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Psoriasis is associated with increased production of reactive oxygen species which leads to oxidative stress. As
antioxidants can provide protection, the aim of this study was to evaluate the effects of cannabidiol (CBD) on neutrophil
extracellular trap (NET) formation in psoriatic and healthy neutrophils. Important markers of NETosis were measured in
healthy and psoriatic neutrophils after incubation with CBD, lipopolysaccharide (LPS), and LPS + CBD). The percentage
of neutrophils undergoing NETosis and the level of NETosis markers (cfDNA, MPO, elastase) were higher in the
neutrophils and blood plasma of psoriatic patients, compared to controls. After LPS treatment, all of the markers of
NETosis, except elastase, and p47 and citrullinated histones, were increased in samples from healthy subjects and
psoriasis patients. CBD reduced the concentrations of NETosis markers. This led to a reduction in NETosis, which was
more pronounced in psoriatic neutrophils and neutrophils treated with LPS in both psoriatic and healthy participants.
These results suggest that psoriatic patients neutrophils are at a higher risk of NETosis both in vitro and in vivo. CBD
reduces NETosis, mainly in psoriatic neutrophils, possibly due to its antioxidant properties. The anti-NET properties of
CBD suggest the positive effect of CBD in the treatment of autoimmune diseases.
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| 1. Introduction

Psoriasis is the most common autoimmune disease and is usually caused by pathological interactions between
lymphocytes and keratinocytes in the skin epithelium . Cytokines, produced by lymphocytes, mediate these interactions.
Several cytokines are known to be important in psoriasis pathogenesis. Interferon gamma (IFNy) increases the
proliferation of keratinocytes and activates other immune cells @Bl and interleukin-22 (IL-22) is responsible for increased
keratinocyte proliferation B!, Tumor necrosis factor alpha (TNFo) & and interleukin 17 (IL-17) stimulate the production of
chemoattractants in keratinocytes. Chemoattractants (hBD2, S100A9, S100A7, S100A, CCL20) increase migration of
leukocytes into the epithelium resulting in inflammation. Inhibitors of TNFa and IL-17 are used as therapeutics for
psoriasis, demonstrating the importance of these cytokines in pathogenesis €4,

Increased inflammation and the over-proliferation of keratinocytes leads to a characteristic skin change called a psoriatic
plaque. Psoriatic plaques can lead to psychological and sociological problems that have a strongly negative effect on the
patient's quality of life. While often associated as a disease of the skin, psoriasis may cause systemic issues &. The
increased production of cytokines can also over-activate circulating lymphocytes and neutrophils present in the blood !,
It has also been shown that psoriatic granulocytes are characterized by higher production of cytokines and reactive
oxygen species (ROS) when compared to healthy individuals . In neutrophils, the over-production of ROS induced by
NADPH oxidase may lead to a process called NETosis [,

It was previously shown that during NETosis antimicrobial proteins such as myeloperoxidase (MPO), neutrophil elastase,
and cathepsin G are released into the cytoplasm from azurophilic granules within neutrophils and that NETs also contain
them [&. MPO uses superoxides and hydrogen peroxide generated during an oxidative burst to produce hypochlorous
acid and other reactive oxidants. Neutrophil elastase migrates into nucleus, where it degrades proteins that are necessary
to maintain chromatin structure, such as H1 histones, which results in chromatin decondensation 29, At the same time,
other histones (H2A, H3, H4) undergo citrullination by peptidylarginine deiminase 4, and the nuclear membrane disrupts.
When chromatin is released into the cytoplasm, it is attacked by the antimicrobial proteins produced by neutrophils
mentioned above. Finally the cell membrane is disrupted and neutrophil extracellular traps (NETs) are formed 1. These
traps are generated from extracellular DNA associated with antimicrobial proteins originating from neutrophil granules and
take the form of a net. The traps bind and destroy pathogens. This is possible because the bacterial cells adhere to DNA
and the NETSs, in effect, limit their spread. A similar mechanism is observed in other leukocytes, as eosinophils, basophils,
mast cells and monocytes are also able to form NETs 1231114l Enhanced NETosis is often observed in other autoimmune
diseases besides psoriasis including, systemic lupus erythematosus (SLE) and rheumatic arthritis 12131 Since the
formation of extracellular traps results in the release of all molecules and proteins contained within cells, including various



cytokines, NETosis may be a strong inducer of a pro-inflammatory response in autoimmune diseases. For example, in
psoriasis, neutrophils are observed to be the most IL-17 positive skin infiltrating cells, indicating they can be an important
source of this and other cytokines 121,

Since neutrophils, like other leukocytes in psoriasis, are constantly over-activated due to pro-inflammatory conditions, they
may be at greater risk of various processes including NETosis. These cells may be particularly susceptible to NETosis
because psoriasis increases the expression of IL-17, which is a potent activator of NETosis 3. Therefore, modulation of
neutrophil function can be a promising treatment for psoriasis, since current therapies are usually ineffective or induce
serious side effects. The psoriasis antibody therapies are very expensive, so they are used only in the most severe cases.
Therefore, new compounds are being sought, especially of natural origin, as potential drugs in the treatment of psoriasis.

One potential candidate for therapeutic action seems to be cannabidiol (CBD)—a phytocannabinoid found in Cannabis
Sativa L., which has no psychoactive effect, but is an anti-inflammatory and antioxidant compound, and its use has shown
a positive effect on psoriatic skin cells 2817 Since it is known that CBD may reduce neutrophil activity and ROS
production therein R8I jts beneficial effect may be, at least in part, due to the weakening of the skin infiltrating
neutrophils. By preventing the production of ROS, CBD may act as a NETosis inhibitor.

| 2. Results

The results show that the percentage of unstimulated neutrophils undergoing NETosis was greater in the psoriasis
vulgaris cohort than in healthy control subjects (Figure 1). Incubation with LPS, a known activator of NETosis, increased
the number of neutrophils undergoing NETosis in both groups, although the concentration of NETosis was greater in the
psoriasis cohort. Treatment with CBD did not cause significant decrease in the number of NETotic cells compared to
untreated. In contrast, activation of neutrophils with LPS in conjunction with CBD significantly reduced the percentage of
neutrophils undergoing NETosis compared to treatment with LPS alone.
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Figure 1. Percentage of neutrophils from healthy subjects (n = 14) and psoriatic patients (n = 28) undergoing NETosis.
after 1h incubation with lipopolysaccharide (LPS), cannabidiol (CBD) and LPS with cannabidiol. a—statistically significant
difference between neutrophils from patients with psoriasis vulgaris and healthy subjects p < 0.05; x—statistically
significant difference between treated neutrophils (with LPS, CBD, or LPS + CBD) and non-treated (control) cells; p <
0.05; z—statistically significant difference between neutrophils treated with LPS + CBD and treated only with LPS; p <
0.05.

Neutrophils undergoing NETosis show metabolic changes in these cells, assessed by the level of various parameters. The
production of the p47 subunit of prooxidative NADPH oxidase, responsible for the generation of superoxide radicals, is
strongly increased after LPS administration, especially in neutrophils of psoriatic patients (Figure 2). In this case, CBD
appears to enhance p47 production in LPS-treated neutrophils of healthy subjects but does not affect production in
psoriasis neutrophils. In neutrophils treated only with CBD decreases in production of p47 was observed in psoriatic
patients. In summary, the results suggest that CBD may act as an activator of pro-oxidative NADH of neutrophils in
healthy people, but it does not intensify the already existing pro-oxidative conditions in neutrophils from patients with
psoriasis.
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Figure 2. The level of p47 in neutrophils from heathy subjects (n = 4) and psoriatic patients (n = 8) after 1 h incubation
with LPS, cannabidiol and LPS with cannabidiol. a—statistically significant difference between neutrophils from patients
with psoriasis vulgaris and healthy subjects p < 0.05; x—statistically significant difference between treated neutrophils
(with LPS, CBD, or LPS + CBD) and non-treated (control) cells; p < 0.05; z—statistically significant difference between
neutrophils treated with LPS + CBD and treated only with LPS; p < 0.05.

In contrast to p47, MPO is released from the cell during NETosis and is therefore assessed in supernatants rather than
intracellularly (Figure 3). Since MPO is one of the important markers of NETosis, higher concentration in supernatants of
neutrophils obtained from psoriasis patients and in LPS-treated cells suggests an increased NETosis in these groups. On
the other hand, in the case of cells treated with CBD, the MPO level is lower, which may inhibit the generation of
hypochlorous acid and indicate a decrease in NETosis. Additionally, CBD has an anti-NETotic effect in LPS-treated cells.
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Figure 3. Level of myeloperoxidase (MPO) (ng/mL) in supernatants obtained after 1h neutrophils from healthy subjects (n
= 14) and psoriatic patients (n = 28) incubation with LPS, cannabidiol and LPS with cannabidiol. a—statistically significant
difference between neutrophils from psoriasis vulgaris and healthy subjects p < 0.05; x—statistically significant difference
between treated neutrophils (with LPS, CBD, or LPS + CBD) and non-treated (control) cells; p < 0.05; z—statistically
significant difference between neutrophils treated with LPS + CBD and treated only with LPS; p < 0.05.

Changes in the generation or activity of pro-oxidative proteins in NETosis are also accompanied by histone citrullination
(Figure 4). In this case, LPS led to the activation of NETosis, which resulted in increased expression of citrullinated H3-
histones. On the other hand, CBD showed anti-NETotic properties, especially in relation to the psoriatic and LPS-activated
neutrophils.
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Figure 4. Citrullinated H3-histone expression in human neutrophils from heathy subjects (n = 4) and psoriatic patients (n =
8) after 1 h incubation with LPS, cannabidiol and LPS with cannabidiol. a—statistically significant difference between
neutrophils from patients with psoriasis vulgaris and healthy subjects p < 0.05; x—statistically significant difference
between treated neutrophils (with LPS, CBD, or LPS + CBD) and non-treated (control) cells; p < 0.05; z—statistically
significant difference between neutrophils treated with LPS + CBD and treated only with LPS; p < 0.05.



Increased production of neutrophilic elastase is necessary for NETosis and production of elastase was much greater in
neutrophils of patients with psoriasis than in healthy subjects, suggesting increased activation of NETosis. CBD appears
to have an anti-inflammatory effect as it leads to a reduction in the production of elastase in neutrophils of psoriasis
patients. It can therefore be suggested that CBD reduces the effect of LPS on plaque neutrophils (Figure 5).
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Figure 5. Neutrophil elastase expression in human neutrophils from heathy subjects (n = 4) and psoriatic patients (n = 8)
after 1 h incubation with LPS, cannabidiol and LPS with cannabidiol. a—statistically significant difference between
neutrophils from patients with psoriasis vulgaris and healthy subjects p < 0.05; x—statistically significant difference
between treated neutrophils (with LPS, CBD, or LPS + CBD) and non-treated (control) cells; p < 0.05; z—statistically
significant difference between neutrophils treated with LPS + CBD and treated only with LPS; p < 0.05.

Since the action of the described enzymes ultimately leads to the release of the DNA, cfDNA it is one of the most reliable
markers of NETosis. In the present study, an increase in the concentration of cfDNA was observed in supernatants
obtained after incubation of neutrophils from psoriasis patients as well as after incubation of neutrophils with LPS. On the
other hand, CBD leads to a reduction in cfDNA levels, suggesting that the effect of CBD on neutrophils ultimately
decreases NETosis (Figure 6).

Healthy individuals = Psoriatic patients
45 ] ax
.
40 40 .
a
35 35 - %1
- -
30 30 .
M a,x
= = .
25 5 L .
-
20 : 20 g 3
]
] X1 T H E
15 . - 15 = B
T $ : - b
L] L] —_—
10 ] 10 . e .
o L " =
§ -+ 8
5 ’ 5 -
Q o
Control LPS CBD CBD+LPS Contrel LPS CED CBD+LPS

Figure 6. Level of cfDNA (ng/mL) in supernatants obtained after 1h neutrophils, from healthy subjects (n = 14) and
psoriatic patients (n = 28), incubation with LPS, cannabidiol and LPS with cannabidiol. a—statistically significant
difference between neutrophils from patients with psoriasis vulgaris and healthy subjects p < 0.05; x—statistically
significant difference between treated neutrophils (with LPS, CBD, or LPS + CBD) and non-treated (control) cells; p <
0.05; z—statistically significant difference between neutrophils treated with LPS + CBD and treated only with LPS; p <
0.05.

As the intensity of NETosis is dependent on the activity of neutrophils, it may be also dependent on the severity of
psoriasis. Correlations between the Psoriasis Area Severity Index (PASI)—the most important marker used in clinical
practice for the assessment of psoriasis—and in vitro markers of NETosis show that in most cases severity of psoriasis
correlates with disease severity (Figure 7). Moreover, it was observed that correlations are still clear also after
administration of LPS or CBD in case of percent of neutrophils undergoing NETosis and MPO level. On contrary level of
cfDNA correlates with neutrophils stimulated with LPS and LPS + CBD.
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Figure 7. Spearman’s correlation index between PASI and relevant parameters. Blue circle—low correlation (Spearman
correlation below 0.4); Green circle—medium correlation (Spearman correlation index from 0.4 to 0.6); Red circle—high
correlation (Spearman correlation index from 0.6 to 0.8); (A) Percentage of NETotic cells and PASI; (B) MPO level and
PASI; (C) cfDNA and PASI.

As mentioned, both MPO and cfDNA are externalized outside the cells, therefore they can also be measured directly in
blood plasma, and the level of these parameters may indicate the intensification of NETosis. ELISA assays showed that

cfDNA and MPO concentrations are significantly higher in psoriatic patients than healthy subjects, suggesting an increase
in NETosis in these patients (Figure 8).
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Figure 8. Plasma MPO and cfDNA levels in healthy subjects (n = 14) and patients with psoriasis (n = 28). a—statistically
significant difference between neutrophils from patients with psoriasis vulgaris and healthy subjects; p < 0.05.
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