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Biological drugs targeting tumour necrosis factor are
effective for psoriasis. However, 30-50% of patients
do not respond to these drugs and may even develop
paradoxical psoriasiform reactions. This study search-
ed for DNA copy number variations that could predict
anti-tumour necrotic factor drug response or the ap-
pearance of anti-tumour necrotic factor induced pso-
riasiform reactions. Peripheral blood samples were
collected from 70 patients with anti-tumour necrotic
factor drug-treated moderate-to-severe plaque pso-
riasis. Samples were analysed with an Illumina 450K
methylation microarray. Copy number variations were
obtained from raw methylation data using conumee and
Chip Analysis Methylation Pipeline (ChAMP) R packa-
ges. One copy number variation was found, harbouring
one gene (CPM) that was significantly associated with
adalimumab response (Bonferroni-adjusted p-value
<0.05). Moreover, one copy number variation was
identified harbouring 3 genes (ARNT2, LOC101929586
and MIR5572) related to the development of paradoxi-
cal psoriasiform reactions. In conclusion, this study
has identified DNA copy number variations that could
be good candidate markers to predict response to ada-
limumab and the development of anti-tumour necrotic
factor paradoxical psoriasiform reactions.
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Psoriasis is a chronic inflammatory disease with an
important genetic component (1). In addition to affec-
ting the skin, psoriasis is associated with other patholo-
gies, such as psoriatic arthritis, increased cardiovascular
risk, Crohn’s disease, and depression (2)

Autosomal genes present 2 copies, one from each of
the progenitors. Copy number variations (CNVs) repre-
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SIGNIFICANCE

Currently, 30-50% of patients with psoriasis do not re-
spond to anti-tumour necrotic factor drugs, moreover,
some patients develop complications. The aim of this study
was to determine biomarkers that can predict drug re-
sponse and complications, such as psoriasiform reactions.
Bioinformatic tools were used to compare sections of the
genome that are repeated (copy number variations), which
could contain genes. Copy number variations were identi-
fied that could predict response to adalimumab. Moreover,
copy number variations were found that could predict the
development of psoriasiform reactions. These results may
enable therapies to be improved. The biomarkers may help
clinicians to avoid complications derived from anti-tumour
necrotic factor drugs, and to optimize patients’ care.

sent a decrease (deletion) or increase (duplications or
insertion) in the number of copies of a DNA region (3).
CNVs can affect gene expression by altering the genome
structure and transposable elements within a region.
Although CNVs are present in healthy individuals, they
can be involved in different pathologies, such as can-
cer and autoimmune diseases (4). CNV determination
is currently being applied to the diagnosis of various
diseases (5).

The role of CNVs in psoriasis has been shown in
several studies (6—8). An association has been described
between psoriasis and the homozygous or heterozygous
deletion of the LCE3B and LCE3C genes, which are part
of the cluster of late cornified envelope genes (LCE)
involved in the terminal differentiation of the epidermis
(7). Moreover, an increase in copy number of the CCL4/
CCL4L genes, which encode for chemokines that sti-
mulate T helper type 1 (Th1) cells, T regulatory (Treg)
cells, monocytes and dendritic cells (DC), is related to
greater severity of psoriasis (6). Psoriasis is also linked
to CNVs in B-defensin (DEFB) genes, which encode
cationic antimicrobial peptides with an important role
in both innate and adaptive immunity (8).

Anti-TNF drugs are effective in treatment of moderate-
to-severe plaque psoriasis. However, 30—50% of patients
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do not present an adequate response (9). Moreover, these
drugs are expensive and, although rarely, patients can
develop adverse effects, including paradoxical psoriasi-
form reactions (10, 11). Pharmacogenetics has been
widely applied to the search for genetic biomarkers of
drug response in psoriasis (12). Nevertheless, to our
knowledge, CNV analysis has not yet been applied to
pharmacogenetics in psoriasis. Thus, the aim of this study
was to identify CN'Vs throughout the whole genome that
can predict anti-TNF drug response in patients with pso-
riasis or the appearance of anti-TNF-induced paradoxical
psoriasiform reactions.

MATERIALS AND METHODS

Study population and ethics statement

This study was designed as a non-interventional, cohort, cross-
sectional observational study. Blood samples were obtained from
adult patients with moderate-to-severe plaque psoriasis (according
to the consensus document of the Spanish Academy of Derma-
tology and Venereology Psoriasis Working Group) (13), treated
with anti-TNF drugs (adalimumab, infliximab or etanercept) who
signed the informed consent. The protocol and informed consent
document complied with Spanish legislation on biomedical and
clinical research and were approved by the Ethics Committee for
Clinical Research of Hospital Universitario de la Princesa. Patients
exhibiting extreme phenotypic response to anti-TNF drugs were
selected in order to maximize differences in drug response. Pa-
tients were distributed into 2 groups: excellent responders (ER) if
they achieved PASI90 response (90% improvement from baseline
Psoriasis Area and Severity Index (PASI) score) at 3 and 6 months,
and partial responders (PR) if they did not achieve PASI75 respon-
se (75% improvement from baseline PASI score) (Table I, Fig. 1).

Genotyping

DNA was extracted from peripheral blood samples using the
MagNa Pure® System (Roche Applied Science, Penzberg,
Germany). DNA integrity number was obtained with 2100 Bio-
Analyzer (Agilent technologie, Santa Clara, CA, USA). The EZ
DNA Methylation Kit (Zymo Research, Irvine, CA, USA) was
then used for bisulphite conversion of 1,000 ng genomic DNA.
Genome-wide DNA methylation analysis was performed with
high-density array Illumina Infinium Human Methylation 450
Bead Chip (Illumina Inc., San Diego, CA, USA) in blood samples,
according to the manufacturer’s protocol, as described previously
(14). The data presented in this publication have been deposited
in NCBI’s Gene Expression Omnibus (https://www.ncbi.nlm.
nih.gov/geo/) and are accessible through GEO Series accession
number GSE151278 (14).

Copy number variation analysis

All analyses were performed on the raw data (IDAT files) obtained
from microarrays. IDAT files were analysed with 2 R packages
specific for CNV analysis based on methylation microarrays: co-
numee and the Chip Analysis Methylation Pipeline (ChAMP) (15).

Chip Analysis Methylation Pipeline

CNVs were obtained with ChAMP using the “myCNA” function
(15). ChAMP combines the intensity values of the methylated and
unmethylated probes of each of the cytosine-phosphate-guanine

www.medicaljournals.se/acta

Table I. Summary of the clinical and demographic characteristics
of the study population

All patients ER PR
(n=70) (n=49) (n=21)

47.1+14.6 45.4+14.2 51.0+15.0 '0.137
25.8+11.6 25.4+11.0 26.7+13.1 '0.679

p-value

Age, years, mean+SD

Age at onset of psoriasis,
years, mean+SD

Men, n (%)

Weight, kg, mean+SD

43 (61.4) 31 (63.3) 12 (57.1) '0.789
75.5+12.9 75.0+12.7 76.8+13.6 '0.595

Psoriasis type 12, n (%) 61 (87.1) 43 (87.8) 18 (85.7)
Psoriasis type IIb, n (%) 9 (12.9) 6 (12.2) 3(14.3) 1.000
Patients with PsA, n (%) 17 (24.3) 13 (26.5) 4 (19.0) '0.561

Age at first biological agent, 41.1+13.3 37.9+11.8 47.8+14.1
years, mean+SD

Baseline PASI, mean+SD 21.7+11.4 22.0+11.7 21.0+11.1 '0.748

PASI at 3 months, mean+SD 3.44 +5.88 0.61+0.95 10.04+6.02 '0.000*

‘0.010*

PASI at 6 months, mean+SD 3.69+8.38 0.46+0.79 12.2+12.2 ’'0.000*
Adalimumab, n (%) 25 (35.7) 21 (84.0) 4 (16.0) '0.384
Etanercept, n (%) 27 (38.6) 16 (59.3) 11 (40.7)

Infliximab, n (%) 18 (25.7) 12 (66.7)  6(33.3)

Psoriasiform reactions, n (%) 7 (10.0) 0 (0.0) 7 (100.0) ‘0.000*

@Early-onset psoriasis (<40 years). bLate-onset psoriasis (=40 years).
Differences were analysed between excellent responders (ER) and non-responder
patients. Student’s t-test and )(2 test were performed for continuous and categorical
variables, respectively.

*p<0.05.

PsA: psoriatic arthritis; PASI: Psoriasis Area and Severity Index; PR: partial
responders; ER: excellent responders; SD: standard deviation.

(CpQ) sites. It then normalizes the intensity values with a series
of controls (genomes from healthy individuals) obtained from the
minfi.Data package (minfiData: Example data for the Illumina
Methylation 450k array. R package version 0.36.0). This pro-
cess returns segments with a length ranging from 1,000 to over
2,000,000 base pairs (Fig. 1).

Conumee

IDAT data were pre-processed with the minfi package, followed
by processing with the R package conumee (https://bioconductor.
org/packages/release/bioc/html/conumee.html). This package
combines the intensity values of the methylated and unmethyla-
ted probes of each of the CpG sites and normalizes the intensity
values with a series of controls obtained from the minfi.Data of
minfi.Data.EPIC packages. Conumee executes 2 different forms
of DNA fragmentation: bins and segments. Bins are DNA regions
that contain 15 neighbouring CpGs and their number is constant
for each patient (15,820). Segments are clusters that present the
same state of variation in the number of copies, obtained with the
circular binary segmentation (CBS) algorithm. Segments are larger
than the bins, their size ranges from 100,000 to 6,000,000 base
pairs, and their number varies among patients (Fig. 1).

Enrichment analysis

Significant CNV regions (either bins or segments) were an-
notated using the bedr R library for detecting genes located on
these regions. In order to identify the relationships and signalling
pathways in which these genes are involved, they were subjected
to enrichment analysis using Enrichr (https://amp.pharm.mssm.
edu/Enrichr/).

Statistical analysis

Specific scripts were developed for comparing bins and segments
obtained by different packages in order to find representative
CNVs of the different comparisons performed (Fig. 1, Table I).
Bins: Student’s #-test was used to compare intensity values of each
bin between the different groups analysed (i.e. ER vs PR). In order
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Fig. 1. Workflow of the analysis performed in this study. CNV: copy number variations; CpG: cytosine-phosphate-guanine methylation sites; ER:
excellent responders; IDAT: raw methylation files; PR: partial responders; TNF: tumour necrosis factor.
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Table II. Analysis of copy number variations and genes associated with anti- tumour
necrosis factor (anti-TNF) drug response or to the appearance of psoriasiform

of 4 genes, that showed a trend toward
association with adalimumab response

reactions
ChAMP Conumee (Table II): Neverttheless, these genes were
not associated with any known signalling
Segments Genes Segments Genes Segments Genes . .
n n n n n n pathway by enrichment analysis.
Response to anti-TNF drugs 0 0 0 0 0 0
Response to adalimumab 0 0 0 0 1 1 s L. . .
Response to etanercept o o o o o o Copy number varzatlons. assocza.ted. with
Response to infliximab 0 0 0 0 0 0 development of paradoxical psoriasiform
Psoriasiform reactions 0 0 0 0 1 3

reactions

Analyses were carried out using Chip Analysis Methylation Pipeline (ChAMP) or the conumee package

(15). Table summarizes the number of regions obtained in each analysis and the number of genes

found in these regions.

to avoid biases due to differences in segment lengths the study
compared only those segments that presented the same location,
same length and the same initiation and end base pairs in at least
2 patients of each group (ER and PR).

Subsequenly, Bonferroni correction was applied to avoid
spurious results due to multiple comparisons. Those Bonfer-
roni adjusted p-values lower than 0.05 or marginally significant
(»<0.065) were considered.

RESULTS

Copy number variations associated with anti-tumour
necrosis _factor drug response

Initially, the study searched for CNVs that could predict
anti-TNF drug response. For that purpose, a methylation
analysis of 70 patients with moderate-to-severe psoriasis
treated with anti-TNF drugs was performed. Of these,
49 were ER and 21 were PR (Table I). Twenty-five of
the patients (35.7%) were treated with adalimumab, 27
(38.6%) with etanercept, and 18 (25.7%) with infliximab.
Of the patients treated with adalimumab, 21 (84%) were
ER and 4 (16%) were PR. For etanercept, 16 (59.3%)
patients were ER and 11 (40.7%) were PR. Finally, 12
(66.7%) patients treated with infliximab were ER, while
6 (33.3%) were PR.

Potential differences were observed in the CNV pat-
terns between the ER and PR groups for global anti-TNF
drug response (Fig. S1'). However, a detailed analysis
could not find any significant difference between ER
and PR to anti-TNF drugs with any of the strategies
tested (ChAMP segments, conumee segments and bins)
(Table II).

Subsequently, a search was performed for CNVs that
could specifically predict the independent response to
each anti-TNF drug (adalimumab, etanercept or in-
fliximab). No CNVs were found that could significantly
predict etanercept or infliximab response. However, 1 bin
was found showing differences between ER (n=21, Fig.
S2A" and PR (n=4, Fig. S2B!) to adalimumab. This bin
included one gene (Table II and Table III, Fig. S3A").
The search also found 2 additional bins, harbouring a total

thttps://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3794
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In addition, a search was carried out for
CNVs that could predict which patients
would develop anti-TNF-induced para-
doxical psoriasiform reactions. Seven patients developed
these reactions. Of these, 3 patients had been treated
with infliximab and 4 with etanercept. Most of the
patients (n=06; 85.6%) experienced a change in psoriasis
morphology from plaque psoriasis to guttate psoriasis (a
clinical form that the patients had not shown previously).
One patient (14.3%) with plaque psoriasis developed an
erythrodermic flare after initiating etanercept therapy.

An attempt was made to identify biomarkers for all
types of psoriasiform reactions. Initially, blood samp-
les from psoriasis patients with (n=7) (Fig. S4B') and
without paradoxical psoriasiform reactions (n=63) were
analysed (Fig. S4A") after anti-TNF drug treatment. Two
2 bins were found, harbouring a total of 4 genes, which
could potentially identify which patients would develop
a psoriasiform reaction (Tables 1T and III, Fig. S3B!).
Furthermore, an additional bin was found, including 2
genes, which showed a trend towards association with
psoriasiform reactions (Table II).

DISCUSSION

This study used a pharmacogenomics approach to
search throughout the whole genome for CNVs that

Table III. Summary of significant® or marginally significant® copy
number variations associated with adalimumab response or the
development of paradoxical psoriasiform reactions

Length

(base Adj. Log2
Region pairs) p-value ratio# Genes
PG Ada
chr12:69250001-69600000 350,000 0.025* 0.146 CPM
chr12:132500001-132550000 50,000 0.053 -0.150 EP400, SNORA49
chr20:56200001-56250000 50,000 0.063 -0.126 PMEPA1, NKILA
PSR
chr11:44000001-44100000 100,000 0.061 0.037 ACCSL, ACCS
chr15:80650001-80750000 100,000 0.006%* 0.026 ARNT2,

LOC101929586,
MIR5572

@Bonferroni adjusted p-value <0.050. bBonferroni adjusted p-value <0.065.

PG Ada: Pharmacogenetics of adalimumab (comparison of excellent responders
with partial responders); PS R: development of paradoxical psoriasiform reactions.
Adj.p: p-value adjusted with the Bonferroni correction. #explains the ratio was
calculated. in the case of PG Ada corresponds to the ratio of the CNVs of partial
responders and excellent responders. In the case of paradoxical psoriasiform
reactions it corresponds to patients with psoriasiform reactions referred to patients
without psoriasiform reactions.

Length: length of the region with CNVs.

*Significant p-value according to Bonferroni adjustment.
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could predict anti-TNF drug response in psoriasis. Mul-
tiple pharmacogenetic studies searching for predictive
markers of drug response in psoriasis have focused on
single nucleotide polymorphisms (SNPs) (12). More-
over, the only pharmacogenomics study following a
hypothesis-free approach (16) also focused on the ana-
lysis of SNPs associated with anti-TNF drug response.
Although CNVs of pharmacogenes have already been
associated with patients’ response to different drugs
(17), no systematic pharmacogenomics study addres-
sing this association has been published. Therefore,
to our knowledge, this is the first study evaluating the
association between CNVs throughout the whole ge-
nome and the response to biological drugs in patients
with psoriasis.

Globally, no significant differences in CNVs were
found between ER and PR to anti-TNF drugs. Neverthe-
less, one bin showing differences between ER and PR
to adalimumab was found (Table IIT). This CNV region
contains one gene: CPM (Carboxypeptidase M), which
is involved in the maturation of macrophages, immune
cells that play an important role in psoriasis pathogenesis
(18). Moreover, 2 additional bins were found that showed
a trend toward association with adalimumab response
(Table III). Each bin harbours 2 genes: EP400 (E1A
Binding Protein P400) and SNORA49 (adjusted p-value
=0.053) and PMEPA I (Prostate Transmembrane Protein,
Androgen Induced 1) and NKILA (NF-x B interacting
long noncoding RNA) (adjusted p-value =0.063).

EP400 is a component of the NuA4 histone acetyl-
transferase complex involved in transcriptional activation
of specific genes, mainly by acetylation of nucleosomal
histones H4 and H2A, and contributes to chromatin re-
modelling. EP400 is associated with SMAD2-51, which
is downregulated in psoriatic skin compared with healthy
skin from the same patients (19).

Surprisingly, SNORA49, PMEPAI and NKILA have
not previously been associated with psoriasis or with
biological drug response. Although PMEPAI function
is not well understood, this gene is believed to encode
a trans-membrane protein that can bind SMAD proteins
through its cytoplasmic domain and induces Akt activa-
tion (20). NKILA modulates functions involving NF-xB
pathway (20). Since PMEPA1 and NKILA are located
close to each other, it has been hypothesized that NKILA
downregulates PMEPA I levels (20).

None of these CNVs involve the same genes as the
SNPs capable of predicting adalimumab and infliximab
drug response (rs6661932 (/VL), rs2546890 (IL-12B),
rs2145623 (NFKBIA), rs9304742 (ZNF816A4) and
1s645544 (SLC9A48) and rs1061624 (TNFR1B) (21). This
reinforces the idea that SNPs and CNVs are independent
complementary genetic mechanisms contributing to
variability in drug response (22), thereby suggesting that
the present findings describe novel biomarker candida-
tes. No significant differences in CNVs were observed
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between ER and PR to etanercept or to infliximab.
Accordingly, in a previous study, we found differences
in methylation characteristics between ER and PR to
adalimumab, but we did not find specific biomarkers of
etanercept or infliximab response (14).

In addition, we searched for pharmacogenomic
biomarkers of the appearance of anti-TNF-induced
psoriasiform reactions. There are different types of
paradoxical psoriasiform reactions: new-onset psoriasis
in patients with a different pathology, worsening of a
pre-existing psoriasis, and changes in the phenotype of
psoriasis (10, 23). Most of the paradoxical psoriasiform
reactions included in the current study consisted in a
change in psoriasis morphology from plaque psoriasis
to guttate psoriasis. This study characterized 1 CNV that
could potentially predict the appearance of paradoxical
psoriasiform reactions (Table III). This bin harbours 3
genes: ARNT2, LOC101929586, and MIR5572. ARNT?2
(Aryl Hydrocarbon Receptor Nuclear Translocator 2) is
involved in hypoxia response in epidermal keratinocytes
(24). Both hypoxia and angiogenesis are deeply involved
in psoriasis development (25). LOCI101929586 is an
IncRNA gene, while MIR5572 encodes a microRNA.
Both types of RNA are involved in post-transcriptional
regulation of gene expression.

In addition, this study identified another bin showing
a trend towards association with psoriasiform reactions
(adjusted p-value =0.061). This bin harbours 2 genes:
ACCS and ACCSL. ACCS (1-Aminocyclopropane-
1-Carboxylate Synthase Homolog [Inactive]) encodes
an enzyme that catalyses the L-vinylglycine deamina-
tion, while ACCSL is an ACCS paralog generated by a
duplication event within the genome that has developed
pyridoxal phosphate binding function.

A previous study in our laboratory revealed 5
SNPs (rs11209026 in /L23R, rs10782001 in FBXLI19,
rs3087243 in CTLA4, rs651630 in SLCI12A48 and
rs1800453 in T4PI) associated with paradoxical reac-
tions. The genes presenting these SNPs are not included
in any of the CN'Vs described in the current study. These
results reinforce the notion that CNVs and SNPs are
complementary, but different, mechanisms related to the
development of psoriasiform reactions.

Susceptibility to psoriasis or disease severity has been
associated with CNVs in certain genes such as CCL4/
CCL4L (6), LCE3B and LCE3C (7)and DEFB (8). How-
ever, we have not found CNVs associated with anti-TNF
drug response or with the appearance of psoriasiform
reactions in the regions containing these genes. These
results suggest that, although CNVs in these regions may
be involved in psoriasis pathogenesis, they might not
contribute to anti-TNF drug response or to paradoxical
psoriasiform reactions.

Herein, we propose a strategy for the statistical ana-
lysis of CNVs with data from methylation arrays using
bioinformatics tools (conumee and ChAMP) (15).

Acta Derm Venereol 2021
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Previous publications have shown that they provide
analogous results to the gold-standard technique for
CNV analysis (CGH arrays) (26, 27). Nevertheless, these
tools focus on CNV representation (15, 26, 28) and are
not designed for the statistical analysis of differences
between different groups. Thus, we have developed a
strategy that could help to maximize the information
gathered by expensive techniques such as methylation
microarrays. Notably, this study obtained pharmacoge-
nomic information from an array initially designed for
pharmacoepigenetics analysis (14).

In order to maximize the CNV information obtained
from methylation arrays this study used different R
packages (ChAMP (15) and conumee). In addition, the
study attempted to use other packages specific to CNV
analysis of methylation data; however, these are still in
development (cnAnalysis 450K (29), EpiCopy (30)) or
deprecated (CopyNumber450K (31)). Meffil (32) and
RnBeads (33) were discarded because they provide
individual CNV information for each CpG, but do not
integrate these differences to provide CNV regions. No
significant differences were found in segments (with
conumee or ChAMP) in any of the analyses performed.
However, CNVs affecting such long DNA regions
(100,000 and 6,000,000 base pairs) could cause more
severe pathologies, such as some types of cancer, e.g.
glioblastoma (28). Moreover, a very restrictive analysis
was performed in the current study, which considered
only those segments that had the same location in the
genome (chromosome, start and end) and were present
in most of the patients in the compared groups (i.e. ER
vs PR). However, these results should be validated with
other techniques in order to determine if they are depen-
dent on method.

Study limitations

The main limitation of this study is the reduced number
of patients in the different groups analysed. However, a
strength of the study is that it was based on a methyla-
tion array and the sample size is higher than that used in
other methylation studies (n=12 patients) (34), (n=24
patients) (35). Another limitation is that observed CNVs
showed a small difference in the intensity values between
the compared groups. The relationship between intensity
values and CNV copies is unclear. However, certain pu-
blications consider a CNV gain when log?2 ratio is higher
than 0.2 and a loss if it is lower than —0.2 (36). Most of
the reported CNVs in this study do not reach these th-
resholds (Table III). This could be due to heterogeneity
in the peripheral blood composition, which could mask
possible differences between the groups. Moreover, as
this is the first study using this technique, it is necessary
to validate these results using an independent cohort of
patients and a different technique.

www.medicaljournals.se/acta

Conclusion

Through CNV analysis of methylation data, the cur-
rent study has unveiled CNV regions associated with
adalimumab response or psoriasiform reactions. These
results could provide new insights into potential new
biomarkers for these outcomes. As this is the first study
to use this approach, further validation studies are requir-
ed to confirm the clinical potential of these biomarker
candidates.
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