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Abstract
While anti-TNF therapies are effective against psoriasis, 30%–50% of patients 
do not show an adequate response to these drugs. Different candidate-gene 
pharmacogenetics studies have identified single nucleotide polymorphisms that 
may predict anti-TNF drugs response in psoriasis. Nevertheless, only one paper 
has undertaken a pharmacogenomic approach failing to find significant biomarkers 
of biological drug response along the whole genome. Furthermore, most of the 
pharmacogenetic candidate biomarkers identified previously have not been confirmed 
in a different cohort of patients. The objective of this study was to find biomarkers 
that could predict anti-TNF drugs response along the whole genome and validate 
biomarkers identified previously. A genome-wide association study (GWAS) was 
performed using the Human Omni Express-8 v1.2 Beadchips in 243 psoriasis patients 
treated with anti-TNF drugs. This study was multicentric and did not interfere with 
clinical practice. Associations between single nucleotide polymorphisms (SNP) and 
PASI75 (a 75% reduction with respect to baseline PASI) at 3 months were evaluated. 
Imputation was performed using SNPs with R2 > 0.7. There were two SNPs located in 
NPFFR2 that were close to the significant threshold of 5 × 10−8. These data suggest 
that NPFFR2 might be associated with anti-TNF drug response. However, further 
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1  | INTRODUC TION

Psoriasis is a complex disease that affects 2%–3% of the world 
population.1 This disease presents a chronic, autoimmune and in-
flammatory component and it is also influenced by genetic and 
environmental factors.2 Apart from affecting the skin, where it gen-
erates scaly erythematous papules and plaques,3 it can course with a 
wide range of comorbidities such as psoriatic arthritis, inflammatory 
bowel disease, cardiovascular and psychosocial conditions.4,5 The 
aetiology of psoriasis is still unknown. Nevertheless, it is influenced 
by environmental,6 epigenetic7 and genetic factors.8 Actually, previ-
ous familiar studies have demonstrated that genetic factors play a 
key role in the onset, development of the disease and the response 
of the patients to the treatment with certain drugs.9,10 In fact, several 
studies have demonstrated that single nucleotide polymorphisms 
(SNPs) located on the following genes: tumour necrosis factor (TNF), 
interleukins 12 and 23 (IL12, IL23) and the HLA (Human Leukocyte 
Antigen)-C*0602 allele are potential risk factors in psoriasis.11

Biologic drugs that target TNF or its receptor (adalimumab, etaner-
cept and infliximab) have been used as first-line biological treatment for 
moderate-to-severe psoriasis.12 These treatments have demonstrated 
a high effectiveness and safety in clinical practice. Nevertheless, 
around 30%–50% of the patients do not show enough clinical im-
provement with these drugs.13 Besides, although rarely, they can cause 
severe adverse events such as psoriasiform reactions.14 Furthermore, 
biological drugs are expensive, which causes a high economic burden 
on national healthcare expenditures.15 Thus, it is important to find 
genetic biomarkers that could help to determine which treatment is 
better for each patient. Although the pharmacogenetic basis of bio-
logical drug response has been widely studied in candidate-gene stud-
ies,8,16–38 to our knowledge, there is only one publication that carried 
out a pharmacogenomic study in psoriasis following a hypothesis-free 
approach.39 This study (n = 65) failed to find biomarkers predictive of 
drug response in a Japanese cohort of patients.39 Therefore, the main 
objective of this paper was to identify pharmacogenomic biomarkers 
of anti-TNF drug response located along the whole genome following 
a hypothesis-free approach in a larger study cohort.

2  | METHODS

2.1 | Study design

The study design included a multicentric, non-interventional, 
observational study. This study included patients diagnosed with 

moderate-to-severe plaque psoriasis according to the Consensus 
document on the evaluation and treatment of moderate-to-severe 
psoriasis from the Psoriasis Group of the Spanish Academy of 
Dermatology and Venereology5,40 treated with anti-TNF drugs. 
Eligible patients were Caucasian and older than 18  years, treated 
with etanercept, adalimumab or infliximab according to the doses 
established in the drug label and approved by the European Medicine 
Agency. Patients were followed in the Dermatology Department 
of “Hospital Universitario de La Princesa,” “Hospital Universitario 
Central de Asturias de Oviedo” and “Hospital Universitario de Gran 
Canaria Doctor Negrín,” Spain. Patients with other forms of psoriasis 
or pregnant women were excluded from this study.

The Psoriasis Area and Severity Index (PASI) was used to eval-
uate the effectiveness of anti-TNF drugs at 3 months of treatment. 
Patients were distributed in two groups being considered as re-
sponders if they achieved PASI75 (a 75% reduction of baseline PASI) 
at 3 months and partial or insufficiently responders if they did not 
achieve PASI75. The patients in this manuscript have given written 
informed consent to publication of their case details that allowed 
SNPs genotyping which fulfilled Spanish law on biomedical research 
and the protocol and informed consent were both approved by the 
Ethics Committee for Clinical Research of “Hospital Universitario de 
La Princesa.”

2.2 | Sample processing and genotyping

A sample of 3 ml of peripheral blood was obtained from every psoriasis 
patient. DNA extraction was performed using the MagNa Pure® 
System (Roche Applied Science) and quantified in a NanoDrop® 
ND-1000 Spectrophotometer (Wilmington, USA). Samples were 
genotyped using the array Illumina HumanOmniExpressExome-8 
v1.2 (Illumina) in the Center for Applied Genomics (The Children's 
Hospital of Philadelphia). Only samples with a DNA concentration of 
50 ng/μl were included in this study.

2.3 | Quality control

A total of 964.193 SNPs were genotyped using the Illumina 
HumanOmniExpressExome-8 v1.2 (Illumina). All DNA samples 
were amplified, labelled and hybridized as stated in the Illumina 
Infinium Assay workflow. Bead-chip scanning was carried out with 
the Illumina Bead-Array reader (Illumina) Illumina´s GenomeStudio 
software was used to process the raw data. Downstream analysis 

studies involving a larger cohort of patients are needed in order to confirm these 
results.
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was performed using the software PLINK v1.0741 following the 
pipeline described in.42

Initially, 33.234 SNPs were discarded from the analysis because 
they presented a percentage of missingness higher than 2% per in-
dividual.42 Besides, 4 individuals with more than 2% of missing gen-
otypes were excluded from the analysis42 (Figure 1). Furthermore, 
a verification of X chromosome heterozygosity/homozygosity rates 
was performed by comparing possible differences between the real 
sex of the patients and the chromosomal sex of the patients.42 No 
discrepancies were found between the chromosomal and the phe-
notypic sex of the patients. Afterwards, 24.409 SNPs were excluded 
from the analysis, as they were located on sex chromosomes. Only 
SNPs with a minor allele frequency higher than 5% were analysed, 
thus eliminating 322.409 SNPs. Finally, heterozygosity rate was 
measured, excluding 5 individuals who deviate ± 3 standard devia-
tions from the samples’ heterozygosity rate mean.42 The final data-
set is comprised of 584.141 SNPs in 182 patients (Figure 1).

2.4 | Association analysis

Statistical evaluation of the associations between individual SNP and 
response to anti-TNF drugs was performed using PLINK software 

(version 1.07; http://pngu.mgh.harva​rd.edu/~purce​ll/plink/).41 
Initially, a standard association study was carried out (Cochran-
Armitage test for trend) and Fisher strand test with the PASI75 
phenotype at 3 months. The results of the standard association and 
Fisher strand test were plotted with Manhattan with the qqman 
package.43 Following the consensus for GWAS, the threshold for 
significance was set at 5 × 10−8 regardless of the actual SNP density 
of the study.44,45

2.5 | Imputation

Genotype imputation may further increase the number of tested 
associations.42 Imputation was performed by searching common 
haplotypes between the genotyped patients and the following refer-
ence panel, “1,000 Genomes haplotypes -- Phase 3 integrated vari-
ant set release in NCBI build 37 (hg19) coordinates” (https://mathg​
en.stats.ox.ac.uk/imput​e/1000GP_Phase3.html).46 Haplotypes 
estimation, commonly known as phasing, was performed with the 
software SHAPEIT v2 (r900) 47 and later imputation with the soft-
ware IMPUTE2 v2.3.2.48 Imputation was performed using SNPs with 
R2 > 0.7. Quality control over the imputed results was accomplished 
following the Coleman et al 2016 protocol,49 applying a MAF < 0.01 

F I G U R E  1   Quality control 
workflow applied over the genotyping 
data provided by the Illumina 
HumanOmniExpressExome-8 v1.2 array
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and a percentage of missingness higher than 2% per individual. 
Afterwards, we performed an association study using PLINK software 
(version 1.9; https://www.cog-genom​ics.org/plink/​1.9/). We followed 
the protocol described in the 2.4. section for the first two association 
analysis, and then, a principal component analysis was implemented 
introducing the following variables: sex, weight, age, age at onset of 
psoriasis, presence or absence of psoriatic arthritis, therapeutic op-
tion, and age at prescription of the first anti-TNF drug (Table 1).

2.6 | Statistical analysis

The clinical variables compared between patients with or without 
PASI75 included sex, weight, age, age at onset of psoriasis, pres-
ence or absence of psoriatic arthritis, therapeutic option, and age at 
prescription of the first anti-TNF drug. t Test and χ2 were performed 
for continuous and categorical variables, respectively. SD: standard 
deviation. In this case, significant threshold was set at p < .05.

3  | RESULTS

3.1 | Study population

This study included 243 moderate-to-severe plaque psoria-
sis patients (99 females and 144 males). From them, 99 were 

treated with adalimumab; 49 with infliximab; and 95 with 
etanercept. The phenotypic characteristics of psoriatic patients 
are shown in Table 1. A total of 175 patients achieved a PASI75 
response at 3 months of treatment (72.0%). As expected, there 
were significant differences in the patients that achieved or not 
PASI75 at 6  months. Apart from this variable; there were not 
significant differences in any demographic or clinical variable 
between patients who achieved PASI75 or did not achieve it 
(Table 1).

3.2 | SNPs associated with patients with PASI75 to 
biological drugs at 3 months of treatment

In order to identify SNPs associated with response, allele frequencies 
of 584.141 SNPs were compared between patients with or without 
PASI75 at 3  months. After applying Bonferroni correction, there 
were no SNPs with a p-value lower than the stated threshold for 
GWAS (5 × 10−8) 44,45 (Figure 2). The SNPs that showed the strongest 
association with the treatment response are shown in Table 2. The 
threshold (5 × 10−5) has been set according to previous GWAS that 
showed no significant association with biological drug response39,50 
(Table  2). The most significant SNPs are as follows: rs28461892 
(AKAP13), rs9472377 (SUPT3H), rs1487419 and rs77497886 
(CDH12), rs11037360, rs7481533, rs11037342, rs145304743 and 
rs1845821 (HNRNPKP3) (Table 2).

Patients 
(N = 243)

PASI75
Statistical 
significanceYes (N = 175) No (N = 68)

Age (years) 47.2 ± 14.7 47.1 ± 15.1 47.3 ± 14.0 0.944

Age at onset (years) 26.0 ± 14.5 26.0 ± 14.1 26.0 ± 15.7 0. 975

Age of the first 
biological drug 
(years)

43.5 ± 14.9 43.2 ± 15.1 44.5 ± 14.3 0.599

Females (%) 99 (40.7) 73 (73.7) 26 (26.3) 0.620

Males (%) 144 (59.3) 102 (70.8) 42 (29.2)

Adalimumab (%) 99 (40.7) 71 (71.7) 28 (28.3) 0.816

Etanercept (%) 95 (39.1) 67 (70.5) 28 (29.5)

Infliximab (%) 49 (20.2) 37 (75.5) 12 (24.5)

PsA3 (%) 154 (63.4) 113 (64.6) 41 (26.6) 0.695

Weight (kg) 77.9 ± 15.0 77.7 ± 15.1 78.6 ± 14.7 0.657

Baseline PASI 21.0 ± 11.5 20.5 ± 10.6 21.2 ± 12.1 0.816

PASI75 at 6 months 
(%)

167 (68.4) 150 (89.8) 17 (10.1) 0.000*

Note: Data are shown as mean ± SD or number (%).Statistical differences were analysed between 
patients with PASI75 (Yes) and without PASI75 (No). t Test and χ2 were performed for continuous 
and categorical variables, respectively.
Abbreviations PsA, psoriatic arthritis; PASI, Psoriasis Area and Severity Index; SDm standard 
deviation.
*P < 0.05. 

TA B L E  1   Clinical and demographical 
data of the patients included in this study
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3.3 | Imputation

Imputation was performed based on the SNPs analysed in our array 
and the SNPs in linkage disequilibrium using 1000 Genomes hap-
lotypes, with an overall imputation of 31.793.745 SNPs. After qual-
ity control, 25.181.097 SNPs were discarded from the dataset, with 

6.612.648 SNPs remaining for the following association studies. 
However, no association was found between imputed SNPs and pa-
tients drug response (p-value < 5 × 10−8), either in standard and Fisher 
strand test or PCA (Figure 1). The following SNPs showed the strong-
est association with PASI75 at 3  months of treatment: rs80063785 
(CDH12), rs13139992 and rs77656238 (NPFFR2) (Table 3).44,45

F I G U R E  2   Manhattan plot of the SNPs 
associated with PASI75 at 3 months in the 
discovery cohort. This figure represents 
the genome-wide p-values from PCA 
(principal component analysis) between 
genetic variation, biological drug response 
and the 7 clinical variables (sex, weight, 
age, age at onset of psoriasis, presence or 
absence of psoriatic arthritis, therapeutic 
option and age at prescription of the 
first anti-TNF drug) observed in psoriasis 
patients. The y-axis shows the -log10 
p-value of 6.612.648 SNPs, and the x-
axis shows their chromosomal positions 
(SNP base pair in build GRCh37/hg19). 
The horizontal red line represents the 
genome-wide significance threshold p-
value = 5.00 × 10−8)

TA B L E  2   Summary of the SNPs showing the strongest associations (ie the smallest p-values) with PASI75 at 3 months of treatment for 
standard analysis, fisher strand test and principal component analysis. None of the polymorphisms reached the significance threshold

SNP Chr Location Gene
Risk 
allele

p-value OR (CI 95%)

Standard Fisher Standard Fisher

rs28461892 15 86177188 AKAP13 A 9.43 × 10−7 7.63 × 10−6 7.61 (3.02–19.18) 7.61 (3.02–19.18)

rs9472377 6 44802578 SUPT3H G 1.15 × 10−6 1.14 × 10−−5 10.61 (3.37–33.48) 10.61 
(3.37–33.48)

rs1487419 5 22626115 CDH12 A 1.55 × 10−6 7.96 × 10−6 5.20 (2.52–10.74) 5.20 (2.52–10.74)

rs77497886 5 22616666 CDH12 T 1.55 × 10−6 7.96 × 10−6 5.20 (2.52–10.74) 5.20 (2.52–10.74)

rs11037360 11 43239804 HNRNPKP3 A 1.58 × 10−6 4.82 × 10−6 3.43 (2.04–5.76) 3.43 (2.04–5.76)

rs7481533 11 43223347 HNRNPKP3 C 3.09 × 10−6 8.50 × 10−6 3.34 (1.98–5.61) 3.34 (3.34–5.61)

rs11037342 11 43218424 HNRNPKP3 C 3.09 × 10−6 8.50 × 10−6 3.34 (1.98–5.61) 3.34 (3.34–5.61)

rs145304743 11 43226378 HNRNPKP3 T 3.09 × 10−6 8.50 × 10−6 3.34 (1.98–5.61) 3.34 (3.34–5.61)

rs1845821 11 43258997 HNRNPKP3 C 8.15 × 10−6 1.49 × 10−5 3.026 (1.84–4.97) 3.03 (1.84–4.97)

Abbreviations: A, adenine; AKAP13, a-kinase anchoring protein 13; C, cytosine; CDH12, cadherin 12; CHR, chromosome; CI, confidence interval; 
G, guanine; HNRNPKP3, heterogeneous nuclear ribonucleoprotein K pseudogene 3; OR, odds ratio of non-response; SNP, single nucleotide 
polymorphism; STMND1, stathmin domain containing 1; SUPT3H, SPT3 homolog, SAGA and STAGA complex component; T, thymine.
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4  | DISCUSSION

Multiple studies have been performed in order to identify new 
biomarkers for anti-TNF drugs in Caucasian psoriasis patie
nts.9,11,17,18,27,51–55 However, most of these biomarkers have not 
reached the clinical practice so far, suggesting that new and better 
powered pharmacogenomics studies are needed to deliver on 
clinically informative biomarkers for the field of psoriasis.

Although no genome-wide significant SNPs have been identified 
in the GWAS, some of them showed the strongest association with 
PASI75 at 3 months. AKAP13, HNRNPKP3, SUPT3H and CDH12 are 
the most compelling candidate genes among our imputation results 
(Table 2). AKAP13 (a-kinase anchoring protein 13) encodes for the 
a-kinase anchoring protein 13, which has the function of binding to 
the regulatory subunit of protein kinase A. A previous meta-analysis 
reported an association of this gene with psoriasis susceptibility.56 
However, this result was not replicated in the combined analysis 
(rs35343117; p-value = 1.7 × 10−6),56 nor in our study (rs35343117; 
p-value = 0.123). The rest of SNPs is not associated with psoriasis 
in the literature. HNRNPKP3 is the heterogeneous nuclear ribonuc-
leoprotein K pseudogene with no current knowledge about its pro-
tein transcripts. The whole set of our non-significant HNRNPKP3 
SNPs are positively associated with PASI75 at 3  months. SUPT3H 
is a SPT3-like protein presumably acting as a transcriptional activa-
tor and chromatin structure regulator. Our non-significant SUPT3H 
SNPs suggest a positive association with PASI75 at 3 months. CDH12 
is a cadherin protein which SNPs are positively associated with 
PASI75 at 3 months.57

We did not uncover any SNPs significantly associated with an-
ti-TNF drug response in Caucasian patients in our study. Our results 
are in agreement with a previous study carried out in 65 Japanese 
patients.39 Moreover, these results are concordant with another 
pharmacogenomic study performed in 196 rheumatoid arthritis 
Caucasian patients that failed to find genetic biomarkers for anti-TNF 
drugs.50 This reduced sample size, especially in the partial respond-
ers group, could partially explain the lack of biomarkers characteris-
tic of anti-TNF drug response. On the contrary, other GWAS carried 
out in 96 Caucasian Crohn's disease patients 58 identified a genetic 
biomarker of adalimumab response (CD96) that was later confirmed 
in a validation cohort of 123 patients.58

Traditionally, we have been treating partial responders of bio-
logical drugs as a homogenous group of patients with the same 

genetic pathways affected. There could be different type of par-
tial responders. It would be optimal to include patients who did not 
achieve PASI50 (a 50% reduction with respect to baseline PASI). 
However, due to the high effectiveness of these drugs, this would 
reduce the sample size of the non-responders group, thus reducing 
the statistical power of this study. Therefore, partial responders 
present a heterogeneous group that includes patients that did not 
achieve PASI50 (strictly non-responders to biological drugs) and pa-
tients that respond partially to biological drugs. Furthermore, this 
heterogeneity in the phenotype of the patients with a partial or 
poor response to biological drugs could be caused by genetic het-
erogeneity. This heterogeneity could be one of the causes why no 
significant associations with response are found in GWAS. Besides, 
immune system could compensate in a different way the malfunc-
tion of different proteins or signalling pathways further confounding 
and making it more difficult to find biomarker that predicts biological 
drug response. This could also explain the multiple biomarkers found 
in small cohorts with homogenous conditions but they could not be 
extrapolated to the general population.

We have found an association between two SNPs located on the 
NPFFR2 (Neuropeptide FF Receptor 2) gene and anti-TNF drug re-
sponse at 3 months of treatment. This gene encodes a member of a sub-
family of G-protein-coupled neuropeptide receptors that is involved 
in pain modulation and regulation of the opioid system.59 Although 
this association was not significant (p-values were 6.33  ×  10−8 and 
8.82 × 10−8, Table 3) the p-values were close to the established signif-
icance threshold (5 × 10−8).44,45 There are two different SNPs located 
in the same gene that were close to this ratio. This fact reinforces the 
hypothesis that NPFFR2 may be associated with biological drug re-
sponse. Moreover, this gene has not been associated so far with pso-
riasis or biological drug response. However, further studies should be 
performed in order to validate this association. These type of studies 
may help to optimize the effectiveness of psoriasis therapy, thereby 
reducing the risk of adverse events, and improving precision for the 
patients prescribed anti-TNF therapy. Thus, more meta-analysis and 
studies involving larger cohorts of patients are necessary to validate 
the previously discovered ones in order to develop more effective and 
safer drugs that can be administered on a personalized basis.
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SNP CHR POS GENE
RISK 
ALLELE MAF P-FREQ

rs13139992 4 73041780 NPFFR2 A 0.060 6.33 × 10−8

rs77656238 4 73034261 NPFFR2 T 0.053 8.82 × 10−8

rs80063785 5 22398459 CDH12 G 0.066 1.03 × 10−7

Abbreviations: CHR, chromosome; CI, confidence interval; MAF, minor allele frequency, OR, odds 
ratio of non-response; NPFFR2, neuropeptide FF receptor 2. CDH12, cadherin 12; SNP, single 
nucleotide polymorphism.
*P ≤ 0.05. 

TA B L E  3   Results of the frequentist 
analysis of the association of PASI75 at 
3 months with the SNPs imputed along 
the whole genome. Summary of the SNP 
showing the smallest adjusted p-value 
with PASI75 at 3 months of treatment. 
None of the polymorphisms reached the 
significance threshold
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