a median size or median marker count larger
than the CNV-specific value (Fig. 3). Finally, Spearman’s
rank correlation coefficient ρ was calculated as a cor-
relation coefficient between those means and the median
CNV size or marker count, respectively.

Results
In the GWAS, we observed an association with PsA of
the CNVs near UXS1 and at the TRB locus (Tables 1
and 2). The respective copy number states at these loci
were confirmed by MLPA (Fig. 1a-c).

CNVs at the UXS1 locus
One of the disease associated CNVs was intergenic, lo-
cated 69.3 kb upstream of UXS1 on one side and
113.2 kb upstream of PLGLA on the other side. The
UXS1 gene encodes UDP-glucuronate decarboxylase, an
enzyme that catalyses the formation of UDP-xylose from
UDP-glucuronate used in the biosynthesis of glucosa-
minoglycans. PLGLA is a pseudogene of the gene encod-
ing plasminogen, a major dissolvent of fibrin. The UXS1
and PLGLA genes are positional candidates for PsA

causality, especially UXS1, although we cannot exclude
that other genes in the vicinity might also be affected by
the deletion. Our association findings were not repli-
cated in an independent sample of 251 PsA patients and
451 controls (Table 1). Although we could confirm the
deletion and wild-type states in 85 of 135 PsA patients
genotyped with both a SNP array and MLPA, discordant
CN states emerged for 50 of 135 individuals (37.0%). We
therefore re-analysed the SNP-array based CN data as
described elsewhere [27] and identified smaller CNVs
that had been excluded because one filter criterion for
exclusion was a minimal size of 5000 bp.
When the frequent, albeit short CNVs were included

in the initial association study, equal allele frequencies of
the deletion were observed in PsA patients and control
individuals (33.6% vs. 32.3%).

Deletion at the TRB locus
The TRB locus encodes a T cell receptor, a molecule
responsible for recognizing foreign antigens. Therefore,
the frequent deletion detected at the TRB locus was rec-
ognized as a most interesting candidate for PsA causa-
lity. Comparison of the SNP array-based MLPA-based
genotypes revealed discrepancies for 48 of 135 indivi-
duals (35.6%). For this CNV, we could exclude that
smaller frequent CNVs - that escaped due to our filter
criterion of a minimal size of 5000 bp as described in
case of the CNV near UXS1 - caused a false positive
association. We decided to analyse this CNV in more
detail. Seven different pairs of MLPA probes located ei-
ther within the deletion or flanking it (hg18 assembly)
(Fig. 2f ) were used for genotyping and similar results
were obtained with both types of probes (same coloring
of target probes in Fig. 1a-c and Fig. 2f ).
Sequence analysis and genomic alignment revealed dif-

ferent annotations in human genome freezes hg18 and
hg19 (Fig. 2b). Thus, SNP array-markers identified to be
disease-associated in our genome-wide study were not
annotated in hg19, and a segmental duplication within
the region was annotated only in hg18 (Fig. 2b, h). In
addition, an inversion of a 118 kb was only present in
hg19 (Fig. 2b). To investigate the differences in genomic

Table 1 Allele counts (frequencies) of the risk/ non-risk alleles [n (%)] of the CNV near UXS1

absolute chromosomal
position (hg18)

relative position to
nearest gene(s)

Part of study n (%) –risk
allele in PsA

n (%) – non-risk
allele in PsA

n (%) –risk
allele in Ctrl

n (%) – non-risk
allele in Ctrl

P-value OR [95% CI]

chr2: 106,246,
527–106,251,789

69 kb upstream
of UXS1

discoverya 861 (90.1) 95 (9.9)* 6026 (79.3) 1570 (20.7)* 2.84 × 10−15 2.36 [1.90–2.94]

unfiltered
discoveryb

635 (66.4) 321 (33.6) 5145 (67.7) 2451 (32.3) 0.44 0.94 [0.82–1.09]

replication 331 (66.5) 167 (33.5)* 594 (66.0) 306 (34.0)* 0.94 1.02 [0.81–1.29]

Deletion is marked by *. The p-value corresponds to a χ2 test of 478 PsA patients and 3798 control individuals. Odds ratios [95% confidence
interval] of the discovery study (array-based analysis) were calculated for the same cohorts. The independent replication cohorts (MLPA-based
analysis) comprised 251 patients and 451 control individuals. aDiscovery describes the initial SNP array-based analysis with the filter criteria of 5
markers and 5 kb before validation, bunfiltered discovery the number of CNVs and wildtype-alleles in the initial SNP array-based dataset that was
unfiltered for no. of markers and for size, as analyzed after validation with MLPA
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annotation experimentally, we designed PCR products
spanning the region of interest that were specific to ei-
ther hg19 or hg18 (Fig. 2c, g). Using doubly genotyped
PsA patients (i.e. genotyped with both the SNP array
and MLPA) as a reference, we also genotyped control in-
dividuals by MLPA. Representative carriers of the differ-
ent copy number states were analysed further by specific
amplification and sequencing of PCR products from the
TRB region. All three PCR products specific to the hg18
freeze, but not overlapping the deletion, could be ampli-
fied in individuals of all three copy number states. By
contrast, the product from within the TRB deletion was
absent in all homozygous deletion carriers (Fig. 2e, g), as
was to be expected. In the hg19 freeze, no explicit se-
quence (“NNNNNN”) was annotated between the se-
quences that were present in both assemblies in the
human genome (represented as black or grey boxes in
Fig. 2b). Therefore, we designed PCR products specific
to the hg19 freeze spanning these regions (Fig. 2c). How-
ever, we could not amplify any specific products in indi-
viduals of any copy number state, thereby providing

evidence in favour of the hg18 assembly being closer to
the actual sequence at this locus than hg19.
The 33 of 48 PsA samples with discordant SNP array-

based and MLPA-based genotypes were reanalysed by
PCR specific to the hg18 assembly. We identified 12 de-
letion homozygous patients through the lack of the PCR
product. These genotypes were in accordance with
MLPA, but not with the SNP array. Since PCR-based
analysis could not distinguish between 1 or 2 copies, we
could not evaluate the CN states of the remaining 23
samples. All of them showed either 1 or 2 copies when
genotyped by MLPA. When we re-analysed the complete
PsA cohort of the discovery study with MLPA, a simi-
larly high discordance rate emerged between array and
MLPA analysis (157 of 446 samples; 35.2%) as in the ini-
tially analysed subset of patients.
Since genotyping of the CNV appeared to be more re-

liable with MLPA than array-based data, we screened in-
dependent cohorts of 304 patients and 897 healthy
controls with MLPA. When comparing the allele fre-
quencies of all patients (n = 782) to those in independent

Table 2 Allele counts (frequencies) of CNV at TRB in PsA patients and controls (Ctrl)

part of study n (%) –risk
allele in PsA

n (%) –non-risk
allele in PsA

n (%) –risk
allele in Ctrl

n (%) – non-risk
allele in Ctrl

P-value OR [95% CI]

discoverya 776 (81.2) 180 (18.8)* 5288 (69.6) 2308 (30.4)* 1.22 × 10−13 1.88 [1.59–2.23]

extended PsA, independent Ctrl cohort 801 (51.1) 765 (48.9)* 947 (52.8) 847 (47.2)* 0.34 0.94 [0.82–1.07]

Deletion is marked by *. The p-value corresponds to a χ2 test of of 478 patients and 3798 control individuals. Odds ratio [95% confidence interval] for the discovery
study (array-based analysis) were calculated for the same cohorts. The replication cohort (MLPA-based results) was partially overlapping for PsA, and consisted of 782
patients and 897 controls. aDiscovery describes the initial SNP array-based analysis with the filter criteria of 5 markers and 5 kb before validation with MLPA

Table 3 Low-frequency CNVs at psoriasis susceptibility loci in PsA patients (n = 478) and controls (n = 3798) (Ctrl)

nearest gene/ locus type of aberration no. of CNV
alleles (PsA)

frequency
in % (PsA)

validation (no. of PsA
patients analyzed by MLPA)

no. of CNV
alleles (Ctrl)

frequency
in % (Ctrl)

p-value

CSMD1 deletion 1 0.10 validated (7) 7 0.09 1

IL12B duplication 2 0.21 validated (14) 3 0.04 0.1

RYR2 deletion 2 0.21 validated (7) 12 0.16 0.7

ERAP1 deletion 2 0.21 not validated (7) 1 0.01 n/a

ERAP1 duplication 1 0.10 not validated (7) 4 0.05 n/a

FBXL19 deletion 1 0.10 not validated (14) 0 0 n/a

FBXL19 duplication 2 0.21 not validated (14) 22 0.33 n/a

GJB2 duplication 1 0.10 not validated (14) 1 0.01 n/a

IFIH1 duplication 3 0.31 not validated (14) 6 0.09 n/a

IL23A duplication 4 0.42 not validated (7) 8 0.12 n/a

NFKBIA duplication 2 0.21 not validated (14) 6 0.09 n/a

RNF114 duplication 2 0.31 not validated (12) 7 0.09 n/a

TNIP1 duplication 1 0.10 not validated (7) 0 0 n/a

TRAF3IP2 duplication 3 0.31 not validated (12) 7 0.09 n/a

Gene nearest to the susceptibility locus, the type of aberration, the absolute no. of CNV alleles, their overall frequency in percent, the result of a validation by
MLPA (in PsA patients only) and the results of a Fisher’s exact test (n/a: not applicable due to lack of validation) are given
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control individuals (n = 897), no significant difference
was observed (Table 2). Frequencies observed in the
MLPA-based second analysis were significantly dif-
ferent from those of the discovery study (Table 2),
suggesting difficulties in genotyping this CNV by array-
based analyses.

CNVs at psoriasis susceptibility loci
Of note, we did not detect association to the CNVs at
previously identified copy number loci such as LCE3C/
LCE3B [5], the ß-defensin-cluster [19, 20] and the
intergenic deletion [25]. As we had not observed asso-
ciation to the LCE3C/ LCE3B in a largely overlapping
cohort of 650 German PsA patients [34], we did not ex-
pect to find evidence for association. Furthermore, the
SNP array-based analysis could not adequately and reli-
ably disentangle the multivariable ß-defensin cluster.
Last but not least, the minor allele frequency of the
intergenic CNV was similar in cases (8%) and controls
(7.5%). More detailed results on the LCE3 cluster and
the ß-defensin cluster can be read elsewhere [27].
By using the SNP array-based approach to detect fre-

quent CNVs at 30 previously identified susceptibility
loci for PsV or PsA [4–11, 13, 16], we did not detect
any. Therefore, CNVs at these loci do not seem to be
reasonable candidate variants for disease-causality, at
least not in German patients with PsA, but we have to

consider the limitations of our method with regard to
smaller sizes of (< 5000 bp) and the detection rate of
CNVs using the procedure of SNP array-based analyses.
One frequent deletion was identified at the HLA-C
locus, but owing the high level of sequence homology
(> 99%) to the HLA-B locus, we were unable to technic-
ally validate this CNV by MLPA. Therefore, it remained
unclear whether the disease association of this locus
was genuine or represented a technical artefact.
We exclusively identified low-frequency CNVs

(MAF < 5%) at 12 of the 30 psoriasis susceptibility loci
studied, with duplications (n = 16) being more frequent
than deletions (n = 4) (Table 3). Only four different
CNVs were confirmed by MLPA, namely two intronic
deletions in the RYR2and CSMD1 genes and two dupli-
cations at the IL12B locus. In case of CNVs at the
remaining susceptibility loci, no copy number variabil-
ity could be confirmed. We also observed low-
frequency CNVs at the three loci in control individuals,
but no evidence for disease association was apparent
(Table 3).

CNV characteristics and MLPA validation
We performed MLPA for eight frequent CNVs identi-
fied through GWAS (see Tables 1 and 2; [27]) and for
20 low-frequency CNVs at psoriasis susceptibility loci
(Table 3; Additional file 1: Table S2) and compared the
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this CNV and all CNVs with a higher size or marker count
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outcome to CNV calling from SNP array data (frequent
CNVs [27]; low-frequency CNVs: Table 3; Additional
file 1: Table S2). A significant correlation was observed
between the type of aberration (deletion versus duplica-
tion) and the chance of MLPA validation (p = 3.01 × 10−3).
Deletions were validated more often (8 of 11, 73%) than
duplications (2 of 17, 12%), as is also reflected by the
difference in the mean of mean match scores (1.32 for de-
letions; 0.24 for duplications).
We also observed evidence for a positive correlation

between the mean match score of CNVs and its median
segment size (Spearman’s ρ = 0.77) and an almost perfect
correlation between the mean match score and the me-
dian marker count (Spearman’s ρ = 0.96; Fig. 2). Al-
though larger CNVs comprising higher marker counts
showed a higher level of concordance between SNP
array-based genotype and MLPA-based genotype, a
lower marker count or a smaller size of a CNV did not
indicate discordance between SNP array-based and
MLPA-based genotypes in case of all small CNVs.

Discussion
Although CNVs have been shown to potentially play a role
in the genetic basis of both PsV and PsA [5, 19, 20, 22, 25],
our GWAS of CNVs failed to identify any novel
disease-associated CNV for PsA. As a result of our
three-stage analysis comprising thorough quality assess-
ment [27], validation by MLPA as a second quantitative
method and replication analysis in an enlarged case-
control study, none of the originally identified disease-
associations of CNVs remained significant. In view of
previous experience with small CNVs in the context of
immunological diseases (e.g. type 2 diabetes, Crohn’s
disease and rheumatoid arthritis [35]), we chose to
screen CNVs of 5000 bp or more. This notwithstand-
ing, even if we considered small CNVs, no robust associ-
ation between PsA and a frequent CNV could be found.
Previous studies reported on lower recovery rates and

pronounced difficulties in genotyping frequent CNVs
[36, 37], especially in the case of full gene deletions.
The same reasons responsible in these instances may
also explain the discrepancies in CNV genotyping be-
tween SNP array and MLPA noted in our study for the
frequent deletion at the TRB locus.
Our analysis revealed differences in annotation of the

TRB locus on chromosome 7q34 between genome
freezes hg18 and hg19, and experimental evidence was
generated in favour of hg18 being closer to the true
DNA sequence. Through intensive investigation of this
locus, we could validate a frequent CNV at TRB, but its
initial association with PsA, probably due to wrong ge-
notypes derived for the SNP array-based analysis could
not be replicated. The locus on chromosome 7q34 is
complex and comprises numerous annotated UCSC

genes and transcript variants. T cell receptors are known
to undergo somatic rearrangements of variable (V), di-
verse (D) and joining (J) gene segment/ chains (= V(D)J
recombination). Moreover, an enormous variability in
terms of the clonality of T-cell populations exists be-
tween individuals and increases the complexity of this
genomic locus [38, 39]. In summary, high variability and
lack of representativeness of the reference sequences
might have contributed notably to the difficulties in SNP
array-based genotyping of the TRB cluster.
We failed to identify association of PsA with a novel

CNV. This might be due to the limited power that we
had in 478 patients, while we cannot exclude that we
missed associations to CNVs due to the limitations of
the SNP array-based analysis.
Our study strongly suggests that independent vali-

dation of CNVs is essential for their use as disease
markers, particularly because the low-frequency CNVs
considered at psoriasis susceptibility loci in our study
were characterized by an unacceptably low level of va-
lidation. Low-frequency duplications were remarkably
more difficult to validate than low-frequency deletions.
Moreover, because no frequent duplication was vali-
dated at all, we assume that the detection of duplica-
tions is generally more complicated and less reliable
than that of deletions. These findings are in accordance
with previous findings, for example of Zhang et al. [36]
who also reported lower recovery rates for duplications.
In addition, recovery rates for computer-simulated
duplications were found to be lower than those for
equally sized deletions [40].
We observed a robust correlation between both the

number of markers involved and the size of CNVs on the
one hand and the level at which these CNVs are suc-
cessfully validated. The impact of marker count and CNV
size on the reliability of CNV calling has been discussed
before [36, 39, 41] and was quantified by simulation [40],
indicating that recovery rates of CNVs increase when the
marker count increases. This increase was also shown to
be more rapid for deletions than for duplications.

Conclusions
Although we were able to detect an initial PsA association
for two CNVs and could confirm that the frequent CNVs
involved were real, we failed to validate the copy number
states in a significant number of cases. Also, we were
unable to replicate the original disease association. Fur-
thermore, SNP array-based analyses of CNVs are more
reliable in pinpointing deletions than duplications, inde-
pendent of the CNV allele frequency. Frequent CNVs
remain good candidate variants for disease association,
while we suggest to use also other methods to detect
CNVs cautiously and to reproduce CNVs with an
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independent method. Other than SNP array-based ana-
lyses, e.g. digital PCR, might be more useful to detect
CNVs.

Additional file

Additional file 1: Tables S1 and S2 are presented in the Supplementary
data file. (DOCX 25 kb)
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