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immunomodulatory effects on

PBMCs from individuals with
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Introduction: The involvement of endocannabinoid system (ECS) in the
inflammatory cascade, and the ability of phytocannabinoids, endocannabinoids
and their synthetic analogues to modulate it has become an interesting research
area for new therapeutic approaches in inflammatory skin diseases. Cannabidiol
(CBD) appears to be the most promising among phytocannabinoids, due to the
lack of psychotropic effects and low toxicity profile. Its anti-inflammatory action
has been highlighted in different preclinical models, ranging from experimental
colitis to arthritis and neuroinflammation. Our aim was to evaluate CBD immune-
modulatory effects in peripheral blood mononuclear cells (PBMC) of psoriasis
individuals with particular attention to both innate and adaptative immune arms.

Methods: We performed in vitro immune functional experiments to analyze CBD
action on various immune cells active in psoriatic lesions.

Results: The results showed that CBD produced a shift from Thlto Th2 response,
while boosting cytotoxic activity of Natural Killer (NK) cells. Furthermore, it also
exerted a potent action on monocyte differentiation as, after CBD treatment,
monocytes from psoriatic individuals were unable to migrate in response to
inflammatory stimuli and to fully differentiate into mature dendritic cells. Finally, a
M2 skewing of monocyte-derived macrophages by CBD also contributed to the
fine tuning of the magnitude of immune responses.

Conclusions: These data uncover new potential immunomodulatory properties
of this cannabinoid suggesting a possible therapeutic action in the treatment of
multiple inflammatory skin diseases.
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1 Introduction

Psoriasis is a chronic inflammatory disorder of the skin affecting
approximately 1-3% of the population (1). It is characterized by
hyperproliferation of the keratinocytes in the epidermis in regions
such as elbow, scalp, and knee with inflammatory infiltrates,
epidermal hyperplasia, dysregulated differentiation, and
desquamation of keratinocytes (2). The inflammatory infiltrate
consists mainly of dendritic cells, macrophages, and T cells in the
dermis and neutrophils, with some T cells in the epidermis.
Furthermore, psoriatic plaques are dominated by the presence of
Th1 and Th17 lymphocytes, natural killer (NK) cells, and neutrophils
with few B cells. The causes of psoriasis have not yet been fully
clarified, but there are data which suggests that in psoriasis, the
immune system is activated in an unbalanced way. The
immunopathogenesis of psoriasis is complex and not fully
understood due to its complex inflammatory cascade, triggered by
innate immune cells (keratinocytes, dendritic cells, NKT cells,
macrophages) and at the same time, it evolves and is enhanced by
their interaction with adaptive immune cells (T lymphocytes).
Indeed, it is described that the proinflammatory cytokine cascade is
triggered by plasmacytoid dendritic cells (pDC) activated by
complexes of DNA and the antimicrobial peptide cathelicidin (LL-
37), released by injured keratinocytes. Activated dendritic cells
produce numerous cytokines, including IL-12 and IL-23, which in
turn promote the expansion of some particular types of T
lymphocytes called Thl and Thl17. Thl7, fundamental in the
immunopathogenesis of psoriasis, produce cytokines that stimulate
the proliferation of keratinocytes, such as IL-17, or of a pro-
inflammatory nature, such as TNFo. The sequence of these steps
results in the hyperproliferation of keratinocytes, which leads to the
formation of well-demarcated plaques of psoriasis and the creation of
a pro-inflammatory environment. At the end of this process,
keratinocytes produce substances that act on dendritic cells, thus
closing the circuit and causing perpetual self-sustaining
inflammation. The inflammatory cascade promotes angiogenesis
contributing to the migration of immune cells into the lesion. The
cytokines involved activate various intracellular pathways, which act
on the transcription of key messenger genes. For example, cytokines
such as IFN-y, IL-12, IL-22, and IL-23 activate the JAK-STAT (from
Janus Kinases—Signal Transducer and Activator of Transcription
proteins) pathway and TNFoa acts in part activating NF-kB,
transcription factor important for cellular proliferation,
differentiation and apoptosis. The T-lymphocyte and potential
keratinocyte response also is modulated by the intracellular
messenger cyclic adenosine monophosphate (cAMP). It has been
observed that in the pathogenesis of psoriasis cAMP is hydrolyzed by
the enzyme phosphodiesterase 4 (PDE-4) into 5’-antimicrobial
peptide (AMP), reducing inhibition of the NF-xB signaling
pathway by cAMP (3). The endocannabinoid system (ECS) consists
of endocannabinoids, the enzymes responsible for their degradation,
transporters of endocannabinoids and cannabinoid receptors CB1
and CB2. Recent studies have described that endocannabinoid system
is found in keratinocytes and other cellular components such as
fibroblasts, sebaceous glands, hair follicles, and melanocytes (4). It is

Frontiers in Immunology

10.3389/fimmu.2024.1373435

involved in maintaining skin homeostasis, barrier formation and
regeneration, and its dysregulation can contribute to several skin
disorders, as atopic dermatitis, psoriasis, acne, and various cancers
(5). Several studies have described that the endocannabinoid
anandamide (AEA) is able to reduce the levels of various
chemokines (TNFo and IL-23) in keratinocyte cell lines, and of
IL-17 in co-cultures of lymphocytes and keratinocytes. These effects
were prevented by a CB1 receptor antagonist (6). Moreover, CB2,
CB1 and PPARY receptors appear to be the most involved with a
pivotal role in psoriasis. The validity of phytocannabinoids has been
demonstrated in various pre-clinical studies improving symptoms in
psoriatic individuals (7). Phytocannabinoids (PCBs) are the
cannabinoids obtained from the Cannabis sativa L. plant (C.
sativa). One of the main phytocannabinoids is the cannabidiol
(CBD), a non-psychotropic compound which has a low binding
affinity for CB1 and CB2 receptors, but through the modulation of
multiple targets, it regulates several biological activities, as
antioxidant, neuroprotective effects and various inflammatory
signaling pathways (8). Recent studies have demonstrated that
CBD inhibits keratinocyte proliferation and modulates antioxidant
and anti-inflammatory activity in these cells. CBD can decrease the
oxidative capacity of cells, inhibiting the generation of ROS.
Furthermore, it causes an increase in the level of antioxidant
proteins, including superoxide dismutase (SOD), and prevents
oxidative modifications of lipids and proteins that may be
responsible for the development of psoriasis (6). In this ex-vivo
study we have examined the CBD immune-modulatory effects in
peripheral blood mononuclear cells (PBMC) of psoriatic individuals
compared to untreated PBMC. Briefly, CBD was able to significantly
counteract inflammatory signals from LPS and PHA stimuli while
boosting cytotoxic activity of Natural Killer (NK) cells. These
stimulations are used to induce distinct types of immune responses,
namely innate response (with LPS), and lymphocyte proliferation
(with PHA). Furthermore, CBD also exerted a potent action on
monocyte differentiation as, after CBD treatment, monocytes from
psoriatic individuals were unable to migrate in response to
inflammatory stimuli and to fully differentiate into dendritic cells
responsible for tuning the magnitude of immune responses. In
conclusion, the therapeutic potential of CBD for a possible topical
treatment of skin disease, such as psoriasis, is very promising,

2 Materials and methods

2.1 Drugs

Cannabidiol (CBD) was purchased from Sigma-Aldrich
(Sigma-Aldrich; Cat# 90899), dissolved in DMSO (1mM) (Sigma-
Aldrich, Cat#D8418) and added to cell culture at 10uM at different
treatment times depending on the analysis conducted.
Lipopolysaccharide (LPS) was purchased from Sigma-Aldrich
(Sigma-Aldrich; Cat# 1L2630) and used at 1 pg/ml for 24 h in
presence or/and absence of CBD (10uM). Phytohemagglutinin-M
(PHA-M) was purchased from Sigma-Aldrich (Sigma-Aldrich; Cat#
11082132001) and used at 5 pg/ml.
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2.2 Donor cohorts

In this study, a group of n=8 individuals were recruited: n= 4
healthy controls and n = 4 psoriatic individuals. Peripheral blood
(n = 4) from psoriatic individuals and (n= 4) healthy control were
collected at the Outpatients Clinic of the Dermatology Department
of the University of Salerno. Individuals mean age was 25+/-10, out
of which there were 3 males and 1 female, controls were age and sex
matched. Individuals were in at least 1 month wash out from any
systematic treatment at the time of sample collection. Peripheral
blood mononuclear cells (PBMCs) were extracted from whole blood
by Ficoll density gradient (Histopaque®-1077, Sigma-Aldrich).
After separation, PBMC were collected and washed for the
subsequent experiments (monocytes, natural killer cells, dendritic
cells and macrophages isolation). Experiments were conducted in
96-well plates. PBMCs or PBMCs-derived cells (NKs, monocytes)
were seeded at 2%10° cells/mL in RPMI-1640 (Gibco®,
ThermoFisher Scientific) supplemented with 10% (v/v) fetal
serum bovine (FBS, Gibco®, ThermoFisher Scientific), 1% (v/v)
penicillin-streptomycin (Aurogene), 1% (v/v) MEM non-essential
amino acids (MEM NEAA, Gibco®, ThermoFisher Scientific), 1%
(v/v) sodium pyruvate (Aurogene).

All participants signed an informed consent for the
management of personal anamnestic data and blood samples. The
study was approved by the local ethical committee (prot num.
0037908 year 2021) and conducted in accordance with the ethical
principles deriving from the Declaration of Helsinki.

2.3 Natural Killer cells isolation

Peripheral Blood Mononuclear Cells (PBMCs) were extracted
from whole blood by density gradient (Ficoll). After separation,
PBMC were collected and washed for the subsequent experiments.
Natural killer cells were isolated from psoriatic individuals’ and
healthy donors’ PBMCs by immunomagnetic procedure (human
NK Cell Isolation Kit, #130-092-657, Miltenyi Biotec) following the
manufacturer’s protocol. NKs were treated with CBD (10uM) or
with vehicle alone (DMSO 0,1%) in presence or absence of IL-2
stimulus (200IU/ml) and cell suspensions were used for subsequent
flow cytometry analysis.

2.4 In vitro monocyte migration assay

Following PBMCs separation from whole blood using the
methodology described above, CD14+ cells were separated using
specific anti-CD14 micro-beads (CD14 MicroBeads human,
Miltenyi Biotec). Isolated CD14+ monocytes were treated with
CBD (10uM) or with vehicle alone (DMSO 0,1%) for 24 hours.
For chemotaxis assay, 8 um pore size transwell filters were used.
Cell suspensions were placed in the transwell insert, and
chemoattractants (10% FBS/RPMI-1640 supplemented with
Monocyte Chemoattractant Protein-1 (MCP-1, 0,05 pg/mL)
added in the well, incubated at 37°C for 18h to allow migration of
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the cells through the filter into the well. Cells were harvested and
cell number determined using flow cytometry. Cells that had passed
through the filter were harvested, washed, and incubated with 10 pL
of fluorescein isothiocyanate (FITC)-labelled anti-CD14 antibody.

2.5 Generation of monocyte-derived
dendritic cells and Th1/Th2
polarization assay

Following PBMCs separation from whole blood using the
methodology described above, CD14+ cells were separated using
specific anti-CD14 micro-beads (CD14 MicroBeads human,
Miltenyi Biotec). Monocyte-derived dendritic cells were obtained
by culturing CD14+ cells in 10% FBS RPMI 1640, 50 ng/ml GM-
CSF and 1000 U/ml IL-4. After 6-8 days of culture, monocyte-
derived DCs were terminally differentiated by incubation with LPS
at 1 pg/ml (Sigma-Aldrich) for 24 h in presence of CBD (10uM) or
with vehicle alone (DMSO 0,1%). Monocytes-derived DCs were
harvested, to perform subsequent analysis.

2.6 Macrophage generation

CD14+ monocytes were positively selected from healthy
donors’ and psoriatic individuals’ PBMCs by an immunomagnetic
procedure (Miltenyi Biotec). Then, CD14+ cells were induced to
differentiate in M1 or M2 macrophages using reagents included in
the CellXVivo' " Human M1 or M2 Macrophage Differentiation Kit
(R&D system), in presence of CBD (10uM) or with vehicle alone
(DMSO 0,1%).

2.7 CD107a degranulation assay

Activated NK cells were cultured in complete medium at 37°C,
5% CO, with or without K562 cells at 1:1 E:T ratio in the presence
of PE-conjugated CD107a/IgG1 antibody in U-bottom 96well
plates. After 1 h, Brefeldin A (5 pug/ml; Sigma-Aldrich) was added
to cultures for an additional 3 h of incubation. At this time, cells
were collected, washed with PBS with 2% FBS, stained with anti-
CD56 PE-Cy5 (BD Biosciences) and anti-CD3 FITC (BD
Biosciences), and analyzed by flow cytometry.

2.8 Cytokine detection

PBMCs from psoriatic individuals were treated with CBD
(10uM) or with vehicle alone (DMSO 0,1%). 500 UL of cell lysate
was run on each array of the Proteome Profiler Human XL
Cytokine Array Kit (#ARY022B, R&D Systems). Data shown are
from a 15-minute exposure to X-ray film. Profiles of mean spot
pixel density were created using a transmission-mode scanner and
the image analysis software Image]. PBMCs from psoriatic
individuals were treated with CBD (0-10uM) or with vehicle
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alone (DMSO 0,1%), in presence or absence of PHA. PBMCs-
conditioned media TNFo. and IFNY levels were determined using
Human TNFo ELISA Kit (#E-EL-H0109, Elabscience) and Human
IFN-y ELISA Kit (#E-EL-HO0108, Elabscience), respectively,
following the manufacturer’s protocol.

2.9 Cytofluorimetric analysis

Natural killer cells from psoriatic individuals and healthy
donors were stained with mAb against human CD57-FITC,
CD69-PE, CD56-Cyc, CD3-APC, NKG2D, KIR3DL1, CD107a,
CXCR3, CCRS.

Monocytes from psoriatic individuals were stained with mAb
against human CD14, CD16, CD68, CD69, CCR7, CXCR3, CD62L,
CX3CR1, CCR5, CCR2. Mature dendritic cells from psoriatic
individuals were stained with mAb against human CD86, CDla,
CD3, IFNy and IL-4.

Macrophages from psoriatic individuals and healthy donors
were stained with mAb against human CD86, CD14, CD163, CCRS5.

After 30 min incubation at 4°C in the dark, cells were washed,
centrifuged, and resuspended in staining buffer for the flow
cytometry analysis. For each test, cells were analyzed using a
FACSVerse flow cytometer (BD Biosciences).

2.10 BrdU assay

For proliferation analysis, incorporated BrdU was detected by
the BrdU cell proliferation assay (Roche, Basel, Switzerland)
according to the manufacturer’s instructions. HaCaT cells were
seeded in a flat bottom 96-well plates at a density of 5x10> cells/well
in 100ul of culture medium for 24 h. After treatment with CBD
(L.5uM - 40uM) and DMSO as vehicle (0,1%), BrdU was added
(100 uM), and then fixative/denaturing solution was added for
30 min. Anti-BrdU-POD was added for 90’, after being diluted
according to instructions. Cells were then washed, substrate
solution (100 pl/well) was added. Absorbance was measured
using a Synergy HT Microplate Reader (BioTek Instruments Inc.)
at the wavelength of 450nm.

2.11 Statistical analysis

Statistical analysis was performed in all the experiments shown
by using the GraphPad prism 9.0 software for Windows (GraphPad
Software). For each type of assay, obtained data from multiple
experiments are calculated as mean + SD and analyzed for statistical
significance using, for independent groups, or one ANOVA and two
ANOVA followed by Bonferroni correction for multiple
comparisons. p-values *p <0.05, **p <0.01, **p <0.001, ****p<
0,0001 versus control, represented by cells treated with vehicle
(DMSO 0,1%) were considered significant. All experiments were
performed in triplicate and repeated three times.
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3 Results

3.1 CBD impacts on the cytotoxic and
migratory activity of PBMCs from
psoriatic individuals

As immune-mediated disease, the complex pathogenesis of
psoriasis involves the crosstalk among immune cells mainly
through cytokines and mediators that are currently the target of
existing biologic drugs (9). Considering little is known about the
role of CBD in psoriasis-related immunological dysfunction, we
started with assessing the effect of CBD on the cytokine release of
control and CBD-treated PBMCs from psoriatic individuals. Before
proceeding with the experiments, we evaluated the toxicity of CBD.
For this purpose, we used a line of immortalized human
keratinocytes (HaCAt cells) and performed a BrdU incorporation
assay. As can be seen from Supplementary Figure 1, CBD is well
tolerated by keratinocytes but at concentrations higher than 15 uM,
it inhibits DNA synthesis compared to cells treated with vehicle
alone (DMSO 0,1%), showing an ICs; - 20 uM. Therefore, we used a
concentration of 10 uM CBD also used by other investigators to
study the immunomodulatory effect of CBD (10). The results of the
proteome profile array highlighted that CBD at 10 uM leads to the
reduction of TARC, MIP, IL-19, IL-1RA, IFNYy, GM-CSF, ENA-78,
TNFo in psoriatic individuals’ PBMCs, compared to PBMCs
treated with vehicle alone (DMSO 0,1%) (Figure 1A). The
reduced inflammatory burden of CBD-treated psoriatic
individuals’ PBMCs led us to specifically investigate the secretion
levels of two inflammatory cytokine IFNy and TNFo. using a CBD
response curve (0-10 puM). In response to phytohemagglutinin
(PHA) stimulus, we found that only CBD at concentration of 10
UM significantly decreased the release of IFNy and TNFo from
PBMC:s of psoriatic individuals (IFNy: Control: 4400 pg/mL * 1,5,
CBD (10 uM) 215 pg/mL + 0,2; TNFa: Control: 245 pg/mL+ 0,7,
CBD (10 uM) 60 pg/mL + 1,2) (Figure 2). Among PBMCs, the
production of IFNy and TNFa is mainly functionally linked to the
cytolytic and immunoregulatory activity of Natural killer cells.
Thus, we hypothesized a putative involvement of NKs cells as cell
target of the CBD effect described above. To this end, NKs were
isolated from psoriatic individuals’ and/or healthy donors’ total
PBMCs for comparison. To solely characterize the
immunophenotype of NK cells in psoriatic individuals’, under
basal conditions, by applying the FACS gating on CD3-CD56+
NK cells, we firstly found the increase of the early marker of cell
activation CD69 on NK cells from psoriatic individuals treated with
CBD (10 pM) compared to NK cells treated with vehicle alone
(DMSO 0,1%) (CD69: Control: 43% 1,2, CBD (10pM) 72% =+ 3,5),
and an increase of CD57 terminal differentiation marker (CD57:
Control 37% + 1,5, CBD (10uM) 45% = 2) (Figure 3A).
Furthermore, isolated NKs from psoriatic individuals’ and healthy
donors were treated with CBD or with vehicle alone (DMSO 0,1%),
in presence or absence of IL-2, as canonical NK activating stimulus,
and then analyzed by flow cytometry. Overall, we found a) CBD
potentiates the degranulating activity of NK cells from psoriatic
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Cytokine profile analysis of PBMCs from psoriatic individuals. PBMCs not treated (CBD-, DMSO 0,1%) or treated with CBD+ (10uM) for 18 hours. The
intensity of the positive control (reference spot) was considered 100% and the protein expression was expressed as a percentage of the intensity of
the reference spots on the array. Spots related to TARC, MIP, IL-24, IL-19, IL-1RA, IFNy, GM-CSF, ENA-78 are bordered in the representative array
blots on the left and their expression is indicated in the histogram graph on the right.

individuals, but not in healthy donors, by evaluating the CD107a
mobilization assay (Figure 3B); b) CBD did not affect the percentage
of activated NKG2D positive NK cells of psoriatic individuals
(Figure 3C); ¢) CBD significantly downregulates the expression of
the inhibitory receptor KI3DL1 both in healthy and psoriatic
individuals (Figure 3D). Meanwhile, CBD treatment can
upregulate chemokine receptors on NK cells from psoriatic
individuals, in detail CXCR3 and CCR5 receptors known to be
involved in the recruitment and NK cell homing (Figures 4A, B).
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FIGURE 2

Effect of CBD on PBMCs' release of TNFo and IFNy from psoriatic
individuals. Histograms report the levels of IFNy (A) and TNFa (B)
secretion quantified by ELISA assay. Psoriatic individuals’ PBMCs
were treated with CBD (0-10uM) or with vehicle alone (DMSO 0,1%)
for 18h hours in presence or absence of the activation stimulus PHA.
Multiple comparisons statistically significant are indicated (ANOVA;
****p< 0,0001).
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3.2 The migratory ability of psoriatic
individuals’ monocytes is affected by
CBD treatment

Next, we wondered if the CBD effects outlined above was
limited to NK cell compartment or included other cell
components of the innate response arm, e.g. monocytes, usually
recruited to the inflammation sites. Firstly, monocytes were isolated
from psoriatic individuals and were treated with CBD or with
vehicle alone (DMSO 0,1%). Monocytes were characterized by flow
cytometry upon gating cells on CD14+ positive cells. Among the
explored surface markers, CBD did not impact the monocyte
lineage markers (CD16, CD68) nor the cell adhesion molecule
CD62L, CX3CR1, CCR2 but it impacted the early activation
marker CD69 (CD69: Control: 58% * 3,5, CBD (10uM) 26% =+
3,2). Among the chemokine and recruitment receptors, CBD
downregulates selectively the expression of CCR5 (Control: 62%
+ 4,2; CBD (10uM): 8% = 2,2), with no effect on CCR7, CXCR3,
CX3CRI1, CCR2. CCR5 plays an important role for the migration of
the inflammatory monocytes to tissue (11). Thus, considering the
inflammatory status in psoriatic individuals, we moved to evaluate
in vitro the chemotaxis of psoriatic individuals’ monocytes in
response to canonical agents (i.e, MCP) after receiving or not
CBD treatment. As expected, the percentage of migrating
monocytes in response to 10% FBS or MCP stimuli is
significantly reduced by CBD treatment (Figures 5A, B),
confirming what we ascertained through flow cytometry analysis
on monocytes.

3.3 CBD interferes with maturation of DC,
activation of T cell dependent responses
and macrophage polarization

Given that CBD interferes with monocytes migration, we

wondered if CBD treatment in psoriatic condition could impact
on other monocytic function, e.g. their ability to differentiate toward
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CBD affects the degranulating and inhibitory activity of Natural killer cells. Natural killer cells were isolated as indicated in Materials and methods
section. Healthy donors' and psoriatic individuals’ NKs (2¥10%/ml in complete RPMI) were treated with CBD (10uM) or with vehicle alone (DMSO
0,1%) for 18 hours. (A) The panel shows a representative flow cytometry dot plot reporting the CD69 (early activation marker of NKs) expression
on gated CD56 positive cells. Below, bar graph shows the flow cytometry histogram profile of CD69 protein levels at the cell surface of CD56+
NKs. (B-D) The flow cytometry histograms show the mean fluorescence intensity (MFI) of CD107a (marker of NKs degranulation), NKG2D (NK
activator cell receptor) and KIR3DL1 (NK inhibitory cell receptor), respectively, in CD56 positive NK cells, after exposing NKs to CBD (10uM) for
18h hours in presence or absence of IL-2 (2001U/ml). We gated on low side scatter lymphocytes and then used CD3 and CD56 to identify NK
cells (CD56+ CD3-). (ANOVA; *p< 0,05; **p< 0,01; ***p< 0,001).
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FIGURE 4

CBD impacts the expression of chemokine receptors on NK cells. The flow cytometry bar charts show respectively the percentage of (A) CXCR3
positive cells and (B) CCR5 positive cells on gated CD56 positive NK cells, after exposing healthy donors’ and psoriatic individuals’ NK cells,
stimulated for 18h hours in presence or absence of IL-2 (2001U/ml) at a concentration of 2*10/ml in complete RPMI medium. (ANOVA; *p< 0,05;
**p<0,01; ***p< 0,001).
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FIGURE 5

CBD alters monocytes’ migration to MCP-1. Monocytes were isolated as indicated in Materials and methods section. Psoriatic individuals’ monocytes
were treated with CBD (10uM) or with vehicle alone (DMSO 0,1%) for 18 hours. (A) The bar graph shows the flow cytometry histogram profile of
CD16, CD68, CD69, CCR7, CXCR3, CD62L, CX3CR1, CCR5 and CCR2 expression at the cell surface of CD14+ monocytes. Pairwise comparisons
statistically significant are indicated. (B) The histogram shows the percentage of CD14+ monocytes migrating in response to chemotactic stimuli
(monocytes’ migration was observed in free medium with addition of MCP-1 0,05 pg/mL or free medium +10% FBS). (ANOVA; **p<0,01;

***p< 0,001).

both dendritic cells, and macrophages. Monocyte-derived dendritic
cells generated from psoriatic individuals in presence of CBD are
unable to undergo to LPS-induced maturation (Figures 6A, B), as
demonstrated by the downregulation of the surface marker CD86
through flow cytometry analysis (CD86: Control: 28,5% + 5,7; CBD
(10uM) 2% = 3,5). Moreover, in a co-culture T cell and DCs system,
CBD was also able to interfere with T cell polarizing capacity of
monocyte-derived dendritic cells generated in its presence. This is
true considering the reduction of IFNy (Control: 7900 MFI + 1,5,
CBD (10puM) 210 MFI + 0,8) coupled with the slight increase of IL-4
levels (Control: 480 MFI + 0,5, CBD (10uM) 220 MFI + 0,5),
respectively features of Th-1 and Th-2 polarization. Furthermore,
upon selected stimuli, monocytes can polarize into pro-
inflammatory M1-like (CD14+CD86+) or pro-resolutive M2-like
macrophages (CCD163+CCR5+). As shown in Figures 7A, B, in M2
committed monocytes differentiated in presence of CBD, cell

mEC ctr LPS 86-1a-3009 mBE ctr LPS CBD10 86-1a-

surface protein expression of CD163, significantly exceed the
levels induced by classical M-CSF stimulation in M2-like M¢ of
psoriatic individuals but not of healthy controls. At the same way,
cell surface protein expression of CD14 and CD86 in M1 committed
monocytes differentiated in presence of CBD, failed to reach the
levels induced by classical GM-CSF stimulation in M1-like M@ of
psoriatic individuals. Overall, this evidence suggests a pro-resolutive
skewing of the macrophagic response which deserve more attention
in the near future.

4 Discussion

In psoriasis, there is a complex interaction between innate and
adaptive immunity in response to an unidentified trigger.
Numerous studies have described the presence of a considerable
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FIGURE 6

CBD interferes with LPS-induced maturation of DC and activation of T cell dependent responses. (A) Monocyte-derived dendritic cells from psoriatic
individuals were generated in presence of CBD (10uM) or with vehicle alone (DMSO 0,1%) for 7 days and then exposed to LPS maturation for
additional 24h. The bar graph shows the flow cytometry analysis of the maturation surface marker CD86 on CDla positive monocyte-derived
dendritic cells from psoriatic individuals. (B) Monocyte-derived dendritic cells from psoriatic individuals were co-cultured with T cells in presence of
CBD (10uM) or with vehicle alone (DMSO 0,1%). The histogram highlights the release levels of IFNy and IL-4 following 7 days-co-culture. (ANOVA;

*p<0,05, ***p<0,001).
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FIGURE 7

CBD skews monocytes toward M2 pro-resolutive macrophage differentiation. Macrophages were generated from PBMCs of healthy donors and
psoriatic individuals upon 7 days in vitro culture in presence or absence of CBD (10uM). (A) Panel shows the M1 phenotype through the flow
cytometry histogram profiles of CD86 (on the left) and CD14 (on the right) protein levels at the cell surface of recovered macrophages of healthy
donors and psoriatic individuals. (B) Panel shows the M2 phenotype through the flow cytometry histogram profiles of CD163 (on the left) and CCR5
(on the right) protein levels at the cell surface of recovered macrophages of healthy donors and psoriatic individuals. Both bars graph in panel's
reports the mean fluorescence intensity (MFI) values. Data are reported as mean + SD. (ANOVA; *p<0,05).

number of immune cells in psoriatic lesions. Furthermore,
keratinocytes, main constituents of the epidermis, plays a critical
role in the regulation of immune activities in the skin, responding to
antigenic stimuli in a nonspecific manner (12). Therefore, psoriatic
lesions probably develop as an interaction between cells and
mediators derived by the immune system, and by the dermo-
epidermal components (13). In recent years, the possible
therapeutic application of cannabinoids, particularly CBD, for the
treatment of skin pathologies has attracted a lot of interest,
particularly thanks to the demonstrated anti-inflammatory
properties. In fact, several evidence show the modulation of
immunological signalling pathways by CBD. This compound
carries out the anti-inflammatory action through inhibition of
JAK/STAT signalling pathway downregulating immune regulatory
cytokines, such as TNFo and IFNY, fundamental to T cell-mediated
immunity and adaptive immune responses (14). In vitro and ex vivo
studies show that CBD decreases the activity of the nuclear factor-k
B (NF-kB) signalling pathway and of signal transducer and activator
of transcription 1 (STAT1) transcription factor, key player in IFN-
B-dependent proinflammatory processes (15). Moreover, it has
been observed that CBD at 10 uM decreases the production and
release of proinflammatory cytokines, including interleukinl,
interleukin-6, and interferon (IFN)y, from LPS-activated
microglial cells (16). The anti-inflammatory effect of CBD has
been proven in numerous experimental studies and clinical trial,
bringing benefits to individuals suffering from dermatitis (13, 17).
In this study, we evaluated in vitro the CBD immunomodulatory
effect in PBMCs of individuals suffering from psoriasis. Using
protein arrays, we have observed that the secretion profile of
cytokines and growth factors (TARC, MIP, IL-19, IL-1RA, IFNY,
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GM-CSF, ENA-78, TNFo)) was reduced in CBD-treated PBMCs
from affected individuals compared to untreated ones. Indeed, we
further evaluated the secretion levels of two cytokines TNFa, and
IFNYy which, through activation of keratinocytes, drive epidermal
hyperproliferation and production of growth factors and
chemokines, thus enhancing the inflammatory state in psoriatic
lesions (9). We found that CBD, at concentration of 10 UM, reduced
the release of IFNy and TNFo. from PBMC of affected individuals
activated with phytohemagglutinin (PHA). Such inflammatory
cytokines usually regulate the activity of immune cells such as T
cells and monocytes, which are known to be involved in the
pathogenesis of psoriasis. However, we decided to look at Natural
Killer cells response in attempt to try to explore novel responders in
the disease pathogenesis. Indeed, recent findings have demonstrated
that innate immune cells such as innate lymphoid cells, Y0T cells
and Natural Killer cells are activated in psoriasis contributing to the
development of disease. For example, it has been observed in
psoriatic lesions, IFNy and TNFo produced by NK cells are
responsible for keratinocyte activation (18). Moreover, the
Natural Killer cells exhibited lower levels of cytotoxicity (14, 19).
Here, we have showed that the CBD treatment of NK cells isolated
from psoriatic individuals increased the early marker of cell
activation CD69 (Figure 3A). Furthermore, CBD potentiates the
cytotoxic activity of NK cells from psoriatic individuals, but not
from healthy donors, as can be seen from the increased expression
of CD107a degranulating marker (15, 20). From a functional point
of view, while it did not affect the percentage of activated NKG2D
positive NK cells of psoriatic individuals (Figure 3C), CBD
significantly downregulated the expression of the inhibitory
receptor KIR3DL1, both in healthy and psoriatic NK cells
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stimulated by IL-2 (Figure 3D). KIR proteins are believed to play an
important role in regulating the NK immune response and,
particularly KIR3DL1 has been found associated to psoriasis
inflammation (16, 21). The reduction of KIR3DL1 in NK cells of
psoriatic individuals suggests an increase of the NK immune cell
response. To support the hypothesis that the CBD treatment
potentiates the NK cells activity, the upregulation of chemokine
receptors on NK cells from psoriatic individuals has been found; in
detail CXCR3 and CCRS5 receptors known to be involved in
recruitment and NK cell homing (Figures 4A, B). Afterwards, we
have observed that monocytes isolated from PBMC of psoriatic
individuals treated with CBD lost their functional ability to migrate
in response to chemotactic stimuli (i.e. MCP or 10% FBS) compared
to cells treated with vehicle alone (DMSO 0,1%) (Figure 5B).
Indeed, CBD downregulated selectively the expression of CCRS5,
which plays an important role in the migration of the inflammatory
monocytes to tissue (11). More, CBD treatment of monocyte-
derived dendritic cells generated from psoriatic individuals did
not undergo the LPS-induced maturation, as can be seen from
the reduction of the CD86 surface marker. These results are very
interesting because recent research have demonstrated that
monocyte-derived dendritic cells contribute to the perpetuation of
psoriasis, through production of inflammatory cytokines that
elevate the activation of skin T cells (22, 23). Subsequent co-
culture assays between dendritic cells and autologous T
lymphocytes have shown that CBD not only interferes with the
full functional maturation of dendritic cells, in response to
pathogenic stimuli (Lipopolysaccharide), but modulates their
ability to initiate the T lymphocyte response. The DCs generated
in the presence of CBD are in fact able to selectively polarize the
response of the T helper lymphocytes in the Th2 direction, allowing
a better control of the inflammatory process. Furthermore, upon
selected stimuli, monocytes can polarize into pro-inflammatory
Ml-like (CD14+CD86+) or pro-resolutive M2-like macrophages
(CCD163+CCR5+). CBD treatment (Figure 7) increased the yield
of the anti-inflammatory M2 macrophages in psoriatic individuals
but not in healthy control, and contemporary reduced the yield of
pro-inflammatory M1 macrophages, suggesting a pro-resolutive
skewing of the macrophagic response. From studies it emerges
that M1 macrophages contribute to the development of psoriasis,
through production of TNFa. (24). Finally, the characterization by
flow cytometry of the phenotype of macrophages generated in the
presence of CBD has also showed that this cell population is
characterized by a higher expression of receptors/”scavenger”
molecules (CD163+) (Figure 7), suggesting that macrophage
targeting could be useful for removing the products of epidermal
degeneration, with improvement of the psoriatic loop.

These interesting data describe the effect of cannabidiol on the
PBMC of individuals suffering from psoriasis, however the
mechanism through which it carries out its action remains
elusive. Several evidence reveal that CBD has beneficial effects for
a variety of acute and chronic disorders such as autoimmune
diseases, inflammation, tissue repair processes or increased
oxidative damage. In Multiple Sclerosis (MS), CBD in preclinical
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models of MS resulted in a reduction of proinflammatory cytokines
such as IL-17A, IFN-y, TNF-0,, IL-6 and IL-1b and an increase in
anti-inflammatory cytokines such as IL-4, IL-10 and TGF-P. Data
available in the literature do not report any involvement of
receptors such as CB1, CB2, 5-HT1A, TRPV1 or PPARYy in the
CBD-dependent reduction of IL-17 secretion or of CB1, CB2 or
GPR55 in the inhibition of IL-6 secretion. Currently, the molecular
targets involved in the effects of CBD in EAE and possibly MS are
not yet determined (25). In allergic contact dermatitis, CBD reduces
IL-6, TNF-o. and monocyte chemotactic protein-2 (MCP-2) in in
poly-(I:C)-stimulated HaCaT cells, an in vitro model of this
disorder. This effect of CBD is mediated by CB2 and TRPV1
receptors, as the protective effects of CBD are blocked by
antagonists of these receptors (26). CBD can exert its anti-
inflammatory effects through TRPV1, 5-HT1A, PPARY receptors.
Ultimately, CBD can exert its action through different cellular
mechanisms, but precise mechanisms of action remain unclear.
This study represents a characterization of the immunomodulatory
effects of CBD on PBMC of individuals suffering from psoriasis. We
are currently studying the mechanism of action of CBD and which
types of receptors may be involved.

In conclusion, although the sample size is small, the data
obtained are significant and represent preliminary and suggestive
evidence on the modulatory effect of CBD on various immune cells
active in psoriatic lesions. In the future, we will carry out other
experiments to evaluate the topical application of CBD both in mice
and on affected subjects. As already demonstrated for other skin
diseases, such as dermatitis, CBD could represent a valid
therapeutic option in the treatment of this disease.
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