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A b s t r a c t

Introduction: The primary goal of psoriasis treatment is to reduce the in-
flammatory response and associated complications. In severe cases of pso-
riasis that are resistant to local treatment (e.g., keratolytic preparations) 
and at least two types of general treatment methods (e.g., retinoids and 
cyclosporine A), biological therapy is used. This study aimed to assess the 
systemic effects of adalimumab at a  given stage of treatment in patients 
with psoriatic arthritis and evaluate how the drug can improve the clinical 
condition of the patients.
Material and methods: The study group consisted of patients with diag-
nosed psoriatic arthritis, while the control group consisted of individuals 
from whom peripheral blood mononuclear cells were obtained. The effects 
of the administration of adalimumab were assessed by analyzing the gene 
expression using oligonucleotide microarrays.
Result: The apoptosis process was found to be one of the overrepresented 
categories (the PANTHER classification system 13.1 program, overrepresen-
tation test, p < 0.05). The dermatological indexes decreased, indicating an 
improvement in the clinical conditions of the patients 3 months after the 
first dose of adalimumab.
Conclusions: We found that adalimumab affects apoptosis, which is crucial 
in the development and course of psoriasis. The differential gene expression 
in peripheral blood mononuclear cells of patients with psoriatic arthritis in-
dicated the potential systemic effects of adalimumab therapy. The analyses 
of dermatological (the Psoriasis Area and Severity Index, body surface area 
and Dermatology Life Quality Index) and inflammatory (Biernacki’s reaction) 
parameters revealed the effectiveness of the therapy.

Key words: biological treatment, apoptosis, autoimmune disease, psoriatic 
arthritis.

Introduction

Psoriasis is one of the most common chronic inflammatory derma-
tological diseases. Recent research has shown that this disease affects 
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about 2–5% of the global population [1]. Psoriasis 
is characterized by red to brownish-red papules 
covered with scales. The lesions are delimited from 
the surrounding skin. The clinical manifestations 
of psoriasis vary considerably from patient to pa-
tient and from individual eruptions to generalized 
lesions. Depending on the extent of the changes 
on the skin, the following forms of psoriasis can 
be distinguished: plaque, guttate, pustular and so 
forth [2]. Eruptions can occur on any area of the 
body; they are most often located on the elbows, 
knees, scalp and nails (psoriasis of the nails) [3]. 
Psoriatic arthritis is a  severe type of psoriasis. It 
can cause arthritis and, consequently, leads to the 
deformity of joints, impaired mobility and even 
disability. The most common symptom is the in-
volvement of the phalanges and sacroiliac joints 
and tenderness in the areas of tendon attachment 
[4, 5].

Even though the etiology of psoriasis is not 
fully understood, an immunological (Langerhans 
cells and T helper cells, especially Th1 and Th2), 
genetic or environmental origin has not been ex-
cluded. An autoimmune background is associated 
with how the body attacks and destroys its own 
tissues [6]. The molecular mechanism has also 
not been fully explained. However, cytokines such 
as tumor necrosis factor α (TNF-α); transforming 
growth factor β (TGF-β); interferon-γ (IFN-γ); inter-
leukins, such as IL-1-β, IL-6 and IL-8; chemokines 
(CCL, CXCL and CX3CL), such as CXCL9, CXCL10 
and CXCL11; chemokine receptors (CCR, CXCR and 
CX3CR); and cyclooxygenase-2 (COX-2) play an 
important role [7]. TNF-α is a pleiotropic cytokine 
that stimulates, among other processes, T-cell pro-
liferation, B-cell proliferation and differentiation 
and their release of proinflammatory cytokines. 
Under the influence of activated T lymphocytes, 
there is increased proliferation of keratinocytes 
and thus resistance to apoptosis [4–9].

Psoriasis patients are often diagnosed with co-
morbid diseases which are included in the meta-
bolic syndrome. These diseases include diabetes, 
cardiovascular diseases and obesity [10–14]. The 
findings of a  study showed that metabolic syn-
drome diseases are much more common in pso-
riasis patients compared to the healthy group 
[15]. According to the literature, disorders in lipid 
metabolism, as well as abnormalities in oxidative 
balance, are associated with chronic inflammation 
[16]. In addition, proinflammatory cytokines are 
involved in both the pathogenesis of psoriasis and 
metabolic syndrome diseases (e.g., obesity) [17].

The majority of the systemic changes in the 
course of psoriasis and psoriatic arthritis cor-
relate with the Psoriasis Area and Severity Index 
(PASI), body surface area (BSA) and Dermatology 
Life Quality Index (DLQI), as well as with inflam-

matory markers – C-reactive protein (CRP) and 
Biernacki’s reaction (OB). In addition, in the case 
of psoriatic arthritis,  the Disease Activity Score 
indicator (DAS28) correspond to the degree of dis-
ease activity with respect to joints. Therefore, it is 
necessary to monitor their values at every stage 
of treatment.

The choice of therapy method depends on the 
severity of the skin lesions, the frequency of re-
lapses and the course of the disease. The goal 
of the treatment is to achieve the longest remis-
sion periods [18]. Currently, psoriasis treatment is 
carried out locally (e.g., using urea, salicylic acid 
and dithranol) as well as generally (e.g., using ret-
inoids, cyclosporine A and photochemotherapy). It 
should be emphasized that biological drugs (pro-
teins derived from living cells or obtained by ge-
netic recombination that exhibit pharmacological 
effects) are currently the only therapy for patients 
nonresponsive to other treatment methods. The 
following groups of biological drugs can be dis-
tinguished: recombinant human proteins, fusion 
proteins and chimeric and humanized or human 
monoclonal antibodies [19].

Biological therapies are successfully used not 
only in the field of dermatology but also in the 
treatment of endocrine diseases (e.g., growth 
hormone), rheumatoid diseases – rheumatoid 
arthritis, ankylosing spondylitis (e.g., abatacept, 
golimumab and certolizumab), cancers (e.g., bev-
acizumab, cetuximab and panitumumab) and 
chronic inflammatory bowel disease and Crohn’s 
disease (e.g., anti-TNF drugs) [20, 21]. There are 
many types of biological drugs to treat psoriasis: 
drugs blocking IL-12-IL-23 p40 (ustekinumab and 
briakinumab), anti-IL-17A antibodies (secukinum-
ab), Janus kinase family inhibitors (tofacitinib and 
tasocitinib) and IL-6 receptor blockers (tocilizum-
ab). But the most common are those that block 
TNF-α (adalimumab and etanercept) [20, 21].

Various biological drugs may have system-
ic effects due to the immunological aspect [22, 
23]. Their mechanism of action is the inhibition 
of proinflammatory cytokines. This leads to the 
blocking of T-cell activity and the migration of 
inflammatory cells from the lymph nodes to the 
circulation system and the skin [24].

Patients taking biological drugs are partici-
pants in clinical trials, and the effects of the treat-
ment are regularly monitored and subjected to 
thorough analyses [25, 26]. Many studies have 
demonstrated the efficacy of adalimumab in the 
treatment of psoriatic arthritis. However, it has 
also been proven that this therapy may have nu-
merous side effects – such as nausea, vomiting, 
headaches and muscle pains, rubor, nettle rash, 
upper respiratory tract infections, sinusitis and 
fungal and bacterial infections [27, 28]. 
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Many attempts have been made to identi-
fy mRNA in peripheral blood mononuclear cells  
(PBMCs), which could be easily accessed and used 
as markers of the intratissue process of various 
diseases [29, 30]. However, only a few studies have 
identified genetic pathways of dermatological dis-
eases. In addition, the gene expression profile of 
the blood samples of patients with psoriasis during 
adalimumab treatment is still not well known.

Thus, this study aimed to assess the systemic 
effects of the subcutaneous administration of the 
biological drug adalimumab to patients with pso-
riatic arthritis. The influence of the drug on the 
reduction of the skin lesions defined by the PASI, 
BSA and DLQI indicators was assessed by analyz-
ing the values of these indicators before the first 
dose and before the dose after 3 months. Fur-
thermore, the effect of the drug on the OB index, 
which is one of the indicators of inflammation, 
was also analyzed. Changes in the value of DAS28 
as a result of the treatment were also determined. 
In addition, the differences in gene expression 
in the patients’ PBMCs in relation to the control 
group, who were healthy subjects with no derma-
tological dysfunctions, were also analyzed.

Material and methods

The study group consisted of 20 patients  
(12 men and 8 women), aged 48 ±10 years, who 
were undergoing anti-TNF (adalimumab) biological 
therapy for psoriatic arthritis in Poland. The main 
inclusion criterion for the study group was severe 

psoriasis (PASI > 10, BSA > 10%) that had stopped 
responding to conventional general treatment 
methods (at least two antirheumatic disease-mod-
ifying drugs administered as monotherapy or poly-
therapy) or cases in which contraindications to the 
use of this type of therapy were found. The exclu-
sion criteria were individuals under the age of 18, 
hypersensitivity to the active substance or auxilia-
ry drug, an active infection of various origins, drug 
or alcohol abuse and mental illness. The patients 
were under the care of the Dermatology Clinic of 
the Silesian Medical University in Katowice. For all 
of the patients included in the study, the following 
parameters were determined: PASI, DLQI, BSA (%) 
and DAS28. In addition, a biochemical panel was 
created, including the inflammation indicators OB 
(mm/h) and CRP (mg/l). The characteristics of the 
experimental group are shown in Table I.

The control group consisted of 20 individuals 
(8 women and 12 men) aged 46 ±10 years, who 
had not been diagnosed with psoriatic arthritis 
and were not using general steroid therapy or any 
other immunosuppressive treatment.

The biological drug (adalimumab) was ad-
ministered under the skin of the patients with  
a  40 mg pre-filled syringe every 2 weeks. Every 
3 months, the patients underwent routine tests 
(called monitoring [M]), including the procedures 
described above.

The study was approved by the Bioethical Com-
mission of the Silesian Medical University in Kato-
wice (KNW/0022/KB1/59/13) in accordance with 
the Helsinki Declaration on medical research in-
volving human participants. The patients who were 
included in the study consciously decided to partic-
ipate in the project by signing a consent form.

To carry out the molecular analyses, venous 
blood samples (5 ml) were taken from the aortic 
vein before administering the biological treatment 
(adalimumab), during the treatment (follow-up 
visits, as determined by the above-mentioned 
monitoring) and after the therapy was discontin-
ued. The extraction of total ribonucleic acid (RNA) 
from PBMCs was performed using a  PAXgene 
Blood RNA Kit IVD (Qiagen, Wroclaw, Poland) ac-
cording to the manufacturer’s recommendations. 
The concentration of the nucleic acid was deter-
mined using a  Nano MN-913 MaestroNano Pro 
Micro-volume Spectrophotometer (Maestrogen, 
Hsinchu City, Taiwan).

For the analysis of the oligonucleotide microar-
rays, samples from patients with psoriatic arthritis 
who had been treated were analyzed (before the 
adalimumab first dose [M0] was administered and 
during the first monitoring – 3 months before the 
next doses [M1]) – as well as control samples from 
the healthy individuals with no dermatological 
issues [C]). The gene expression profile was an-
alyzed using HG-U133A_2.0 commercial oligonu-

Table I. Selected features of patients participating 
in the study ([M0] – before the first dose of the 
drug, [M1] – before the next doses of the drug after 
3 months of I-monitoring) (n = 20)

Parameter Value

Gender Male 12

Female 8

Age [years] 48 ±10

Disease 
duration

21 ±9

PASI M0 20.8 ±6.7

M1 6.8 ±6.4

BSA (%) M0 40.33 ±12.87

M1 15.67 ±8.80

DAS28 M0 4.28 ±1.22

M1 3.24 ±0.84

DLQI M0 22.37 ±4.53

M1 14.37 ±4.65

Previous 
treatment

Methotrexate 20

Cyclosporin A 18

Sulfasalazine 18
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cleotide microarrays (Affymetrix, Santa Clara, CA, 
USA) according to the manufacturer’s instructions.

The products of the individual stages of the 
transcriptome determination using oligonucle-
otide microarrays were quantified using the spec-
trophotometric and qualitative techniques of aga-
rose gel electrophoresis. Only those samples that 
met the qualitative and quantitative assessment 
criteria specified by Affymetrix were used in the 
next stages of the analysis.

Statistical analysis

The statistical analysis was performed using 
the Statistica 13.0 software (StatSoft, Kraków, 
Poland) and the significance level was set at 
p < 0.05. A one-way ANOVA test with the Benja-
mini-Hochberg correction was used to assess the 
significance of differences in the gene expression 
between the test and control groups. Data from 
the oligonucleotide microarrays were analyzed 
using PL-Grid Infrastructure (http://www.plgrid.
pl/), which was based on the GeneSpring 13.0 
platform (Agilent Technologies, UK Limited, South 
Queensferry, UK). A list of the genes was prepared, 
the differential expression of which was identified 
at the level of two-fold change in at least one pair 
at p  <  0.05. The next stage of the analysis was 
the classification of the genes in relation to the 
processes in which they participate (biological, 
molecular functions, cellular components and 
pathways). The classification was performed us-
ing the Protein Analysis through Evolutionary Re-
lationships (PANTHER) classification system 13.1 
database program (http://www.pantherdb.org). 
The presented system enables large-scale anal-
ysis of genomes. Genes are classified according 
to their function in several ways. It is possible to 
rank by families, subfamilies, protein classes and 
pathways. This database gives the opportunity to 
analyze data using various statistical tests [31].

Using the STRING database, the relationship 
between genes associated with the process of 
apoptosis indicated in the overrepresentation test 
was analyzed. The results are presented in the 
form of diagrams showing the interactions be-
tween individual genes.

The STRING database is an easily accessible 
program and its information is constantly updat-

ed. This database has information about proteins 
obtained from publicly available scientific texts 
and experiments. It is mainly used to analyze the 
functional and structural relationships of individ-
ual proteins.

Student’s t-test for dependent tests was used 
to assess the relationship between adalimumab 
intake and the dermatological index values and 
inflammation in the patients. Statistically signifi-
cant results were assumed when p < 0.05.

Results

When comparing the PBMC transcripts in pa-
tients with psoriatic arthritis prior to the admin-
istration of the drug – before dosing [M0], after 
3 months [M1] and in the control group [C] – sta-
tistically significant differences in the expression 
level of the 4,114 mRNA transcripts were found 
between the groups (univariate ANOVA anal-
ysis using the Benjamini-Hochberg procedure, 
p < 0.05) (Table II).

Analysis of the expression profile of 22,277 
mRNA transcripts was started with the generation 
of mRNA heat maps, using Heatmap in the Gene-
Spring XG program. We determined the changes 
in the gene expression profile by comparing the 
changes in the color of the mRNA to the controls. 
The results are not presented here.

To obtain more detailed data on the degree 
of differentiation of the concentration profile 
of the 22,277 mRNA transcripts in individual 
groups of transcripts, a post‑hoc Tukey’s multi-
ple comparison test (p  <  0.05) was performed 
(Table III). The results indicate the number of 
mRNA transcripts differentiating the PBMC 
transcripts of the patients with psoriatic arthri-
tis prior to taking the drug [M0] and before the 
next doses of the drug were administered af-
ter 3 months [M1]: [M0] vs. [C] – 4,068 ID tran-
scripts, [M1] vs. [C] – 4,068 ID transcripts, [M0] 
vs. [M1] – 76 mRNA transcripts.

For the analysis, 1,995 mRNA transcripts, which 
showed more than a two-fold statistically signifi-
cant change in expression in at least one pair com-
pared to the control, were selected. An increase 
in the expression of 1,237 mRNA transcripts was 
observed in at least one pair, whereas the expres-
sion of 1,429 mRNA transcripts was silenced in at 
least one pair.

Table II. Number of the probe set identifiers (IDs) of the genes differentiating the PBMC transcripts of patients who 
were undergoing adalimumab treatment (before dosing and before the next dose after 3 months of I-monitoring) 
from the PBMCs in the control group

One-way ANOVA variance analysis with Benjamini-Hochberg correction

P-value P complete p < 0.050 p < 0.020 p < 0.010 p < 0.005 p < 0.001

Pobe set 
identifiers 
number 

22277 4114 2598 1720 1046 229
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The next stage of the analysis indicated the 
number of mRNA transcripts differentiating the 
analyzed transcriptome groups using a  Venn di-
agram (Figure 1). Further PANTHER analysis per-
mitted a  more accurate characterization of the 
observed changes in the PBMCs in patients with 
psoriatic arthritis prior to drug administration 
[M0], before the next doses of the drug after  
3 months [M1] and in the control group [C] using 
the hierarchically organized terms of Gene Ontolo-
gy, which constitute a universal classification and 
categorization of the biological processes in which 
a given gene participates, the molecular functions 
of a given gene product and the signaling path-
ways in which this gene participates. 

Gene Ontology analysis showed 14 subgroups 
of differentiating genes which are related to bi-
ological processes (p  <  0.05) (Figure 2 A). Then  
8 subgroups of differentiating genes were deter-
mined based on their cellular components (Fig-

ure 2 B), 9 subgroups that were associated with 
molecular functions (Figure 2 C), 23 subgroups 
that were associated with protein classes and  
113 subgroups that were derived from the signal-
ing pathways.

The categories that were overrepresented were 
determined by comparing the tested genes to the 
National Center for Biotechnology Information 
reference list of the human genome using the  
PANTHER program (Table IV).

The PANTHER analysis showed that the genes 
that were expressed in at least one pair were in-
volved in the molecular pathways, including in-
flammation that is mediated by the chemokine 
and cytokine signaling pathways (39 genes), the 
Wnt signaling pathway (22 genes), the gonad-
otropin-releasing hormone receptor pathway 
(27 genes), the cholecystokinin receptor  (CCKR) 
signaling map (18 genes), the integrin signaling 
pathway (17 genes), the interleukin signaling 
pathway (17 genes), the platelet-derived growth 
factor (PDGF) signaling pathway (16 genes), an-
giogenesis (16 genes), the fibroblast growth fac-
tor (FGF) signaling pathway (14 genes), the het-
erotrimeric G-protein signaling pathway-Gi alpha 
and the Gs alpha-mediated pathways (14 genes), 
the apoptosis signaling pathway (12 genes), the 
epidermal growth factor (EGF) receptor signal-
ing pathway (12 genes), the Huntington disease 
signaling pathway (12 genes), Parkinson disease 
(12 genes), the p53 pathway (11 genes), the 
Alzheimer disease-presenilin signaling pathway  
(10 genes), the muscarinic acetylcholine receptor 
2 and 4 signaling pathway (10 genes) and the nic-
otinic acetylcholine receptor signaling pathway 
(10 genes).

In turn, the molecular pathways in which the 
gene expression was silenced in at least one pair 
were involved in inflammation that was medi-
ated by the chemokine and cytokine signaling 
pathways (41 genes), the gonadotropin-releasing 
hormone receptor pathway (38 genes), the Wnt 
signaling pathway (32 genes), the PDGF signaling 
pathway (30 genes), the CCGR signaling pathway 
(29 genes), the CCKR signaling map (26 genes), 

Table III. The number of the probe set identifiers (IDs) differentiating the examined transcriptome groups from 
each other ([C] – control, [M0] – before the first dose of the drug, [M1] – before the next doses of the drug after  
3 months of I-monitoring)

Tukey’s post-hoc multiple comparison test

Transcriptome group [C]
IDs

[M0]
IDs

[M1]
IDs

IDs [C] 4114 4068 4084

IDs [M0] 46 4114 76

IDs [M1] 30 4038 4114

White – number of mRNA IDs that differentiated the transcriptome groups; dark gray – number of mRNA IDs in the comparative 
differentiation that is unrepresentative; gray – number of mRNA IDs that were representative of the differentiation of the transcriptome 
groups being tested.

[M0] v [C]

0

0

0

1

19

1971
4

[M1] v [C]

[M1] v [M0]

Figure 1. Venn diagram grouping the mRNA IDs 
that was selected by Tukey’s post-hoc test with the 
Benjamini-Hochberg correction (after the one-way 
ANOVA test) depending on the specificity of the 
different groups of PBMC transcripts ([C] – control, 
[M0] – before the first one dose of the drug, [M1] – 
before the next doses of the drug after 3 months –  
I monitoring), FC ≥ 2.0
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angiogenesis (26 genes), the Huntington disease 
signaling pathway (24 genes), the FGF signaling 
pathway (22 genes), the EGF receptor signaling 
pathway (20 genes), the T-cell activation signal-
ing pathway (20 genes), the Parkinson disease 
signaling pathway (17 genes), the B-cell activa-
tion signaling pathway (16 genes), the endothe-
lin signaling pathway (16 genes), the interleukin 
signaling pathway (16 genes), the vascular en-
dothelial growth factor (VEGF) signaling pathway  
(16 genes), the Alzheimer disease-pathogen sig-
naling pathway (12 genes), the angiotensin II-stim-

ulated signaling pathway through G proteins and 
beta-arrestin (11 genes), the Ras signaling path-
way (11 genes), the heterotrimeric G-protein sig-
naling pathway-Gi alpha and Gs alpha-mediated 
pathways (11 genes), cytoskeletal regulation by 
Rho GTPase (10 genes), the heterotrimeric G-pro-
tein signaling pathway-Gq alpha and Go alpha-me-
diated pathways (10 genes), the nicotinic acetyl-
choline receptor signaling pathway (10 genes) and 
the p53 signaling pathway (10 genes).

Among the overrepresented categories that 
were selected using Bonferroni’s binomial test is 

Rhythmic process 
Response to stimulus 

Reproduction 
Multicellular organismal process 

Metabolic process
Locomotion 
Localization 

Immune system process 
Growth

Developmental process 
Cellular process

Cellular component organization 
Biological regulation 
Biological adhesion

2
241

17
108

541
28

184
65

1
133

728
194

246
26

GO – Slim biological process

Synapse 

Organelle 

Membrane 

Macromolecular complex 

Extracellular region 

Extracellular matrix 

Cell part 

Cell junction 

Transporter activity  

Translation regulator activity  

Structural molecule activity  

Signal transducer activity  

Receptor activity  

Channel regulator activity  

Catalytic activity  

Binding 

Antioxidant activity

10

68

335

7

177

41

199

60

29

76

7

1

398

491

451

12

5

GO – Slim cellular component 

GO – Slim molecular function 

A

B

C

	 0	 100	 200	 300	 400	 500	 600	 700	 800

	 0	 100	 200	 300	 400	 500	 600

	 0	 50	 100	 150	 200	 250	 300	 350	 400	 450	 500
Figure 2. Subgroups of the differentiating genes associated with biological processes (A), cellular components (B), 
molecular functions (C), selected using the Panther 13.1 program (p < 0.05; PANTHER – Protein Analysis Through 
Evolutionary Relationships)

GO Slim – only a subset of GO (gene ontology) terms.
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Table IV. Over-demonstration categories with the genes that were predicted using Bonferroni’s binomial test 
(PANTHER 13.1).

Variable Number of genes (observed/expected) P-value

Biological process:

Calcium-mediated signaling 17/6.01 0.0403

Cellular calcium ion homeostasis 22/8.23 0.0111

Apoptotic process 44/24.05 0.0339

Cytoskeleton organization 50/28.91 0.0467

Intracellular protein transport 83/49.67 < 0.0001

Phosphate-containing compound metabolic process 179/114.16 < 0.0001

Catabolic process 127/84.17 < 0.0001

Transcription, DNA-dependent 107/73.00 0.0177

Nitrogen compound metabolic process 228/180.65 0.0371

Response to stimulus 241/191.60 0.0287

Protein class:

Annexin 18/6.51 0.0302

Non-receptor serine/threonine protein kinase 37/14.46 < 0.0001

Signaling molecule 75/48.67 0.0439

Enzyme modulator 113/76.08 < 0.0001

Molecular function:

Protein kinase activity 65/29.63 < 0.0001

DNA binding 115/77.58 < 0.0001

Protein binding 286/197.82 < 0.0001

Cellular component:

Protein complex 117/128.54 < 0.0001

Nucleus 185/139.06 < 0.0001

Cytoplasm 288/226.95 < 0.0001

Pathway:

P53 pathway by glucose deprivation 9/1.65 < 0.0001

Angiotensin I-stimulated signaling through G proteins 
and beta-arrestin

12/2.72 < 0.0001

Interleukin signaling pathway 25/6.37 < 0.0001

B cell activation 17/4.94 < 0.0001

T cell activation 22/6.51 < 0.0001

CCKR signaling map 41/12.45 < 0.0001

VEGF signaling pathway 16/4.87 < 0.0001

PDGF signaling pathway 35/10.74 < 0.0001

Inflammation mediated by chemokine and cytokine 
signaling pathway

56/18.25 < 0.0001

FGF signaling pathway 25/8.80 < 0.0001

Gonadotropin-releasing hormone receptor pathway 46/16.96 < 0.0001

Huntington disease 26/10.38 < 0.0001

EGF receptor signaling pathway 24/10.02 0.0182

Integrin signaling pathway 32/13.60 < 0.0001

Angiogenesis 29/12.38 < 0.0001
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one of the key processes for the development of 
psoriasis, which is apoptosis. This process condi-
tions the maintenance of homeostasis within the 
epidermis, as well as the functioning of the im-
mune system. Forty-four genes associated with 
this process were selected. In the next stage, the 
relationships between previously selected genes in 
the STRING database were investigated. Figure 3  
shows the complexity of the apoptosis pathways 
and the proportion of a  large number of genes 
in the presented process during anti-TNF ther-
apy. We discovered a  relationship between the 
gene encoding the FAS protein and the group of 
chemokines. A rather interesting relationship was 
also observed between the TP53 protein and oth-
er proteins – mainly ROCK1, which is involved in 
the cytoskeleton organization, or proteins from 
the BCL2 family (BNIP3).

In this study, we found a statistically significant 
decrease in the PASI dermatological indexes (on 
average by 13.42 ±5.18) (Figure 4 A) and BSA (on 
average by 24.66 ±15.95) (Figure 4 B). The OB pa-
rameter was also lower (on average by 7.5 ±5.00) 
(Figure 4 C), as was the DLQI index (on average by 
8.00 ±1.93) (Figure 4 D). In addition, a decrease in 
the DAS28 index (on average by 1.10 ±2.58) indi-
cated an improvement in the clinical condition of 
the patients regarding joints (Figure 4 E).

Discussion

The efficacy of adalimumab in the treatment 
of psoriatic arthritis is relatively well understood 
[32]. However, it is quite important to investigate 
the systemic effects of the subcutaneous admin-
istration of adalimumab based on analysis of 
gene expression. Therefore, our study focused on 
the changes in gene expression in the PBMCs of 
patients with psoriatic arthritis who were treated 
with a  pre-dose of adalimumab and the control 
group. In addition, we presented an analysis of the 
clinical effects of administration of a pre-dose to 
patients with psoriatic arthritis in relation to their 
condition before the first dose of the drug.

Given the fact that the etiology of psoriasis 
is not fully understood, any reports that indicate 
the mechanisms that may affect its development 
are of interest. Of particular value are the studies 
that depict the molecular basis of this disease. In 
a study using oligonucleotide microarray technol-
ogy, Chow et al. observed a statistically significant 
change in the expression level of 79 genes in the 
blood. The study suggested that the effects of 
adalimumab were related to immune changes in 
the blood [33]. In addition, this experience permit-
ted the observation of differences in the modula-
tion of different pathways in two systems – in the 

Figure 3. Relationships between genes associated with the process of apoptosis in patients with psoriatic arthritis 
(after overrepresentativity test; STRING database)
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Figure 4. Changes in the patients with psoriatic 
arthritis that were treated with adalimumab: in 
the PASI index (A), BSA [%] (B), OB parameter (C), 
DAS28 index (D), DLQI index (E) before the first 
dose [M1] and prior to the administration of sub-
sequent doses after 3 months of I-monitoring [M0]. 
Box and whisker plots present the mean ± SE and 
SD of the indicator values. Statistical significance: 
*p < 0.05, paired t test

SE – standard error, SD – standard deviation.
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skin and in the blood (PBMCs) – which is certainly 
the substantive value of the study.

We found that anti-TNF therapy has a significant 
influence on the changes in gene expression that 
are associated with T-cell activation markers, which 
is partly consistent with previous studies [34].

Analysis by Dolcino et al. [35] of gene ontolo-
gies in ankylosing spondylitis patients undergoing 
treatment with adalimumab showed that a large 
number of altered transcripts were involved in bi-
ological processes that might play an important 
role in the development of the disease. These find-
ings are consistent with our observations in the 

aspect of biological processes and pathways such 
as the immune response (CD4, IMD17, TNFSF8, 
STAT5B and STAT1), the T-cell receptor signaling 
pathway (IMD18 and LCK), the Jak-Stat signaling 
pathway (STAT1) and transforming growth factor 
beta signaling (TGFβ1).

We observed significant changes in the tran-
scriptional activity of the genes associated with 
the apoptosis process as a result of the analysis of 
the genomic profile of gene expression and classi-
fication according to the functions that were per-
formed. This process plays one of the key roles in 
the course of the disease. In the case of psoriatic 
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arthritis, apoptosis disorder causes the destruction 
of articular cartilage, leading to bone erosion [36].

Many mechanisms lie at the root of this process. 
According to the literature, in the case of psoriasis 
manifested by joint dysfunctions, cytochrome c is 
released into the extracellular space and finally 
into the circulation. Moreover, cytochrome c levels 
in the serum become elevated [37].

In this study, the PANTHER program selected 
other molecular pathways that were involved 
in the course of this disease – particularly the 
chemokine and cytokine signaling pathways and 
activation of B cells and T cells. In the study by 
Goldminz et al. on the effects of two therapeutic 
strategies (methotrexate and adalimumab) on the 
expression of patients’ genes, downregulation of 
helper T-cell-related mRNA expression (metho-
trexate responders and nondrug responders) was 
observed. There were no statistically significant 
changes in expression in the methotrexate re-
sponders compared to those who responded to 
adalimumab (16 weeks of treatment). In addition, 
early reduction in expression of chemokine ligand 
20 was observed in patients who responded to 
adalimumab compared to late downregulation in 
patients who responded to methotrexate [38].

Moreover, our analysis of the STRING database 
showed significant relationships between FAS 
genes and a  group of chemokines, which may 
confirm the scientific reports on the participation 
of these genes in the course of psoriatic arthritis 
[39, 40].

The FAS/FAS ligand system plays a role in the 
apoptosis of immune cells by removing autore-
active lymphocytes by FAS. This system also has 
an impact on the development of comorbidities 
(metabolic syndrome) such as diabetes, over-
weight or hypertension [41]. Inhibition of the FAS 
ligand has been shown to prevent cell apoptosis 
[42]. In psoriasis, there is inflammatory infiltration 
due to T lymphocytes; more than 90% contain the 
CCR10 receptor to which the CCL27 chemokine 
binds. It has also been shown that patients with 
psoriatic dermatitis have an increase in the level 
of the chemokine CXCL8 [43]. Another relation-
ship we observed is between BCL2 family proteins 
and TP53 protein, which is consistent with the ob-
servation of Moorchung et al. [44].

Many new studies have discussed the aspect of 
apoptosis in psoriatic arthritis; however, most of 
the research was carried out on clinical material 
that had been collected from the patients (epider-
mal scales) [45, 46] or on epidermal or skin cell 
cultures [47, 48]. In a study carried out on fibro-
blast cell cultures treated with adalimumab for 2, 
8 and 24 h, statistically significant changes were 
observed in the expression of caspases – protease 
enzymes, which after activation by apoptosis sig-
nals degraded cellular proteins [47].

In the case of psoriasis, the effectiveness of 
a  treatment is indicated by the dermatological 
indexes that reflect the clinical condition of the 
patient. The most commonly used indicators are 
PASI and BSA. In the course of the pilot study of 
patients with psoriatic arthritis who had been 
treated with adalimumab, a  significant improve-
ment in the clinical condition was observed as 
was evidenced by a decrease in the psoriatic le-
sions. This is reflected in the statistically signifi-
cant decrease in the values of PASI (13.42 ±5.18) 
and BSA (%) (24.66 ±15.95).

A  similar trend to our work was noted in the 
Outcome of Psoriatic Patients Switched to Adali-
mumab (OPPSA) study, whose aim was to as-
sess the effect of adalimumab on the remission 
of changes in patients who had previously been 
treated with another biological drug (ustekinum-
ab). Therefore, the PASI values were determined 
at the beginning of the study and after 3, 6, 12, 
24 and 36 months following the administration of 
the drug. There was a decrease in the PASI value 
(15.1 ±6.2, p < 0.001), which is consistent with our 
findings [49].

Statistically significant changes in PASI and 
BSA were also recorded in a study by Tichy et al. 
[50] involving 66 patients who were treated sys-
temically. The patients, who had been divided into 
three groups, underwent various types of treat-
ment, including adalimumab treatment. In this 
group, the PASI index decreased after 12 weeks 
(3 months) on average by 69.8%, while the BSA 
value decreased by 74.4%, which is in line with 
with our results.

Remission of psoriasis in relation to joints us-
ing the DAS28 index has been defined in patients 
with rheumatoid arthritis treated with adalimum-
ab. In a study by Breedveld et al. [51], the remis-
sion of lesions was noted in 25% of the patients 
during the 2-year follow-up period. In the same 
study, remission was recorded in 49% of the pa-
tients as a result of adalimumab and methotrex-
ate therapy.

In addition, after a 2-year follow-up of patients 
undergoing etanercept therapy (an anti-TNF drug), 
remission of symptoms was reported in almost 
30% of patients with rheumatoid arthritis. In this 
case, etanercept and methotrexate therapy result-
ed in remission of lesions in 53.7% of the patients 
[52]. In addition, etanercept has shown normal-
ized properties against inflammation in animal 
studies (rats) [53].

Due to the fact that the clinical condition of pa-
tients with psoriasis is closely related to the apop-
totic process, it can be assumed that even a par-
tial normalization of this process is reflected in 
the improvement of the symptoms. This situation 
is associated with the improvement of epidermal 
cell function, which results in the reduction of 

https://www.diki.pl/slownik-angielskiego?q=articular+cartilage
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psoriatic lesions. Therefore, the drop in the value 
of dermatological indicators that was observed in 
our study after 3 months of treatment with adali-
mumab may be related to the significant changes 
that were observed in gene expression that were 
associated with the process of apoptosis in indi-
vidual groups of patients.

The limitation of our study is the relatively 
small number of the samples, although it should 
be noted that this is a pilot research study. In ad-
dition, we monitored the effects at the individual 
stages of the treatment and included data show-
ing the therapeutic effects after the first stage of 
treatment – that is, after the first monitoring ses-
sion (3 months after the first dose of the biologi-
cal medicine). Already, at this stage, the data pre-
sented constitute a valuable basis for conducting 
additional research aimed at final confirmation 
of the results. The authors of this study have col-
lected data during several years of observations 
of patients undergoing treatment with adalimum-
ab, which will be presented in subsequent studies 
that will comprise a  series of thematic publica-
tions.
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