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Abstract
Objectives: As a chronic, recurrent, immunologically mediated systemic disease and a common cause of dermatological problems, psoriasis is often
a subject of scientific research. Skin changes located on the hands can cause difficulties and limitations in the performance of professional activities,
especially manual ones. The main role in pathogenesis is played by immunological factors – improper functioning of the components of the immune
system, among others, T lymphocytes and cytokines like interleukin-12 (IL-12), interleukin-22 (IL-22) and interferon gamma (IFN-γ). Material and
Methods: The obtained tissue and blood were destined for RNA isolation. The RNA was then subjected to a reverse transcription reaction. The relative gene expression level was evaluated by the real-time polymerase chain reaction for IL-12B, IL-22 and IFN-γ genes, and presented as the relative
quantification (RQ) value, relative to the reference gene GAPDH. In addition, a correlation analysis of the expression level of selected genes with
the clinical course of the disease, as assessed by the Psoriasis Area and Severity Index (PASI), the Body Surface Area (BSA) and the Dermatology Life
Quality Index (DLQI) scores was performed. Results: Statistical analysis confirmed a significant increase in RQ values for IL-12B, IL-22 and IFN-γ
in the group of psoriatic patients vs. the control group. A positive correlation was also found between BSA and PASI and RQ for the IL-12B gene.
Conclusions: Increased expression levels of IL-12B, IL-22 and IFN-γ genes in psoriatic skin confirm that selected cytokines play an important role in
the initiation and sustenance of psoriasis. Int J Occup Med Environ Health. 2020;33(5):635–47
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INTRODUCTION
Psoriasis is a chronic, recurrent, genetically conditioned
dermatosis with autoimmune background, associated with
inflammatory-proliferative processes in the skin. It applies
even to 2% of the Caucasian population [1–4]. Skin changes located on the hands can cause difficulties and limita-

tions in the performance of professional activities, especially manual ones. Until now, the cause of this disease, as
well as the mechanisms leading to its development, have
not been fully understood, but some environmental factors, which aggravate or even trigger psoriatic lesions, are
known. The most important are infectious agents (mainly
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streptococci and staphylococci), disturbance of cutaneous
and intestinal microbiom, some drugs (e.g., β-blockers,
nonsteroidal anti-inflammatory drugs, lithium), skin injuries, addictions (tobacco and alcohol intake), unhealthy
diet leading to obesity, and stress [5–7]. Until recently, it
was thought that the major role in psoriasis pathogenesis
was played by T-helper 1 (Th1) lymphocytes stimulated
by interleukin-12 (IL-12) and interferon gamma (IFN-γ).
Recent studies, however, have highlighted the key function of both innate and acquired immune responses with
the dominant effects of T-helper 17 (Th17) lymphocytes
and their associated cytokines, which include interleukin-22 (IL-22), interleukin-17 (IL-17), interleukin-23 (IL23) and tumor necrosis factor alpha (TNF-α).
It is believed that IL-12 acts on naive T lymphocytes and
initiates Th1 response, and IL-23 supports inflammatory
reaction, which is regulated by Th1. The inflammation initiated by Th1 stimulates Th17 activity, supporting the induced
inflammatory reaction [8]; T-helper 22 (Th22) lymphocytes, through IL-22, regulate the function of keratinocytes,
mainly in the process of skin response to infection [9]; and
IL-22 together with TNF-α, by stimulating chemokines and
recruitment of neutrophils, activates metalloproteinases,
which leads to the degradation of connective tissue stroma.
Aim of the study
The aim of the study is to assess the expression level (relative quantification [RQ]) of selected genes: IL-12, IL-22
and IFN-γ in T-regulatory cells in blood and skin biopsies
taken from patients with psoriasis. The results obtained
were correlated with healthy volunteers. All parameters
were compared to the clinical indicators of the activity and
severity of the disease process.
MATERIAL AND METHODS
Clinical features of patients and skin samples
The research covered a group of 30 adults suffering from
plaque psoriasis – 10 women (30%) and 20 men (70%),
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aged 21–81 years (mean age: 53.73±15.74 years). The patients were treated in the Department of Dermatology and
Venereology and/or the Diagnostic and Treatment Center
of Skin Diseases in March 2016–July 2017. After obtaining
written consent forms from the patients, a sample (diameter: 4 mm) was taken from the areas of skin lesions using
the punch-biopsy method, and 10 ml of venous whole
blood was collected for the ethylenediaminetetraacetic
acid (EDTA) anticoagulant. In assessing the severity of
skin lesions, the Psoriasis Area and Severity Index (PASI),
the body surface area (BSA) and the Dermatology Life
Quality Index (DLQI) scores were used.
The first of them, PASI, combines the assessment of
the extent and severity of skin lesions. It determines the percentage of skin affected by psoriatic lesions in 4 areas: head,
upper limbs, trunk and lower limbs. Then, within each location, the morphology of lesions, i.e., erythema and infiltration within them, as well as stratification of the scales in
the range from 0 – “no change” to 4 – “very strong intensity,” is assessed. After proper results multiplication, a value
of 0–72 pts is obtained. The greater the number of points,
the greater the severity of psoriasis [10–14].
The BSA indicator determines the percentage of the body
surface area covered by psoriatic lesions; therefore, its
value ranges 0–100%. When calculating it, the Wallace
rule of nines [10] is used, in which the surface of the head
and each of the upper limbs is 9% of the body surface,
the front and back trunk each 18% (36% total), each lower
limb 18%, and the crotch area 1%. Alternatively, the socalled rule of the hand can be employed, which assumes
that the surface of the patient’s hand (without fingers) corresponds to 1% of the surface of the body.
Finally, DLQI is a questionnaire consisting of 10 questions. Each of the questions concerns the impact of this
dermatological disease on various spheres of the patient’s
life and is rated on a scale of 0–3. A subjective assessment
of the impact of the severity of skin lesions on the patient’s
quality of life concerns the previous week. The maximum

ANALYSIS OF MOLECULAR MARKERS IN PSORIASIS    

ORIGINAL PAPER

number of points reflecting the strongest negative impact
of skin lesions on the patient’s daily life is 30 [10,15].
The control group consisted of 9 healthy people (4 women
and 5 men), aged 33–63 years (mean age: 44.89 years),
without a family history for the presence of psoriasis. Exclusion criteria from participation in the study were pregnancy, lactation and the use of drugs that excessively prolong bleeding time.
This study was conducted in accordance with the principles
of good clinical practice and the principles of the Helsinki Declaration. The protocol of this study was approved
by the Bioethics Committee of the Medical University of
Lodz (resolution No. RNN/15/16/KE of January 9, 2016).

RNA isolation, qualitative
and quantitative RNA evaluation
Isolation of total RNA from T-regulatory cells and skin
homogenates was performed using the mirVana™ miRNA
Isolation Kit (Life Technologies, Carlsbad, USA), according to the manufacturer’s protocol. Qualitative and
quantitative evaluation of the isolated RNA was performed using the spectrophotometric method, by measuring the absorbance with the Eppendorf BioPhotometerTM Plus apparatus (Eppendorf, Hamburg, Germany),
at 260/280 nm wavelengths. Prepared RNA was divided
into portions and frozen at –80°C until the real-time polymerase chain reaction (qPCR) was performed.

Isolation of T-regulatory lymphocytes (CD4/CD25)
from whole blood
In the venous whole blood collected from all patients,
2-stage selection of T-regulatory lymphocytes was performed. The first step was obtaining CD4+ cells using
the RosetteSep®Humane CD4+ T Cell Enrichment Coctail kit (StemCell Technologies, Vancouver, Canada), according to the manufacturer’s protocol. In the second
stage, CD25+ T lymphocytes were selected from enriched CD4+ cells using the EasySep® Human CD25
Positive Selection Cocktail kit (StemCell Technologies,
Vancouver, Canada) and magnetic beads EasySep® Magnetic Nanoparticles (StemCell Technologies, Vancouver,
Canada). The positively selected cells were resuspended
in 1 × PBS and destined for RNA isolation.

Evaluation of gene expression
The reverse transcription (RT) reaction was performed
using the High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Carlsbad, USA), in a volume of 20 μl.
The reaction mixture contained: 10 × RT buffer, 25 × dNTP
Mix (100 mM), 10 × RT Random Primers, MultiScribe™
Reverse Transcriptase, RNase Inhibitor and nuclease-free
water. Overall, 100 ng of total RNA was added to the reaction mixture. The negative control in the RT reaction was
carried out using water instead of RNA. The following RT
reaction conditions were used: 10 min at 25°C, 120 min
at 37°C, 5 min at 85°C, and cooling at 4°C.
Relative gene expression was assessed by qPCR using
a 7900HT Fast Real-Time PCR System device (Applied
Biosystems, Carlsbad, USA). A total reaction volume of
20 μl contained: cDNA (1–100 ng), KAPA PROBE FAST
qPCR Master Mix (2X) ABI Prism™ (Kapa Biosystems
Ltd, London, UK), RNAse-free water and 20 × TaqMan®
Gene Expression Assay for the following genes: IL-12B
(Hs01011518_m1), TNF (Hs99999043_m1), IL-22
(Hs01574154_m1), IFN-γ (Hs00989291_m1) and GAPDH
(Hs99999905_m1) selected as the reference gene in qPCR.
The relative level of expression of the studied genes was
evaluated by the delta-delta CT method (TaqMan Rela-

Homogenization of skin biopsies
Skin samples immediately after excision were placed in
a fixRNA buffer (Eurx, Gdańsk, Poland) and stored at 2–8°C
until use. After the fixRNA buffer was removed, the samples
were divided into smaller parts, 600 μl of lysis buffer was
added, and homogenization was performed using a Pellet
pestle homogenizer (Sigma-Aldrich, Darmstadt, Germany).
Total RNA was isolated from skin homogenates.
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tive Quantification Assay software, Applied Biosystems,
Carlsbad, USA) and presented as the RQ value relative
to the reference gene GAPDH. The calibrator for which
RQ = 1 was the RNA isolated from biological material
from a healthy patient, without skin lesions.
Statistical analysis
The Mann-Whitney U test was used to assess the statistical
dependence between the study groups. Spearman’s rank
correlation coefficient was used to measure the direction
and strength of the relationship for individual variables.
Statistical analysis was performed using the Statistica 13.1
program (StatSoft, Kraków, Poland). For all statistical analyzes, the statistical significance level was p < 0.05. The results (RQ values) are shown as medians.
RESULTS
IL-12B, IL-22 and IFN-γ genes expression
in whole group of patients
The relative expression level of IL-12B, IL-22 and IFN-γ
genes was analyzed in the material derived from T-regulatory lymphocytes (CD4/CD25) as well as from skin sections.
The RQ value of IFN-γ in T-regulatory lymphocytes (CD4/
CD25) for 70% of the samples was increased (RQ >1)
in relation to the calibrator. In the case of IL-12B and

IL-22, the RQ value was under the detection level.
In the skin samples, an increased expression (RQ >1) of
all the examined genes was observed when compared to
the calibrator: for IL-12B in 97% of the samples, while
for IL-22 and IFN-γ in 100% of the samples. The results
indicating median RQ values for the studied genes, and
the number of samples with the decreased/increased expression, are presented in Table 1.
The relative expression level of IL-12B, IL-22, IFN-γ in
the group of psoriatic patients vs. the control group was
compared in the biological material derived from T-regulatory lymphocytes (CD4/CD25) as well as from skin sections. When assessing the level of relative expression in
CD4/CD25, it was shown that the RQ value of IFN-γ was
increased in both psoriatic and control groups (median
RQ: 2.742 and 1.515, respectively). However, the obtained
results were not statistically significant (p = 0.427914,
Mann-Whitney U test). In the case of IL-12B and IL-22,
the RQ value was below the detection level for patients
both with and without a history of psoriasis. Regarding
the biological material derived from skin sections, a statistically significant difference in the relative expression level
of IL-12B, IL-22 and IFN-γ between the group of psoriatic
patients and the control group was observed (p = 0.000107,
p = 0.0000001, p = 0.000001, respectively, Mann-Whitney

Table 1. Gene expression levels (relative quantification [RQ]) assessed by the delta-delta CT method and samples
with either increased or not increased expression levels, compared with the calibrator in psoriatic adult patients
(N = 30), treated in the Department of Dermatology and Venereology and/or the Diagnostic and Treatment Center of Skin Diseases,
Łódź, Poland, in March 2016–July 2017
RQ
skin

Gene
Me

RQ <1
[n (%)]

RQ >1
[n (%)]

Me

RQ <1
[n (%)]

RQ >1
[n (%)]

IL-12B

5.363

1 (3)

29 (97)

u.d.l.

u.d.l.

u.d.l.

IL-22

8.131

0 (0)

30 (100)

u.d.l.

u.d.l.

u.d.l.

IFN-γ

3.810

0 (0)

30 (100)

1.629

9 (30)

21 (70)

u.d.l. – under the detection level.
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U test), with a higher expression of the studied genes in
psoriatic patients (Figure 1).
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The RQ values of genes vs. clinical features
(PASI, BSA, DLQI) of psoriatic patients
In the researched group, PASI values ranged 3.2–25.4
(M = 10.76), BSA values 7.5–61 (M = 26.35), and DLQI
values 0–29 (M = 12.4).
The relative expression level of IL-12B, IL-22, IFN-γ
genes was analyzed depending on the classification of psoriatic patients according to the used scales (PASI, BSA,
DLQI). The authors did not find any significant correlation between the expression level of IFN-γ and the classification of patients (PASI, BSA, DLQI) in CD4/CD25
(p > 0.05, Mann-Whitney U test).
Regarding the biological material derived from skin sections,
positive correlations were found between the RQ values of
IL-12B and PASI (ρ = 0.417725, p = 0.021624, Spearman’s
rank correlation coefficient) and also BSA (ρ = 0.482198,
p = 0.006966, Spearman’s rank correlation coefficient)
(Figure 2). There were no signiﬁcant correlations between
the RQ values of IL-22 and IFN-γ genes and the parameters assessing the severity of psoriasis: PASI, BSA, DLQI
(p > 0.05, Spearman’s rank correlation coefficient).
The analysis of the relative expression level of the studied
genes between 2 groups of psoriatic patients, with PASI
≤10 vs. PASI >10, revealed higher RQ values of IL-12B
and IFN-γ in patients with PASI >10 (4.149 vs. 12.612 and
3.659 vs. 3.810, respectively), while the IL-22 expression
was increased in psoriatic patients with PASI >10 (8.518
vs. 8.022). The results for IL-12B, IL-22, IFN-γ genes were
not statistically significant (p = 0.084527, p = 0.918485,
p = 0.983670, respectively, Mann-Whitney U test).
The relative expression level of the examined genes was
also compared depending on the dissemination of skin
lesions, dividing the group of patients into 2 subgroups:
with BSA ≤20 vs. BSA >20. The RQ values of IL-12B and
IL-22 were higher in the group of patients with BSA >20
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Figure 1. Relative expression levels (median relative
quantification [RQ] values) in psoriatic skin and healthy skin
(controls) for genes: a) IL-12B, b) IL-22, c) IFN-γ
IJOMEH 2020;33(5)
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Figure 3. Relative expression levels (median relative
quantification [RQ] values) of IL-12B in psoriatic patients
with BSA ≤25 vs. BSA >25
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Figure 2. Positive correlation between expression levels
(relative quantification [RQ]) of IL-12B and a) Psoriasis Area
and Severity Index (PASI), b) Body Surface Area (BSA)

(4.122 vs. 9.738 and 7.861 vs. 10.500, respectively), in
contrast to IFN-γ, where in the group of patients with
BSA >20, the RQ value was decreased (5.017 vs. 3.682).
No statistically significant differences were found in relation to BSA (IL-12B p = 0.082209, IL-22 p = 0.090570
and IFN-γ p = 0.745709, Mann-Whitney U test).
Additionally, by dividing the group of patients according
to BSA into 2 subgroups: BSA ≤25 vs. BSA >25, the authors observed a significant increase expression of IL-12B
in the group with BSA >25 (p = 0.010450, Mann-Whitney
U test). The results are presented in Figure 3.
The expression level of IL-22 was slightly increased in
the BSA >25 group (6.893200 vs. 9.311500, respectively)
640
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and almost the same median expression level of IFN-γ in
both groups (3.921100 vs. 3.718600), but without statistical
significance (p = 0.432280 and p = 0.836755, respectively,
Mann-Whitney U test).
By dividing the group of psoriatic patients according to
DLQI into 2 subgroups: DLQI ≤10 vs. DLQI >10, the
authors observed higher RQ values of IL-12B and IL-22
in the group with DLQI >10 (4.275600 vs. 5.569300 and
7.432700 vs. 8.829500, respectively), and almost the same
expression level of IFN-γ in both groups (3.921100 vs.
3.396800). Statistical analysis did not confirm differences
in the RQ levels of IL-12B, IL-22 and IFN-γ depending
on DLQI (p = 0.982760, p = 0.982760 and p = 0.913961,
respectively, Mann-Whitney U test).
DISCUSSION
The etiopathogenesis of psoriasis is not fully elucidated;
however, it is known that the immune and inflammatory
mechanisms are of decisive importance in its pathogenesis. Understanding the molecular basis and the mechanisms of the disease process will not only contribute to
the possibility of expanding the therapeutic offer, but also
enable conducting personalized forms of therapy. In order
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to determine the potential factors regulating the development of psoriasis, the expression levels of IL-12B, IL-22
and IFN-γ genes in the affected skin and peripheral blood
of patients suffering from psoriasis, and in the skin and
blood of healthy persons, were examined.
Generally, IL-12 is a cytokine that is a heterodimer composed of 2 subunits marked as p35 (IL-12α) and p40 (IL12β). However, neither of the 2 subunits has any bioactivity of its own. Only after the co-expression of p35 and
p40, the biologically active p70 heterodimer is formed.
Phagocytes and antigen presenting cells (APCs), such as
dendritic cells, Langerhans cells and B lymphocytes, are
responsible for the production of IL-12 [16,17]. Moreover, T lymphocytes, natural killer (NK) cells, macrophages and dendritic cells are characterized by expression
of the receptor for this interleukin. Recent studies have
indicated that T lymphocytes involved in the pathomechanism of psoriasis belong to Th1 cells, and the cytokines
produced by them, such as IL-12, interleukin-2 (IL-2) and
IFN-γ, are involved in the pathogenetic mechanisms of
this disease [18]. Also, IL-12 has been shown to stimulate
the proliferation of Th1 lymphocytes under both in vitro
and in vivo conditions [19].
Studies by Yawalkar et al. [20], Cheng et al. [21] and
Shaker et al. [22] have shown that the p35 subunit of
IL-12 is easily detectable in all biopsies, both in the skin
of the control group and in the unchanged skin, as well as
in the pathologically changed skin of patients with psoriasis. Omnipresent expression of p35 IL-12 in various cells
has also been confirmed by Trinchieri et al. [23] and Ma
et al. [24]. They concluded that as p35 subunit of IL-12
seems to be ubiquitous, the expression of the p40 subunit
of IL-12 can be thought to be responsible for the increased
production of IL-12. Thus, in presented study, the authors
evaluated only IL-12B.
The statistical analysis showed that the gene expression
level in the group of psoriatic patients, compared to
the group of healthy participants, in the case of IL-12B
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is significantly higher, which indicates the important role
of IL-12β in the development and/or maintenance of psoriatic lesions. Similar relations were found by researchers from the University of Cairo [22] and the University
of Bern [20]. On the other hand, since p35 as an IL-12
specific unit does not increase expression in patients
with psoriasis, one can conclude that IL-12 does not play
such an important role in the pathogenesis of psoriasis.
It should be noted that the p40 subunit, in addition to
being an IL-12 subunit, is also an IL-23 subunit, which
has a particular importance in the etiology of psoriasis.
It is also worth mentioning that there are some biological drugs whose mechanism of action is associated with
blocking p40 subunits. These include ustekinumab –
a human monoclonal antibody that binds to the p40 subunit of IL-12 and IL-23 cytokines, and thus blocks their
interaction with the IL-12Rb1 receptor [25,26].
Due to its high repeatability and reproducibility, PASI is
the most commonly used tool for measuring the severity
of psoriasis. The conducted study revealed a positive correlation between PASI and BSA, and the expression level
of the IL-12B gene. The expression levels of IL-12B were
significantly higher in patients with moderate to severe
psoriasis (with PASI >10) than in those with the mild form
(PASI ≤10) of the disease. Moreover, in all analyzed patients, the higher PASI (>10), the higher IL-12B gene expression was observed. Different results were obtained by
Shaker et al. [22] who found no correlation between IL-12
levels in tissues and the PASI result, suggesting that
IL-12 influences the development of the disease rather
than the severity of skin lesions in the course of psoriasis.
A similar relationship for IL-12B was observed regarding
the spread of lesions. The higher level of expression was
observed in the group of patients with BSA >20 than in
the group with BSA ≤20. However, there was no statistical
significance between the gene expression levels in the analyzed groups. Most likely, this was due to the divergent
number of patients according to the BSA classification:
IJOMEH 2020;33(5)
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10 patients with BSA ≤10 compared to 20 patients with
BSA >20. Interestingly, by changing the scoring of BSA
to ≤25 vs. >25 (17 patients vs. 13 patients), the authors
observed a statistically significant increase in the expression of IL-12B for the group with BSA >25. It should be
emphasized that BSA estimates the extend of psoriasis but
not the severity of the disease, because it does not include
the morphological features of lesions such as infiltration,
erythema and scale [10–12,14].
The level of relative expression in T-regulatory lymphocytes (CD4/CD25) in the case of IL-12B was below
the detection level for both psoriatic patients and
healthy people. This means that these genes are not expressed in CD4/CD25. This is also confirmed by the results of the work by Economidou et al. [27] who found
that the plasma levels of IL-12 in patients with psoriasis
were not significantly higher than those in healthy subjects. However, they showed a statistically significant decrease in the level of IL-12 in the plasma of patients after
6-month treatment with cyclosporine A.
As regards IL-22, it is a pro-inflammatory cytokine produced mainly by activated lymphocytes such as Th22,
Th1, Th17 and NK cells [28–36]. Its function is similar
to IL-17 and TNF. Of note, IL-22 acts through a cellular
surface receptor composed of 2 subunits: IL-22R1 and
interleukin-10 R2 (IL-10R2) [28,37–39]. This receptor
complex for IL-22 (IL-22R) is expressed on tissue cells
but is absent in blood immune cells [29–31,40], thus IL-22
has no effect on the functioning of immune system cells,
both those in retirement and those activated [28,29,41,42].
The target cells for IL-22 are mainly non-hematopoietic
cells, e.g., keratinocytes. Then, IL-22 leads to inhibition
of the final differentiation [28,43–45]. The activation of
CD8+ T cells producing IL-22 in the epidermis causes acanthosis and parakeratosis, which are a histopathological
features of psoriasis. Due to the relatively small number of
cells having the IL-22R1 receptor, and the total absence
of this receptor on cells of the immune system, anti-IL-22
642
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or anti-IL-22R1 drugs might be effective in psoriasis and,
theoretically, their use does not cause the systemic immunosuppressive effect [31].
In the performed study, in the group of patients with psoriasis, a significant increase in the expression of IL-22 in
the psoriatic skin was observed, in comparison to the control group. Similar relationships were found in many other
scientific studies [31,46–49]. In addition, Wolk et al. [31]
observed that the level of IL-22 mRNA in psoriatic
plaques was significantly higher than in the case of IFN-γ
and interleukin-1β (IL-1β). In another research paper by
Wolk et al. [28], the high level of IL-22 expression was
again demonstrated in psoriatic lesions, along with an
elevated expression of IL-22 regulated genes producing
such proteins as S100A7, S100A8, S100A9 (antibacterial
proteins) and MMP1 (extracellular matrix metalloproteinase), which indirectly play a role in the pathogenesis of
psoriasis. After anti-psoriasis therapy, the level of expression for IL-22 and the genes regulated by this cytokine in
the skin lesion samples was reduced. Therefore, the data
suggests that IL-22 plays a role in the development and/or
maintenance of psoriatic lesions.
However, there was no correlation between the level of
IL-22 expression and the PASI or BSA values in all patients, but in the group with moderate and severe psoriasis (PASI >10 and BSA >20), the levels of expression
for IL-22 were statistically higher. This is consistent with
the statements by Hijnen et al. [50] in which the level of
expression of the studied cytokines (IL-22, IFN-γ, IL-13
and IL-17) in the skin biopsies of patients with psoriasis
also did not correlate with PASI.
As in the case of IL-12, IL-22 genes have not been expressed in CD4/CD25 because their expression was
below the detection level, both in the group of people
with psoriasis and in the group of healthy participants.
The results of 2 studies performed by Wolk et al. [28,51]
were different; they observed high concentrations of
IL-22 in the blood plasma of patients with moderate and
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severe psoriasis, and a clear positive correlation with
PASI [28].
The lack of expression of IL-12 and IL-22 genes on CD4/
CD25, and the presence of their expression in the skin,
may confirm their rather local than systemic involvement
in the inflammation process in psoriatic patients.
Interferons are a group of cytokines produced and released in response to the presence of pathogens in
the body. There are 3 types of interferons. The only
representative of type-2 interferons is IFN-γ, which has,
among others, immunostimulatory and immunomodulatory effects [36]. It induces the infiltration of Th1 cells, and
the activation of APCs and endothelial cells [51]. The main
source of this cytokine are T lymphocytes (mainly Th1),
NK cells, NK T cells and activated macrophages in small
amounts [8,36]. It is now believed that a number of inflammatory and autoimmune diseases may be associated with
inadequate IFN-γ expression.
The mutual relationship between IL-12 and IFN-γ should
be emphasized. Generally, IL-12 promotes the secretion
of IFN-γ by T lymphocytes, and in turn IFN-γ induces
the production of IL-12 in dendritic cells and/or macrophages – this is called axis IL-12/Th1/IFN-γ [8]. In addition, IL-12 is essential for the differentiation of Th1
cells, which are the main place of production of IFN-γ [8].
In turn, IFN-γ promotes the differentiation of Th0 lymphocytes (CD4+) into Th1 cells – this is called the positive
feedback loop.
The significant increase in IFN-γ gene expression in
the skin biopsies of patients with psoriasis was confirmed
both in this study and in those carried out by Jiawen
et al. [52]. Other scientists also had similar observations [22,53–54]. In addition, Shaker et al. [22] showed that
the average level of IFN-γ (and IL-12) in the unchanged
skin of people suffering from psoriasis was slightly higher
than in the control group, but without statistical significance, suggesting that IFN-γ plays a direct role in the evolution of psoriatic lesions.
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However, there was no correlation between the expression level of the IFN-γ gene and the parameters assessing the severity of psoriasis, such as PASI and BSA, but
the IFN-γ expression levels were higher in the group with
PASI >10 than in the group with PASI ≤10. The results
of this work are consistent with the results obtained by
Shaker et al. [22] and by Hijnen et al. [50], who also reported no significant effect of the IFN-γ gene expression
in psoriatic tissues on the PASI score. Therefore, it can
be concluded that the cutaneous levels of IFN-γ are not
indicative of the severity of the disease.
By assessing the level of relative expression in T-regulatory
lymphocytes (CD4/CD25), the authors showed that IFN-γ
was expressed in these cells, both in psoriatic patients and
the control group. Overexpression for IFN-γ was observed
in both groups, but without any statistically significant
differences in the expression levels between the groups
for the tested genes. This is probably due to the fact that
IFN-γ is not a specific marker of the inflammatory process
in autoimmune diseases. As a part of the innate immune
system, it is released also as a mediator in response to
pathogens like viruses, parasites, bacteria and tumor
cells [55]. The authors also did not confirm any statistically significant differences in the RQ levels for the studied
genes depending on the classification of patients according to PASI, BSA and DLQI, as opposed to Chodorowska
et al. [56] who showed that the plasma levels of IFN-γ
were increased in patients with high PASI, but without statistical significance.
Generally, DLQI is evaluated to determine the impact of
the skin disease on the quality of life of a patient suffering from psoriasis. In the present study, no statistically significant differences in the expression levels were found for
any of the selected genes for patients with DLQI ≤10 and
DLQI >10, which suggests that these values do not affect
the assessment of the quality of life by psoriatic patients.
So, there are probably other causes of the decreased quality of life and other factors should be looked for, such as
IJOMEH 2020;33(5)
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psychosocial determinants, the socio-economic situation
of the patient, the emotional background or individual
sensitivity.

4. Cardoso PR, Lima EV, Lima MM, Rego MJ, Marques CD,
Pitta Ida R, et al. Clinical and cytokine profile evaluation in
Northeast Brazilian psoriasis plaque-type patients. Eur Cytokine Netw. 2016;27(1):1–5, https://doi.org/10.1684/ecn.2016.

CONCLUSIONS
The cells of the immune system play an important role in
the initiation and persistence of psoriatic lesions through
secreted mediators, but the exact course of the pathogenetic cascade is still not fully clear. Nevertheless, there is no
doubt that IL-12, IL-22 and IFN-γ play an important role
in the etiopathogenesis of psoriasis, both in immune and inflammatory reactions. This is confirmed by a significant increase in the expression levels of these cytokines in the skin
of psoriasis patients. Acting independently and through
IFN-γ, IL-12 seems to play a key role in the induction of
psoriatic lesions, which is reflected in the positive correlation
between this cytokine and the severity of psoriatic lesions as
represented by PASI. The lack or weak correlation between
IL-22 and IFN-γ expression levels and PASI may result from
the fact that this index includes the assessment of the disease
scope – a parameter that appears to be determined also by
factors other than the gene expression level. Further research
will be required to explain in detail the participation of selected cytokines in the etiopathogenesis of psoriasis.
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