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1. Abstract 
Background/Aim: Cytokine-induced killer cells (CIKs) are a heterogeneous 

population of polyclonal T lymphocytes showing a potent anti-tumor activity. 

Cannabinoids have been recently used for the treatment of cancer. In this study, 

CIK cells were tested for cannabinoid receptor CB2 expression and 

downstream signaling. They were also analyzed for neuropiilin (NRP) proteins 

expression which have been proven to play an important role in cancer. 

Moreover, we investigated whether inducing CIK cells with cannabidiol (CBD) 

can enhance their cytotoxicity primarily in pancreatic cancer and myeloma cells. 

Materials and Methods: CIK cells were analyzed by using flow cytometry and 

quantitative real-time polymerase chain reaction for CB2 and Neuropilins 

expression in distinct cell populations. Using multiple methods (flow cytometry, 

immunohistochemistry, laser cell microscopy, cytotoxicity based in vitro 

assays), we addressed the CBD modulation along with CIK cells. Results: Flow 

cytometry analysis revealed remarkable high levels of CB2 expression in 

distinct cell populations of CIK cells on days 7 and 14 of ex vivo expansion 

compared to peripheral blood mononuclear PBMC cells. IL-2 modulates 

primarily the expression of the CB2 receptor on CIK cells. CBD can have a 

protective role for CIK cells, but when used during ex vivo expansion of CIK 

cells inhibits the growth of the NKT population. Downstream signaling phospho-

p38 protein of CB2 was not detected in CIK cells, neither pancreatic cancer via 

flow cytometry. P-CREB was instead detected in CIK cells stimulated with pure 

cannabidiol, showing a difference within the different donors. Confocal 

microscopy experiments showed co-localization of p62 autophagosomal 

protein and CB2 receptors in CIK cells as well as pancreatic cancer cells. CIK 

cells were analyzed at different time points and the presence at low levels of 

NRP2, but not NRP1, was shown for CIK cells. CBD exerts an inhibition of CIK 

cytotoxic function against multiple myeloma (MM) and pancreatic cancer (PC) 

cells at high concentrations. Conclusions: A low dose of non-psychoactive CBD 

is sufficient to stimulate the cytotoxic function of CIK cells primarily in pancreatic 

and myeloma cells and may help to increase the therapeutic response. 

Recognizing NRP2 in CIK cells might help to improve CIK cell cytotoxicity. 
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2. Introduction and aims with references 
The identification of endogenous compounds that bind to cannabinoid receptors 

gave rise to the concept of the endocannabinoid system (ECS) (Devane W.A. 

et al. 1992). It is an ubiquitous lipid signaling system which has important 

regulatory functions and is evolutionarily conserved from plants to mammals. 

The ECS, which includes the cannabinoid receptors, endocannabinoids, and 

their metabolizing enzymes, has been considered as a pharmacological target 

for the treatment of human diseases (Pertwee, R.G. 2009). Preparations from 

the plant Cannabis sativa (marijuana) have been widely used for centuries 

medicinally playing a role in the modulation of neurological and immunological 

functions. Cannabinoids produced by the Cannabis plant, called 

phytocannabinoids, have potential health applications and are known to exert 

palliative effects in cancer patients like the inhibition of chemotherapy-induced 

nausea and vomiting (Mortimer T.L. et al. 2019). Two major phytocannabinoids, 

(-)delta9-tetrahydrocannabinol (THC) and cannabidiol (CBD)  are the most 

researched compounds and bind to cannabinoid receptors. They have been 

used for the treatment of cancer also as antitumor drugs based on their potential 

antitumor activity (Guzmán, M. 2003). In the mid 1960s to the early 1970s they 

were isolated cannabinoids from Cannabis sativa preparations including the 

identification of the main psychoactive constituent THC (Gaoni, Y. and 

Mechoulam, R. 1971). CBD is of particular interest since is not psychoactive 

but has significant relaxing, anti-inflammatory, pain-relieving and 

immunomodulatory properties. It took until 1990 for the first cannabinoid 

receptor to be identified and cloned the cannabinoid receptor CB1 (Matsuda 

L.A. et al., 1990).  So far, the two endogenous cannabinoid-specific receptors 

CB1 and CB2 are the best characterized cannabinoids receptors in the ECS 

from mammalian tissues. They are members of the G-protein coupled receptors 

(GPCR) family and can signal through G-proteins of the G i/0 type. In addition, 

other receptors, including the transient receptor potential vanilloid (TRPV1 and 

2), G-protein coupled receptor GPR55 and the peroxisome proliferator-

activated receptor gamma (PPARgamma) have been proposed to act as 

endocannabinoid receptors (Pertwee, R.G. at al. 2010). Whereas some 
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cannabinoids still interact with CB1 and CB2, they also interact with a large 

range of other targets including transporters, enzymes, cellular structures, 

membranes and ion channels (Watkins, A.R. 2019). The CB1 (encoded by the 

CNR1 gene) is expressed at high levels in the brain and at low levels in the non-

hematopoietic system. CB2 instead (encoded by the CNR2 gene) is primarily 

expressed in cells and tissues of the immune system and is either not 

expressed or at very low levels in the non-hematopoietic cells in the brain 

(Howlett A.C. and Abood M.E. 2017). CBD is known to exert immunomodulatory 

effects through the activation of CB2. After engagement with an agonist ligand, 

CB2 is internalized and desensitized and an inverse agonist is able to reverse 

this process. CBD is an antagonist of CB1 and CB2 receptor agonists, and it 

also acts as an inverse agonist at CB1 and CB2 (Nichols, J.M. and Kaplan, 

B.L.F. 2020). Cytokine-induced killer cells (CIKs) are a heterogeneous 

population of polyclonal T lymphocytes obtained via ex vivo expansion of 

lymphocytes. They share phenotypic and functional characteristics with both, T 

cells and NK cells. Initially described in 1991 (Schmidt-Wolf I.G. et al. 1991), 

CIKs are efficiently expanded in vitro by incubation of peripheral blood 

mononuclear cell PBMCs with the timely addition of IFN-gamma on day 0 of 

culture, anti-CD3 antibody and IL-2 on the next day, followed by the subsequent 

addition of IL-2 during culture. Within the heterogeneous T cell population two 

main subpopulations can be distinguished, one coexpressing the CD3 and 

CD56 molecules (range: 40% to 80%), while the other presenting a CD3+ 

CD56- phenotype (range: 20% to 60%). It also comprises a small subpopulation 

(<10%) of CD3-CD56+ NK cells (Sangiolo, D. et al. 2008). The antitumor 

efficacy of CIKs has been reported to be associated with the CD3+CD56+ 

subset. The addition of IFN-gamma during generation of CIKs activates 

monocytes providing them with a contact-dependent factor CD58 (lymphocyte 

function associated antigen-3 LFA-3) and a soluble factor IL-12. These two 

factors are important for the expansion to CD56-positive T cells and the 

acquisition of T helper 1 phenotype of CIK cells (Lopez, R.D. 2000). CIKs are 

able to secrete TNF-alpha, IL-2 and IL-6 but are not able to secrete IL-4, IL-7 

and IL-12.  The complementary subsequent addition of anti-CD3 acts as a 
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mitogenic stimulus and high doses of IL-2 principally promote the expression of 

the natural killer group 2 member D (NKG2D) transmembrane adapter protein 

DAP10, which in turn is essential for cytolysis (Verneris, M.R. et al. 2004). The 

use of CIKs clinically is widely facilitated by the reproducibility and simplicity of 

the expansion protocol and their significant MHC-independent antitumor 

efficacy against a broad range of cancers. Compared to lymphokine-activated 

killer (LAK) cells which are induced by incubation with interleukin (IL) and tumor-

infiltrating lymphocytes (TILs), CIK cells can be obtained more easily and reveal 

a higher tumor-specific cytotoxic activity. More extensive phenotypic analysis of 

expanded CD3+CD56+ cells showed that the most part are CD8+, but CD4+ 

cells can also be found to a lesser extent within CIKs cultures (Baker, J. et al. 

2001). Other phenotypic characteristics of CIKs are the expression of CD5, 

CD11b and CD57 molecules and the Human Leukocyte Antigen-antigen D 

Related (HLA-DR) an MHC class II cell surface receptor. Unlike classic NKT 

cells, CIKs express a polyclonal TCR repertoire and are also independent from 

CD1 for their expansion. CIK cells have the potential to become key players in 

cancer treatment, therefore it is of importance to understand all genes and 

proteins involved in their mechanism of action. Neuropilins (NRPs) are 130-

140kDa single pass transmembrane, non-tyrosine kinase surface glycoproteins 

expressed on the cell surface of cells of all vertebrate animals. Two homologous 

NRP isoforms are known, namely NRP1 and NRP2 (located on different genes), 

both originally discovered as neuronal adhesion molecules (Rossignol, M. et al. 

2000). Many studies have revealed NRPs to be multifunctional proteins 

involved in a variety of biological processes, with NRP1 having a major role in 

immunity (Chuckran, C.A. 2020). NRP1 was the first to be described in 1987 

and NRP2 was isolated later in 1997 (Chen, H. et al. 1997). They are composed 

by an extracellular domain, a transmembrane stretch, and a short intracellular 

tail. There are two complement binding factors in the extracellular part of NRP, 

two coagulation factor domains and one oligomerization domain. It also has a 

transmembrane and intracellular binding domain. The two most common 

molecules interacting with Neuropilins (NRP) are Class III Semaphorins 

(SEMA3) and Vascular Endothelial Growth factors (VEGF).  The complement 
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binding domains and one of the coagulation binding domains are the site of 

SEMA binding, in contrast the coagulation factor domains are the sites for 

VEGF binding. SEMA3s is a family of molecules acting as repulsive or attractive 

signals for neuronal processes, in a complex with transmembrane receptors 

type-A plexins. NRPs are expressed in endothelial cells, where they interact 

with VEGF family members and some of their tyrosine kinase receptors 

enhancing their signaling cascade and promoting angiogenesis (Soker, S. et al. 

1998). Previous studies have focused on the relation of Neuropilin expression 

on cancer cells finding a pattern that highlights the positive correlation between 

Neuropilin expression in tumour cells and the malignancy of such. Therefore, 

Neuropilin is becoming a protein of increased importance in regards to oncology 

research. Recently, it has also been demonstrated that NRP1 is a T cell memory 

checkpoint limiting long term antitumor immunity with the inhibition of CD8+ T 

cell-mediated tumor immunosurveillance. The aims of the current study were, 

first, to verify the expression of the CB2 receptor on CIK cells at different times 

of ex vivo expansion, and the effect of CBD during CIK cells differentiation and 

on mature CIK cells. Second, to investigate the role of the different cytokines 

used for CIK cells differentiation on the expression of the CB2 receptor and the 

signals of CB2 in CIK cells. Third, to evaluate the effect of CBD on multiple 

myeloma and pancreatic cancer cells, including the effect of CBD on the 

cytotoxic activity of CIK cells against multiple myeloma and pancreatic cancer 

cells. Since Neuropilin has been proven to play a role in up-regulating signals 

involved with key pathways in the cell’s cancerous lifespan, it was considered 

to be of interest to determine whether Neuropilin is present in CIK cells. 

Therefore, the fourth aim of this study was to experimentally determine the 

presence or absence of NRP-1 and NRP-2 in CIK cells. 
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Abstract: Multiple myeloma (MM) is characterized by aberrant bone marrow plasma cell (PC)
proliferation and is one of the most common hematological malignancies. The potential effect of
cannabinoids on the immune system and hematological malignancies has been poorly characterized.
Cannabidiol (CBD) may be used to treat various diseases. CBD is known to exert immunomodulatory
effects through the activation of cannabinoid receptor 2 (CB2), which is expressed in high levels in
the hematopoietic system. Cytokine-induced killer (CIK) cells are a heterogeneous population of
polyclonal T lymphocytes obtained via ex vivo sequential incubation of peripheral blood mononuclear
cells (PBMCs) with interferon-γ (IFN-γ), anti CD3 monoclonal antibody, and IL-2. They are
characterized by the expression of CD3+ and CD56+, which are surface markers common to
T lymphocytes and natural killer (NK) cells. CIK cells are mainly used in hematological patients
who suffer relapse after allogeneic transplantation. Here, we investigated their antitumor effect in
combination with pure cannabidiol in KMS-12 MM cells by lactate dehydrogenase LDH cytotoxicity
assay, CCK-8 assay, and flow cytometry analysis. The surface and intracellular CB2 expressions on
CIK cells and on KMS-12 and U-266 MM cell lines were also detected by flow cytometry. Our findings
confirm that the CB2 receptor is highly expressed on CIK cells as well as on MM cells. CBD was able
to decrease the viability of tumor cells and can have a protective role for CIK cells. It also inhibits
the cytotoxic activity of CIKs against MM at high concentrations, so in view of a clinical perspective,
it has to be considered that the lower concentration of 1 µM can be used in combination with CIK
cells. Further studies will be required to address the mechanism of CBD modulation of CIK cells in
more detail.

Keywords: cannabidiol; adoptive cellular immunotherapy; multiple myeloma; cytokine-induced
killer cells; endocannabinoid system

1. Introduction

The human endocannabinoid system (ECS), which includes the cannabinoid receptors,
endocannabinoids, and their metabolizing enzymes, has been considered as a pharmacological target for
the treatment of various cancer types including multiple myeloma. Two major cannabinoids extracted
from Cannabis sativa plant, called phytocannabinoids, (-)delta9-tetrahydrocannabinol (THC) [1] and
cannabidiol (CBD) [2] which bind to cannabinoid receptors, are the most researched compounds
and have been recently used for the treatment of cancer not only for their palliative effects like the
treatment of pain and inhibition of vomiting associated with chemotherapy but also as antitumor
drugs based on their potential antitumor activity. The best studied two endogenous cannabinoid
receptors are cannabinoid receptor CB1 and CB2. They are members of the G-protein coupled receptors
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(GPCR) family and can signal through G-proteins of the G i/0 type [3]. The CB1 (encoded by the
CNR1 gene) is expressed at high levels in the brain and at low levels in the hematopoietic system.
Instead, the CB2 [4] (encoded by the CNR2 gene) is predominantly expressed in cells and tissues
of the immune system and at low levels in the non-hematopoietic cells in the brain. The gene for
CB2 receptor is located on chromosome 1p36 in humans and contains a single coding exon which is
encoding for a 360-amino-acid-long single polypeptide chain. This comprises seven transmembrane
alpha-helices with an extracellular glycosylated N-terminus and an intracellular C-terminus which
is involved in signal transduction [5]. After engagement with an agonist ligand, CB2 is internalized
and desensitized and an inverse agonist is able to reverse this process. CBD is an antagonist of CB1
and CB2 receptor agonists [6], and it also acts as an inverse agonist at CB1 and CB2. CBD can also
interact with other molecular targets like vanilloid receptors (e.g., the transient receptor potential
vanilloid type-1 and 2 TRPV1-2) [7], G protein-coupled receptor 55 (GPR55) [8], and peroxisome
proliferator-activated receptor gamma (PPARgamma) [9]. It is of particular interest since it is not
psychoactive but has significant relaxing, anti-inflammatory, pain-relieving, and immunomodulatory
properties [10,11]. Current research supports the concept that CB2 is a promising therapeutic target
for immune modulation. Although both hematopoietic and immune systems express high levels of
CB2, the effect of cannabinoids on the immune system and hematological malignancies are poorly
characterized. CB2 is active constitutively only on specific cells populations [12] and is expressed
in high levels in B-cells which are precursors of plasma cells (PCs). Multiple myeloma (MM) is a
PC malignancy and is one of the most common hematological malignancies. It is characterized by
aberrant bone marrow PCs proliferation with excessive monoclonal protein production. It has been
demonstrated that cannabinoids can induce a selective apoptosis in MM cell lines and PCs of MM
patients which was mediated by caspase activation, mainly caspase-2, without harming normal cells
and that blockage of the CB2 inhibited cannabinoid-induced apoptosis [13]. Morelli MB et al. reported
that CBD strongly inhibited growth, arrested cell cycle progression, and induced MM cells death by
regulating the ERK, AKT, and NF-κB pathways with major effects in TRPV2 positive cells [14,15].
It has been previously shown that CB2 signaling in unstimulated human immunocompetent primary
leukocytes (peripheral blood mononuclear cells (PBMCs)) induced the secretion of IL-6 and IL-10 [16].

The use of immune therapy for the treatment of hematological malignancies is an effective
obvious treatment for hematological malignancies, as they are more accessible to effector immune
cells. Cytokine-induced killer (CIK) cells are easily developed ex vivo from PBMCs by adding the
interferon-γ (IFN-γ), anti-CD3 mAb, IL-2, and IL-1β. CIK cells express the T-cell receptor CD3 as
well as the natural killer cell receptor NKG2D (natural killer group 2 member D) that is thought to be
responsible for the specific targeting of tumor cells [17,18]. The addition of IFN-γ during generation of
CIK cells activates monocytes, providing them with a contact-dependent factor CD58 (lymphocyte
function associated antigen-3 (LFA-3)) and a soluble factor IL-12. These two factors are important
for the expansion to CD56-positive T cells and the acquisition of T helper 1 phenotype of CIK cells.
The addition of anti-CD3 acts as a mitogenic stimulus and high doses of IL-2 principally promote the
expression of the natural killer group 2 member D (NKG2D) transmembrane adapter protein DAP10,
which is essential for cytolysis. CIK cells are able to secrete TNF-α, IL-2, and IL-6. The mechanism
of CIK-associated tumor cytotoxicity has not been fully elucidated yet, including the efficiency of
combining CIK and cannabidiol on tumor cells.

2. Results

2.1. CB2 is Detectable by Flow Cytometry on Days 7 and 14 in CIK Cells

Initial studies were performed to assess the differential expression of CB2 receptor in the main cell
subsets of human CIK cells, i.e., CD3+ T lymphocytes (CD4+ and CD8+), CD56+ NK cells. We also
analyzed CD20+ B cells and evaluated for both surface expression and intracellular CB2 expression by
flow cytometry. The CIK cells were immunophenotyped at day 0 by flow cytometry. At day 0, CB2

18
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expression was not detectable in any T lymphocytes subsets and B cells (Figure 1A). When CIK cells
were activated at day 14, the CB2 expression was dramatically upregulated within the natural killer T
(NKT) population CD3+CD56+T cells (Figure 1B) 98.1%. We also immunophenotyped CIK cells on day
7 in order to see at early stage the expression of CB2 receptor in the different populations (Figure 1C).
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Figure 1. (A) The differential expression of CB2 receptor in the main cell subsets of human Cytokine-
induced killer (CIK) cells, i.e., CD3+ T lymphocytes (CD4+ and CD8+), CD3+CD56+ NKT cells, and
CD20+ B-cells. Both surface expression and intracellular CB2 expression were evaluated. The CIK cells
were immunophenotyped at day 0 by flow cytometry. At day 0, CB2 expression was not detectable in
any T lymphocytes subsets (CD3+ T lymphocytes 20.0%, CD3+CD56+ NKT 1.2%). Also, the B cells
subset which was 5.4% did not express any CB2 receptor. (B) The CIK cells were immunophenotyped
at day 14 by flow cytometry. Both surface expression and intracellular CB2 expression were evaluated.
The T lymphocytes subsets were CD3+ T lymphocytes 66.7% and CD3+CD56+ NKT 27.3%. CB2
expression was dramatically upregulated within both CD3+ T lymphocytes (CD4+ and CD8+) 99.3%
and the CD3+CD56+ NKT cells population 98.1%. The B cells subset was only the 0.9%. (C) The CIK
cells were immunophenotyped on day 7 by flow cytometry. Both surface expression and intracellular
CB2 expression were evaluated. The T lymphocytes subsets were CD3+ T lymphocytes 60.8% and
CD3+CD56+ NKT 18.3%. CB2 expression was upregulated within both CD3+ T lymphocytes (CD4+

and CD8+) 99.7% and the CD3+CD56+ NKT cells population 99.4%. The B cells subset was the 21%,
and all were positive for CB2 100%.
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2.2. LDH Release of CIK Cells Significantly Decreases with CBD

The CCK8 assay was used as a direct measure of cell viability in CIKs exposed to various
concentrations of CBD from 1 µM to 20 µM for 24 h. The results did not show any significant difference
compared to the dimethyl sulfoxide (DMSO) control (Figure 2A). However, when the LDH assay was
used as a direct measure of cytotoxicity in CIKs exposed to various concentrations of CBD from 1 µM
to 20 µM for 24 h, the results showed that the LDH release of CIK cells was significantly decreased
compared to the DMSO control (Figure 2B).
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Figure 2. (A) The cell viability in CIKs exposed to various concentrations of Cannabidiol (CBD) for 24 h:
The results of the CCK8 assay did not show any significant difference compared to the DMSO control
(p > 0.05). (B) The cytotoxicity in CIKs exposed to various concentrations of CBD for 24 h: The results
of the LDH assay showed a significant decrease of the LDH release at 10 µM (p ≤ 0.001), 15 µM, and
20 µM (p ≤ 0.01) compared to the DMSO control.

2.3. CB2 is Highly Expressed in Multiple Myeloma Cell Lines

Both surface and intracellular expressions of CB2 in KMS-12 PE and U-266 multiple myeloma cell
lines were detected via flow cytometry analysis. The KMS-12 PE cell line which was established from
the pleural effusion showed a very high level of CB2 receptor expression 98.4% (Figure 3A), and the
U-266 cell line which was reported to produce IL-6 showed a very high level 98.8% (Figure 3B). This is
in accordance with other studies showing the distribution of CB2 in the cells of the immune system
where B lymphocytes express the highest amounts of CB2 followed in order by NK cells, macrophages,
and T lymphocytes.
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Figure 3. (A) Protein expression of the CB2 receptor on KMS-12 PE multiple myeloma cell line: Both
intracellular and surface expressions of CB2 were detected by flow cytometry. The results showed that
98.4% of the cells express CB2 while the corresponding isotype control was 0.7%. (B) Protein expression
of the CB2 receptor on U-266 multiple myeloma cell line: Both intracellular and surface expressions of
CB2 were detected by flow cytometry. The results showed that 98.8% of the cells express CB2 while the
corresponding isotype control was 1.0%.
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2.4. CBD Significantly Increases the LDH Release of KMS Myeloma Cells at High Concentrations

The CCK8 assay was used as a direct measure of cell viability in KMS-12 PE cells exposed to
various concentrations of CBD from 1 µM to 20 µM for 24 h. The results did not show any significant
difference compared to the DMSO control (Figure 4A). However, when the LDH assay was used as
a direct measure of cytotoxicity in KMS-12 PE cells exposed to various concentrations of CBD from
1 µM to 20 µM for 24 h, the results showed that the LDH release of KMS-12 PE cells was significantly
increased compared to the DMSO control (Figure 4B).
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Figure 4. (A) The cell viability in KMS-12 PE cells exposed to various concentrations of CBD for 24 h:
The results of the CCK8 assay did not show any significant difference compared to the DMSO control
(p > 0.5). (B) The cytotoxicity in in KMS-12 PE cells exposed to various concentrations of CBD for 24 h:
The results of the LDH assay showed a significant decrease of the LDH release at 3 µM (p ≤ 0.001) and
10 µM (p < 0.05) compared to the DMSO control. However, the results showed a significant increase at
15 µM (p < 0.05) and 20 µM (p ≤ 0.001) compared to the DMSO control.

2.5. CBD Significantly Decreases the Cytotoxicity of CIK Cells Against KMS Cells at High Concentrations

When finally the effector cells were co-cultured with the target cells (KMS-12 PE) with an
E:T ratio 10:1 and exposed to various concentrations of CBD from 1 µM to 20 µM for 24 h,
a concentration-dependent inhibition response was recorded via flow cytometry analysis (Figure 5A).
Similar results were obtained when the LDH cytotoxicity experiment was used (Figure 5B). We also
reported the absolute number of viable residual CIK cells (CD3+CD56+ NKT cells population) after
treatment with CBD from 1 µM to 20 µM (Figure 5C). The results confirmed that CBD has a protective
role for CIK cells at a concentration of 1 µM.
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Figure 5. (A) The absolute number of dead KMS-12 PE cells was calculated for each sample condition
of co-cultured CIKs and KMS-12 PE cells exposed to various concentrations of CBD for 24 h via flow
cytometry analysis. The results showed a significant decrease of the absolute number of the dead
KMS-12 PE cells at 5 µM (p < 0.05), 10 µM, and 15 µM (p ≤ 0.01) compared to the DMSO control. (B) The
cytotoxicity of the effector CIKs against target KMS-12 PE cells exposed to various concentrations of
CBD for 24 h was analyzed via LDH assay. The results of the LDH assay showed a significant decrease
of the LDH release at 10 µM and 15 µM (p ≤ 0.001) compared to the DMSO control. (C) The absolute
number of alive CIK cells (CD3+CD56+ NKT cells population) was calculated for each sample condition
of co-cultured CIKs and KMS-12 PE cells exposed to various concentrations of CBD for 24 h via flow
cytometry analysis. The results showed a significant decrease of the absolute number of the alive CIK
cells compared to the DMSO control (p ≤ 0.01) and a significant increase of the absolute number of the
alive CIK cells at 1 µM (p < 0.001), 3 µM (p ≤ 0.001), 5 µM (p ≤ 0.001), and 10 µM (p ≤ 0.01) compared to
the DMSO control. There was a significant decrease at 20 µM (p ≤ 0.01).

2.6. CBD Inhibits the Growth of NKT Cells

We performed some studies to assess the differential expression of NKG2D receptor in the main
cell subsets of human CIK cells, i.e., CD3+ T lymphocytes (CD4+ and CD8+) and CD56+ NK cells for
surface NKG2D expression by flow cytometry. CIK cells were differentiated either with DMSO alone,
CBD 10 µM, or untreated. CIK cells were immunophenotyped at day 14 by flow cytometry. The results
showed that CBD 10 µM was able to decrease the percentage of NKT cells compared to the untreated
and DMSO control (Figure 6). However, the percentage of NKG2D-positive NKT cells did not change
between them.
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Figure 6. (A) The differential expression of the natural killer group 2 member D (NKG2D) receptor in
the main cell subsets of human CIK cells, i.e., CD3+ T lymphocytes (CD4+ and CD8+) and CD3+CD56+

NKT cells: The surface NKG2D expression was evaluated. The CIK cells were immunophenotyped
at day 14 by flow cytometry. In the untreated, both T lymphocytes subsets CD3+ T lymphocytes
60.2% and CD3+CD56+ NKT 35.5% showed high expressions of NKG2D receptor 74% and 98.5%,
respectively. (B) In the untreated CBD 10 µM, both T lymphocytes subsets CD3+ T lymphocytes 68.5%
and CD3+CD56+ NKT 26.8% showed high expressions of NKG2D receptor 68.4% and 97%, respectively.
(C) In the DMSO control, both T lymphocytes subsets CD3+ T lymphocytes 62% and CD3+CD56+

NKT 33.3% showed high expressions of NKG2D receptor 69.7% and 97.8%, respectively.

3. Discussion

Endocannabinoids have been reported to affect immune function, and the cannabinoid receptor
that, for the most part, is linked to the modulation of the immune responses is CB2. The factors and
conditions that regulate CB2 expression are still poorly understood, and the signaling cascades are
incomplete. Cannabinoids also have been reported to suppress a variety of activities of T lymphocytes
in a mode that appears to be linked functionally to CB2. The results from a number of studies suggested
that cannabinoids not only exert direct effects on immune cells but also elicit a shift in the cytokine
expression profile from that which is pro-inflammatory (Th1) to one that is anti-inflammatory (Th2).
Cytokine-induced killer (CIK) cells are an heterogenous T cell population capable of exerting a potent
major histocompatibility complex (MHC)-unrestricted cytotoxicity against both hematologic and solid
tumors but not hematopoietic precursors and normal tissues [19]. Within the heterogeneous T cell
population, two main subpopulations can be distinguished, one coexpressing the CD3 and CD56
molecules (range: 40% to 80%) while the other presenting a CD3+ CD56- phenotype (range: 20% to
60%). It also comprises a small subpopulation (<10%) of CD3- CD56+ NK cells [20]. The antitumor
efficacy of CIKs has been reported to be associated with the CD3+CD56+ subset that serves as the
main effector cells combining T cell capability with NK cell function. It has been demonstrated that
cannabinoids can induce a selective apoptosis in MM cell lines and PCs of MM patients which was
mediated by caspase activation and that CIK cells were resistant to Fas-mediated apoptosis that could
be induced by the expression of FasL on cancer cells.

Although the expression and function of CB1 and CB2 receptors has been widely studied in several
immune cells, as yet, no studies have addressed the expression of CB2 on CIK cells. In the attempt to
shed some light on the CIK cells of subsets that could express CB2, we performed polychromatic flow
cytometry that allowed simultaneous interrogation of receptor expression in distinct cell populations.
Such a multiparametric approach revealed remarkable high levels of CB2 expression in KSM-12 PE
and U-266 cell lines in CIK cells on days 7 and 14. Here, we demonstrate that cannabinoid exerts
an inhibition of CIK cytotoxic function against multiple myeloma (MM) cell line KMS-12 PE at high
concentrations. Additionally, this is the first study reporting a detailed characterization of CB2
expression in human mature CIK cells and these two tumor cell lines by using flow cytometry directly.

The results of the LDH cytotoxicity assay showed that CBD can affect the viability of MM cells.
These results confirm the antitumor potential of CBD against MM, which was already reported by
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other studies based on the analysis of apoptosis. However, CBD can be protective regarding CIK cells
since the LDH release was decreasing in a dose-dependent manner. In view of a clinical perspective,
it has to be considered that the lower concentration of 1 µM could be used in the combination with
CIK cells. Further studies will be required to address the mechanisms of the CIK cells whereby CB2
modulates interaction in more detail.

4. Materials and Methods

4.1. Generation of Cytokine-Induced Killer Cells

Peripheral blood mononuclear cells (PBMC) were isolated from blood samples of healthy donors
after obtaining written informed consents, and isolation was carried out on the same day or kept
overnight at 4 ◦C for use on the next day. Blood was mixed with Dulbecco’s phosphate-buffered
saline (DPBS; PAN BIOTECH, Aidenbach, Germany)-ethylenediaminetetracetic acid (EDTA; Life
Technologies, PAA, Cölbe, Germany) (1:250) in a 50-mL falcon tube at a ratio of 1:1 and added to
another falcon tube containing Lymphoprep density gradient medium (Pancoll) (PAN BIOTECH,
Aidenbach, Germany) in order to perform a density gradient centrifugation. The collected PBMC
were washed twice with DPBS-EDTA. Erythrocytes were lysed and washed away with red blood cell
(RBC) lysis buffer (Biolegend, San Diego, CA, USA) and another DPBS-EDTA washing step. The cells
obtained were counted and plated at a density of 1–2 ×x 106 cells/mL in a T-175 flask containing
40 mL of culture medium RPMI 1640 (PAN BIOTECH, Aidenbach, Germany) supplemented with 10%
newborn calf serum (NCS) (Sigma, St. Louis, MO, USA), 1% penicillin and streptomycin P/S (Gibco,
Gaithersburg, MD, USA), and 1 M Hepes (PAN BIOTECH, Aidenbach, Germany). After 2 h, the flask
was changed in order to eliminate the adherent cells and 20 µl of IFN-gamma (ImmunoTools GmbH,
Friesoythe, Germany) was added (2000 U µL−1). On the next day, 100 µL of IL-1β (ImmunoTools
GmbH, Friesoythe, Germany) (40 U µL−1), 2 µL of anti-CD3 antibody (eBioscience, Thermo Fisher
Scientific, Inc. San Diego, CA, USA) (1 mg/mL), as well as 24 µL of IL-2 (ImmunoTools GmbH,
Friesoythe, Germany) (1000 U µL−1) were added to the cells. Every 3 days, half of the medium was
exchanged and 600 U/ mL IL-2 were added. After day 14 of culture, the cells were considered mature
CIK cells.

4.2. Cell Lines and Cell Culture

Multiple myeloma cell line KMS-12 PE and U-266 (obtained from Leibniz Institute DSMZ Deutsche
Sammlung von Mikroorganismen und Zellkulturen) were cultured in RPMI 1640 (PAN BIOTECH,
Aidenbach, Germany) supplemented with 10% newborn calf serum (NCS) (Sigma, St. Louis, MO,
USA) and 1% penicillin and streptomycin P/S (Gibco, Gaithersburg, MD, USA) at 37 ◦C in a humidified
atmosphere with 5% CO2.

4.3. Cell Viability Analysis

Cell viability analysis was performed by a Cell Counting Kit-8 (CCK-8) assay. MM cell lines
and CIK cells were exposed to different concentrations of pure cannabidiol (100%) (Santa Cruz
Biotechnologie, Heidelberg, Germany) from 1 µM to 20 µM for 24 h at 37 ◦C. The effector cells (CIK
cells) were co-cultured with target cells (KMS-12 PE) at effector and target (E:T) ratios of 10:1 and
seeded into flat bottom 96-well plates. Next, 10 µL of CCK-8 reagent (Dojindo, Kumamoto, Japan)
was added to the cells according to the manufacturer’s instructions. They were incubated for 1 h
in the incubator; then, the absorbance was measured at 450 nm using a microplate reader. All the
experiments were performed in triplicates, and the results were normalized. This experiment was
replicated three times with CIK cells from three different donors.
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4.4. LDH Assay

A commercial Pierce™ LDH Cytotoxicity Assay Kit (ThermoFisher, Waltham, MA, USA) was used
according to the manufacturer’s instructions. MM cell lines and CIK cells were exposed to different
concentrations of pure cannabidiol (Santa Cruz Biotechnologie, Heidelberg, Germany) from 1 µM
to 20 µM for 24 h at 37 ◦C. The effector cells (CIK cells) were co-cultured with target cells (KMS-12
PE) at effector and target (E:T) ratios of 10:1 and seeded into 48-well plates. The absorption of the
released LDH was then measured with a microplate reader at 490 nm and 680 nm. At the end of
incubation, 25 µL of each sample was transferred to a 96-well flat bottom plate in different wells,
and 25 µL of the reaction mixture was added to each well. To determine LDH activity, the 680 nm
absorbance value is substracted from the 490 nm absorbance value. All experiments were performed
in triplicates. Experiments were replicated three times with CIK cells from three different donors.
In order to calculate % cytotoxicity, the following equation was applied to the corrected values:

% citotoxicity =
Experimental value− Effector Cells Spontaneous Control− Target Cells Spontaneous Control

Target Cells Maximum Control− Target Cells Spontaneous Control
× 100

To calculate % cytotoxicity of CBD on CIK cells or tumor cells, the following equation was applied
to the corrected values:

% citotoxicity =
Compound− treated LDH activity− Spontaneous LDH activity

Maximum LDH activity− Spontaneous LDH activity
× 100

4.5. Fluorescence-Activated Cell Sorting (FACS) Analysis

The following antihuman antibodies were used to stain cell surface markers to establish
the CIK phenotype: CD3-fluorescein isothiocyanate (FITC) (Biolegend, San Diego, CA, USA),
CD56-phycoerythrin (PE) (Biolegend, San Diego, CA, USA), CD4-allophycocyanin (APC) (Biolegend),
CD8-Brilliant Violet 421(BV421) (Biolegend, San Diego, CA, USA), CD3-phycoerythrin (PE) (Biolegend,
San Diego, CA, USA), CD56-allophycocyanin (APC) (Biolegend, San Diego, CA, USA), CD20-Pacific
Blue (Biolegend, San Diego, CA, USA), and FITC-NKG2D (Biolegend, San Diego, CA, USA). For surface
and intracellular CB2 receptor staining, CIK cells and tumor cells were fixed and permeabilized
with Invitrogen Intracelluar Fix & Perm set kit (ThermoFisher, Waltham, MA, USA) according to
the manufacturer’s instructions. The cells were stained with a FITC-conjugated antibody against
CB2 (Cayman Chemical, Michigan, USA) and an anti-rabbit IgG FITC-conjugated anti-CB2 antibody
(Cayman Chemical, Michigan, USA). Zombie Aqua™ Fixable Viability Kit (Biolegend, San Diego,
CA, USA) permeant to cells with compromised membranes was used to stain the dead CIK cells
and 7-Aminoactinomycin D (7-AAD) (Biolegend, San Diego, CA, USA) to stain the dead tumor
cells. To assess the cytotoxicity of CIK cells in combination with pure cannabidiol (Santa Cruz
Biotechnologie, Heidelberg, Germany) on multiple cell lines, the carboxyfluorescein succinimidyl
ester (CFSE; ThermoFisher, Waltham, MA, USA)-labeled multiple myeloma cells were incubated
along with Far Red (ThermoFisher, Waltham, MA, USA.)-labeled CIK cells in an E:T ratio of 10:1 and
exposed to different concentrations of pure cannabidiol from 1 µM to 20 µM for 24 hours at 37 ◦C.
Pure cannabidiol was first solved in DMSO and afterwards diluted within the corresponding RPMI
medium (PAN BIOTECH, Aidenbach, Germany). The cell suspensions the were washed with DPBS
(PAN BIOTECH, Aidenbach, Germany) twice. Finally, the dead cells were stained with Hoechst 33258
(Cayman Chemical, Michigan, USA) and Precision Count Beads™ (Biolegend, San Diego, CA, USA)
were added.
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Abstract: Despite numerous studies conducted over the past decade, the exact role of the cannabinoid
system in cancer development remains unclear. Though research has focused on two cannabinoid
receptors (CB1, CB2) activated by most cannabinoids, CB2 holds greater attention due to its expression
in cells of the immune system. In particular, cytokine-induced killer cells (CIKs), which are pivotal
cytotoxic immunological effector cells, express a high-level of CB2 receptors. Herein, we sought to
investigate whether inducing CIK cells with cannabidiol can enhance their cytotoxicity and if there
are any possible counter effects in its downstream cascade of phosphorylated p38 and CREB using
a pancreatic ductal adenocarcinoma cell line (PANC-1). Our results showed that IL-2 modulates
primarily the expression of the CB2 receptor on CIK cells used during ex vivo CIK expansion. The
autophagosomal-associated scaffold protein p62 was found to co-localize with CB2 receptors in
CIK cells and the PANC-1 cell line. CIK cells showed a low level of intracellular phospho-p38
and, when stimulated with cannabidiol (CBD), a donor specific variability in phospho-CREB. CBD
significantly decreases the viability of PANC-1 cells presumably by increasing the cytotoxicity of CIK
cells. Taken together, in our preclinical in vitro study, we propose that a low effective dose of CBD is
sufficient to stimulate the cytotoxic function of CIK without exerting any associated mediator. Thus,
the combinatorial approach of non-psychactive CBD and CIK cells appears to be safe and can be
considered for a clinical perspective in pancreatic cancer.

Keywords: cytokine-induced killer cells; cannabidiol; pancreatic cancer

1. Introduction

Cancer is a heterogeneous disease where multiple overlapping molecular pathways
are involved [1]. In fact, the combinatorial role of various inhibitors/compounds is con-
stantly being explored along with several therapeutic approaches in order to overcome
the impact of this disease. In this scenario, the pivotal role of cytokine-Induced killer
(CIK) cells as a cellular antitumor therapy cannot be ignored. CIK cells share phenotypic
and functional properties of both T cells and NK cells, and are easily expandable to test
in culture. Moreover, CIK therapy has been proven effective and safe in the treatment
of various cancers and recently celebrated 30 years of successful implementation [2]. To
mention, CIK cells display encouraging synergistic effects when combined with cancer
associated inhibitors/blockades [3,4]. Since cannabinoid receptors have been the subject of
intensive cancer research [5,6], in particular, cannabinoid receptor 2 (CB2) holds greater
attention due to its expression in cells of the immune system where CIK cells also play an
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important role. To mention, recently, we have also shown that CIK cells express high levels
of CB2 receptor compared to PBMCs [7].

Specifically, in pancreatic cancer (PC), where several clinical trials based on CIK cell
therapy have yielded encouraging results [8,9], cannabinoids have also been reported to
inhibit pancreatic cancer cell growth in vitro and in vivo through various mechanisms [10].
PC as a fatal illness is usually recognized late in the metastatic stage, primarily due to
the anatomic localization of the pancreas and the nonspecific nature of the symptoms.
Despite all clinical and molecular advances [11–13], PC still harbors a very poor prognosis
and high mortality rate [14]; therefore, it is of prime interest to set up new strategies.
Previously, synthetic cannabinoid derivatives have been shown to induce cell death in
pancreatic MIA PaCa-2 cells via a receptor-independent mechanism [15]. Moreover, human
PC cell lines and tumor biopsies have been shown to express higher levels of cannabinoid
receptors compared to normal pancreatic tissue [16]. The same study also demonstrated
that cannabinoids lead to apoptosis of pancreatic tumor cells via a CB2 receptor and de
novo synthesized ceramide-dependent up-regulation of p8 and the endoplasmic reticulum
stress–related genes ATF-4 and TRB3. Interestingly, the scaffold/phagosomal protein
p62/SQSTM1 has recently been identified as part of the CB2 receptor interactome in
transfected HEK293 cells [17]. Likewise, an independent interesting study demonstrated
that CB2 induces the phosphorylation of p38 MAPKs, downstream CREB phosphorylation
and induction of IL-6, IL-10 cytokine secretion in human primary leukocytes [18]. It is
noteworthy that the exact mode of action of these cannabinoid receptors is unclear, despite
being involved in immune system like CIK cells, their possible crosstalk and underlying
mechanisms remain unexplored.

Considering this, herein, we sought to investigate whether inducing CIK cells with
cannabidiol can enhance their cytotoxicity. While we focused primarily on PC in this
study, we also used myeloma cells as a proof of concept. Using multiple methods (Flow
cytometry, immunohistochemistry, laser cell microscopy, cytotoxicity based in vitro assays),
we address the cannabidiol modulation along with CIK cells.

2. Materials and Methods
2.1. Generation of Cytokine-Induced Killer Cells

Peripheral blood mononuclear cells (PBMCs) were isolated from blood samples of
healthy donors after obtaining the approval of the ethics committee of the University
Hospital Bonn, including a signed informed consent from the volunteers. The isolation
was carried out on the same day or kept overnight at 4 ◦C for further use on the next
day. Briefly, the blood was mixed with Dulbecco’s phosphate-buffered saline (DPBS; PAN
BIOTECH, Aidenbach, Germany)-ethylenediaminetetracetic acid (EDTA; Life Technologies,
PAA, Cölbe, Germany) (1:250) in a 50 mL falcon tube at a ratio of 1:1 and then transferred
to another falcon tube containing Lymphoprep density gradient medium (Pancoll) (PAN
BIOTECH, Aidenbach, Germany) in order to perform a gradient density centrifugation.
The collected PBMC were washed twice with DPBS-EDTA. Erythrocytes were lysed and
washed away with red blood cell (RBC) lysis buffer (Biolegend, San Diego, CA, USA) and
subsequently washed with DPBS-EDTA. The cells obtained were then seeded at a density
of 1–2 × 106 cells/mL in a T-175 flask containing 40 mL of culture medium RPMI 1640
(PAN BIOTECH, Aidenbach, Germany) supplemented with 10% newborn calf serum (NCS)
(Sigma, St. Louis, MO, USA), 1% penicillin and streptomycin P/S (Gibco, Gaithersburg,
MD, USA), and 1 M Hepes (PAN BIOTECH, Aidenbach, Germany). The generation of CIK
cells was primed by adding 20 µL of IFN-γ (ImmunoTools GmbH, Friesoythe) (2000 U/µL)
on day 0. On the next day, 100 µL of IL-1 (ImmunoTools GmbH, Friesoythe, Germany)
(40 U/µL), 2 µL of anti-CD3 antibody (eBioscience, Thermo Fisher Scientific, Inc., San
Diego, CA, USA) (1 mg/mL), as well as 24 µL of IL-2 (ImmunoTools GmbH, Friesoythe,
Germany) (1000 U/µL) or IL-15 (40 ng/mL) (ImmunoTools GmbH, Friesoythe, Germany)
were added into the cells. Every third day, half of the medium was exchanged and 600
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U/mL IL-2 or IL-15 (40 ng/mL) were added. The CIK cells were expanded for 14 days ex
vivo and used for co-culturing experiments.

2.2. Cell Line and Cell Culture

In the current study, we utilized two cell lines, one sourced from pancreatic cancer
(Pancreatic ductal adenocarcinoma cell line: PANC-1) and another from multiple myeloma
(U-266), both obtained from Leibniz Institute DSMZ Deutsche Sammlung von Mikroor-
ganismen und Zellkulturen. Both cell lines were cultured in RPMI 1640 (PAN BIOTECH,
Aidenbach, Germany) supplemented with 10% newborn calf serum (NCS) (Sigma, St.
Louis, MO, USA) and 1% penicillin and streptomycin P/S (Gibco, Gaithersburg, MD, USA)
at 37 ◦C in a humidified atmosphere with 5% CO2.

2.3. Cytotoxicity Assay Based on CCK-8

After co-culture with CIK cells for 24 h, the cells’ viability of PANC-1, U-266 tumor
cell lines and CIK cells exposed to different concentrations (1–20 µM, at 37 ◦C) of pure
cannabidiol (CBD 100%) (Santa Cruz Biotechnologie, Heidelberg, Germany) was deter-
mined by CCK-8 based method. Briefly, the effector cells (CIK cells) were co-cultured with
target cells (PANC-1, U-266) at the effector to target (E:T) ratios of 10:1 and seeded into flat
bottom 96-well plates. Next, 10 µL of CCK-8 reagent (Dojindo, Kumamoto, Japan) were
added in each well, according to the manufacturer’s instructions. After incubation for 1 h,
the absorbance of each well was measured at 450 nm using a microplate reader. All the
experiments were performed in triplicates. This particular experiment was replicated three
times with CIK cells from three different donors.

2.4. LDH Assay

A commercial CyQUANT LDH Cytotoxicity Assay Kit (ThermoFisher, Waltham, MA,
USA) was used, according to the manufacturer’s instructions. Here again, PANC-1, U-266
cell lines and CIK cells were exposed to different concentrations (1–20 µM, 24 h at 37 ◦C) of
pure cannabidiol (CBD) (Santa Cruz Biotechnologie, Heidelberg, Germany). The effector
cells (CIK cells) were co-cultured with target cells (PANC-1, U-266) at the effector to target
(E:T) ratios of 10:1 and seeded into 48-well plates. At the end of incubation, 25 µL of each
sample were transferred to a 96-well flat bottom plate and 25 µL of the reaction mixture
were added. The absorption of the released LDH was then measured using a microplate
reader at 490 nm and 680 nm. To determine LDH activity, the 680 nm absorbance value
was subtracted from the 490 nm absorbance value. All experiments were performed in
triplicates and replicated three times with CIK cells from three different donors. To calculate
the % cytotoxicity, the following equation was applied to the corrected values:

%cytotox. =
Experimental value − Effector Cells Spontaneous Control − Target Cells Spontaneous Control

Target Cells Maximum Control − Target Cells Spontaneous Control
× 100

To calculate the % cytotoxicity of CBD on tumor cells, the following equation was
applied to the corrected values:

%cytotox. =
Compound − treated LDH activity − Spontaneous LDH activty

Maximum LDH activty − Spontaneous LDH activty
× 100

2.5. Immunocytochemistry

PANC-1 and CIK cells were plated on poly-L-Lysine (Sigma, St. Louis, MO, USA)
coated glass cover slips with their respective cell culture medium. After 2 h incubation at
37 ◦C, cells were washed with DPBS (PAN BIOTECH, Aidenbach, Germany) and stained
with the lectin WGA conjugated with Texas red (1:200) (Thermo Fisher, Waltham, MA,
USA). After washing, the cells were permeabilized with 4% PFA (Sigma, St. Louis, MO,
USA) for 10 min at RT followed by an incubation with primary antibodies for CB2 (1:300)
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(Abnova, Taipei, Taiwan) and p62 (1:300) (Sigma, St. Louis, MO, USA), for 20 min at RT in
DPBS (PAN BIOTECH, Aidenbach, Germany). Next, secondary antibodies (1:2000) were
incubated for 1 h at RT, and cells were then washed and mounted with DAPI (1:5000)
(ThermoFisher, Waltham, MA, USA).

2.6. Imaging and 3D Reconstruction Modeling

Four colors confocal images were acquired from a confocal laser scan microscope (Leica
TCS SP8). As excitation, four laser lines, 405, 488, 561, and 633 nm were primarily employed
and, for the excitation and detection of the fluorescent signal, a 63xNA objective lens was
used. The fluorescent signal was directed to a HyD after being spectrally separated. All
the post-processing analysis and evaluation for images were performed using the software
Imaris. A segmentation algorithm was used to isolate a structure of the CB2 co-localization
with p62. Segmented images were than displayed and image snapshots were taken.

2.7. Fluorescence-Activated Cell Sorting (FACS) Analysis

The following antihuman antibodies were used to stain cell surface markers to establish
the CIK phenotype: CD3-fluorescein isothiocyanate (FITC) (Biolegend, San Diego, CA,
USA), CD56-phycoerythrin (PE) (Biolegend, San Diego, CA, USA), CD4-allophycocyanin
(APC) (Biolegend), CD8-Brilliant Violet 421(BV421) (Biolegend, San Diego, CA, USA),
CD3-phycoerythrin (PE) (Biolegend, San Diego, CA, USA), CD56-allophycocyanin (APC)
(Biolegend, San Diego, CA, USA), and CD20-Pacific Blue (Biolegend, San Diego, CA, USA).
For the surface and intracellular CB2 receptor staining, CIK cells and tumor cells were
fixed and permeabilized with Invitrogen Intracelluar Fix & Perm set kit (ThermoFisher,
Waltham, MA, USA), according to the manufacturer’s instructions. The cells were then
stained with a FITC-conjugated antibody against CB2 (Cayman Chemical, City, MI, USA)
and anti-rabbit IgG FITC-conjugated anti-CB2 antibody (Cayman Chemical, City, MI, USA).
For intracellular p-38 and p62 proteins staining, cells were stained with a PE-conjugated
antibody against p-38 MAPKs (ThermoFisher, Waltham, MA, USA) and AlexaFluor488-
conjugated antibody against p62/SQSTM1 (JSR Life Sciences, Sunnyvale, CA, USA). 7-
Aminoactinomycin D (7-AAD) (Biolegend, San Diego, CA, USA) was used to stain the dead
tumor cells. To assess the cytotoxicity of CIK cells in combination with pure cannabidiol
(Santa Cruz Biotechnologie, Heidelberg, Germany) in cell lines, the carboxyfluorescein
succinimidyl ester (CFSE; ThermoFisher, Waltham, MA, USA)-labeled multiple pancreatic
and multiple myeloma cancer cells were incubated along with Far Red (ThermoFisher,
Waltham, MA, USA.)-labeled CIK cells in an E:T ratio of 10:1 and exposed to different
concentrations (1–20 µM, 24 h at 37 ◦C) of pure cannabidiol (CBD). Pure cannabidiol was
first solved in DMSO and afterwards diluted within the corresponding RPMI medium
(PAN BIOTECH, Aidenbach, Germany). The cell suspensions were washed with DPBS
(PAN BIOTECH, Aidenbach, Germany) twice. Finally, the dead cells were stained with
Hoechst 33258 (Cayman Chemical, City, MI, USA) and Precision Count Beads (Biolegend,
San Diego, CA, USA) were added.

2.8. CREB Phosphorylation Assay (p-CREB)

CIK cells at 14 days of culture were pelleted by centrifugation for 5 min at 1500 rpm,
resuspended in cell culture medium and seeded at 1 × 107 cells/mL (200 µL of cells per
well) in 96-well tissue culture treated plates. Plates were incubated at 37 ◦C in a humidified
atmosphere with 5% CO2 for 2 h and incubated 30 min prior to adding of pure cannabidiol
(CBD, 100%) (Santa Cruz Biotechnologie, Heidelberg, Germany) from 1 µM to 20 µM. At
the end of the incubation, cells were lysed by the addition of lysis buffer on a plate shaker
for 10 min at RT. p-CREB detection was performed using the AlphaLISA SureFire Ultra
p-CREB (ser133) assay kit (PerkinElmer, Waltham, MA, USA). The signal was detected on a
SpectraMax plate reader with AlphaLISA-compatible filters.
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3. Results
3.1. IL-2 Primarily Determines the Expression of CB2 Receptor on CIK Cells

CIK cells were generated from the PBMCs of healthy volunteers and phenotypes of
CD3+CD56+ (NKT), CD3+CD56− (T cells) and CD3−CD56+ (NK) were confirmed to see
both surface and intracellular CB2 expression. Primarily, we observed CD3+CD56+ (23.1%),
CD3+CD56− (52.5%), and CD3−CD56+ (21.0%) CIK cells without anti-CD3 antibody and
CD3+CD56+ (18.5%), CD3+CD56− (75.6%), and CD3−CD56+ (2.58%) cells tested in the
absence of IFN-γ (Figure 1). In addition, 3.92% CD20+ B cells without anti-CD3 antibody
(Figure 1A) and 1.99% without IFN-γ were detected.

It is worth noting that the percentage of CB2-positive cells within these different
subgroups did not differ significantly and remained completely positive. Of interest, when
we used half of the amount of IL-2, the percentages of CD3+CD56+ (NKT), CD3+CD56−

(T cells) and CD3−CD56+ (NK) cells were 17.8%, 56.9%, and 14.0%, while in complete
absence of IL-2, they were 30.4%, 67.7%, and 0.49%, respectively (Figure 1B). Importantly,
the percentages of CB2 positive cells within CD3+CD56+ (59.0%), CD3+CD56− (50.6%),
and CD3−CD56+ (70.1%) decreased significantly in the complete absence of IL-2, while
it remains entirely positive when only half of the amount of IL-2 was used. In addition,
55.3% CD20+ B cells were detected with half of the amount and 2.72% by a complete lack
of IL-2; however, the percentages of CB2 positive cells remain high in both conditions. We
extended our analysis by testing IL-15 or no IL-1β in a similar experimental setup and
observed CD3+CD56+ (8.02%), CD3+CD56− (81.3%), and CD3−CD56+ (7.07%) CIK cells
with IL-15 and CD3+CD56+ (30.04%), CD3+CD56− (67.7%), and CD3−CD56+ (0.49%) cells
in the absence of IL-1β (Figure 1C). In this case, 10.0% CD20+ B cells were detected with
IL-15 and 6.22% by a complete lack of IL-1β. Here again, the percentages of CB2 positive
cells remain high in both conditions—thus indicating that IL-2 primarily determines the
expression of the CB2 receptor on CIK cells.

Figure 1. Cont.
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Figure 1. Differential expression of CB2 receptor in the cell subsets of CIK cells. CIK cells were
cultured (A) in the absence of anti–CD3 antibody (upper panel) and IFN–γ (lower panel), (B) in
half of the amount of IL–2 (upper panel) and in the absence of IL–2 (lower panel), and (C) with
IL–15 (upper panel) and in the absence of IL–1β (lower panel). In all experiments, CIK cells were
immunophenotyped at day 14 by flow cytometry and the differential expression of CB2 receptor in
the main cell subsets of human CIK cells, i.e., NKT, T, NK, and B cells were determined.

3.2. An Autophagosomal-Associated Scaffold Protein p62 Also Colocalizes with CB2 Receptors in
CIK Cells and the PANC-1 Cell Line

As aforementioned, CB2 receptors colocalize with p62 vesicles mainly in the plasma
membrane of transiently transfected HEK293 cells. Herein, we also investigated possible
co-localizations of these two proteins in CIK cells and PANC-1 cells by using immunocyto-
chemical studies and a 3D reconstruction modeling of confocal images. We observed that
p62 vesicles were surrounded by CB2-positive areas (Figure 2). Particularly in CIK cells,
reconstruction images showed that p62 vesicles were surrounded by CB2-positive areas at
the surface membrane and also intracellularly (Figure 2A–D). In the case of PANC-1 cells,
we used a segmentation algorithm and determined p62-positive regions that co-expressed
CB2 (Figure 2E,F).
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Figure 2. (A–D) Confocal light microscopy of CIK cells at day 14 expressing CB2 receptors. Immuno-
histochemical staining of CB2 (green), p62 (red), and DAPI (blue). The membrane was stained by
Texas-red conjugated wheat-germ-agglutinin (magenta) and DAPI revealed the localization of the
nucleus. (A,B) Co-localization of CB2 receptors and p62 vesicles at the cell membrane which are in
yellow due to the overlap of green and red. 3D reconstruction of confocal images to distinguish the
CB2 receptor (green) out of the membrane (grey), and p62 vesicles (red) inside the membrane in close
proximity to CB2 receptors; (C,D) co-localization of CB2 receptors and p62 vesicles intracellularly. The
CB2 receptors have a different distribution in the cell membrane; (E,F) confocal light microscopy of
PANC-1 pancreatic cancer cell line expressing CB2 receptors. Immunohistochemical staining of CB2
(green), p62 (red). The membrane was stained by Texas-red conjugated wheat-germ-agglutinin (ma-
genta). 3D reconstruction modeling of confocal images using a segmentation algorithm to distinguish
a single signal from different channels showing co-localization of CB2 receptors and p62 vesicles.

3.3. CIK Cells Showed a Low Level of Intracellular p-p38 and Donor Specific Variability in p-CREB

To determine potential effects of downstream mediators of CB2, such as phosphoryla-
tion of p38 and CREB, which presumably could indirectly affect the pleiotropic cytokines
(IL-6/IL-10) that overlap with the CIK cell function. We next examined intracellular p-p38
expression in CIK cells immunophenotyped on days 7 and 14 of ex vivo expansion by flow
cytometry (Figure 3). Interestingly, p-p38 was detectable only at low levels in the subset
of T lymphocytes at day 7, whereas it was undetectable in other subsets at either day 7 or
day 14 (Figure 3A,B). Similarly, we immunophenotyped PANC-1 cells and observed p-38
undetectable (Figure 3C). In the case of the second mediator (p-CREB), we incubated CIK
cells (day 14) with cannabidiol at different concentrations of 1–20 µM and found a weak
signal (Figure 3D). Notably, in the case of p-CREB, donor-specific variability was observed,
with two donors showing a decrease in CREB phosphorylation at 1–3 µM and one at 1 µM
compared to the untreated and DMSO control.
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Figure 3. (A) The expression of p-p38 in the main cell subsets of human Cytokine-induced killer (CIK)
cells, i.e., CD3+CD56+(NKT), CD3+CD56− (T cells), and CD20+ B cells. Intracellular p–p38 expression
was evaluated and the CIK cells were immunophenotyped at day 7 by flow cytometry. For the subsets
CD3+CD56+(NKT) 7.73%, CD3+CD56− (T cells) 85.6%, p–p38 expression (histogram representation)
was 0% (red) and 3.0% (blue), respectively. The isotype is orange. For CD20+ B cells 0.96%, p–p38
expression was 0% (red). The isotype is blue. (B) Intracellular p–p38 expression was evaluated and the
CIK cells were immunophenotyped at day 14 by flow cytometry. For the subsets CD3+CD56+(NKT)
47.0%, CD3+CD56− (T cells) 48.8%, p–p38 expression (histogram representation) was % 0 (red) and
0% (blue), respectively. The isotype is orange. For CD20+ B cells 7,64%, p–p38 expression was 0%
(red). The isotype is blue. (C) The expression of p–p38 in PANC-1 cell line. Intracellular p–p38
expression was evaluated, and the cells were immunophenotyped by flow cytometry. Histogram
dotplot with PANC–1 cells (red) and isotype (blue). P–p38 was not detectable in PANC–1 cell line
via flow cytometry. (D) Phosphorylation of CREB in CIK cells stimulated with cannabidiol from
1 µM to 20 µM for 30 min at 37 ◦C. The graph shows the mean of three independent experiments
performed in technical triplicate, each with cells from a separate subject (three subjects in total). The
data were normalized.

3.4. Cannabidiol Significantly Decreases the Viability of PANC-1 Cells and Significantly Increases
the Cytotoxicity of CIK Cells against PANC-1 at Low Concentrations

Next, we measured the cell viability of PANC-1 cells exposed to various concentrations
of CBD (1–20 µM) for 24 h at 37 ◦C. We observed significant decrease in the cell viability
compared to the DMSO control (Figure 4A). Of interest, when cytotoxicity of PANC-
1 cells exposed to different concentrations of CBD was assessed, a significant decrease
in LDH release was observed at low concentrations (1 µM and 3 µM) and an increase
was observed at high concentrations (15 µM) compared to the DMSO control (Figure 4B).
Notably, no significant difference was observed when effector cells were cultured with target
cells (PANC-1) E:T ratio of 10:1 and exposed to different CBD concentrations (1–20 µM)
(Figure 4C). The LDH cytotoxicity experiment also showed no significant differences
compared to the DMSO control (Figure 4D).
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Figure 4. The cell viability in PANC–1 cells exposed to various concentrations of CBD by (A) CCK–8
assay and (B) LDH assay. The cell viability of the co–cultured CIKs and PANC–1 cells at E:T ratio
of 10:1 by (C) CCK–8 assay and (D) LDH assay. (E) The absolute number of viable PANC–1 cells
for each sample condition with cocultured CIKs and PANC–1 cells at an E:T ratio of 10:1. The cell
viability in U–266 cells exposed to various concentrations of CBD by (F) CCK–8 assay and (G) LDH
assay. The cell viability of the co–cultured CIKs and U–266 cells at E:T ratio of 10:1 by (H) CCK–8
assay and (I) LDH assay. (J) The absolute number of viable U–266 cells for each sample condition
with cocultured CIKs and PANC–1 cells at an E:T ratio of 10:1 (* p < 0.05, ** p < 0.01, *** p < 0.001).
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However, when effector cells were cocultured with target cells (PANC-1) E:T ratio
of 10:1 and exposed to different concentrations of CBD (1–20 µM) for 24 h at 37 ◦C, a
concentration-dependent inhibitory response was observed using flow cytometry analysis
(Figure 4E)—thus suggesting that CBD significantly decreases the viability of PANC-1 cells
presumably by increasing the cytotoxicity of CIK cells.

To determine whether this low effective CBD dose, which appears to be sufficient
to stimulate cytotoxic function of CIK cells, is limited to pancreatic cells or if it could be
a general phenomenon in cancer, we additionally tested myeloma cells. Particularly, we
measured the cell viability (Figure 4F) and cytotoxicity (Figure 4G) of U-266 cells exposed
to various concentrations of CBD (1–20 µM) for 24 h at 37 ◦C. No significant difference
was observed compared to the DMSO control in both experiments. However, a significant
difference was observed when effector cells were cultured with target cells (U-266) E:T ratio
of 10:1 and exposed to different CBD concentrations (1−20 µM) (Figure 4H). It is worth
noting a significant increase at 1 µM and 3 µM and a significant decrease at 5 µM compared
to the DMSO control was observed. However, it remains difficult to distinguish between
tumor cells and CIK cells. Notably, no significant difference was observed in the LDH
release (Figure 4I) when effector cells were cultured with target cells (U-266) E:T ratio of
10:1 and exposed to different CBD concentrations (1–20 µM) and using flow cytometry
analysis (Figure 4J) compared to the DMSO control.

4. Discussion

It has been well understood that genetic-epigenetic, inter/intra-individual heterogene-
ity and various yet to be known factors contribute to the complexity of cancer [19–21].
Nevertheless, the relative contribution of several immunotherapeutic approaches has
helped to partially tackle this adverse effect of disease in the clinics. Among these ap-
proaches, cytokine-induced killer (CIK) cell therapy has played a pivotal role and raised
the bar regarding treatment response due to its safe and efficient methodology [22–24].
The uniqueness of CIK cells is their encouraging synergetic effect with cancer associated
inhibitors/compounds in preclinical models since cannabinoids have been the subject of
intensive cancer research, in particular cannabinoid receptor 2 (CB2) due to its expression in
cells of the immune system where CIK cells also play an important role. To date, no study
has thoroughly investigated the combinatorial impact of CBD and CIK cells, particularly in
pancreatic cancer (PC). It is worth noting that the implication of cannabinoids in PC can be
from different CB ligands from the study where the combination of synthetic cannabinoids
and gemcitabine synergistically trigger the inhibition of PC cells growth by a ROS-mediated
autophagy induction involving the AMP-activated protein kinase (AMPK) [25,26]. Con-
sidering this, herein, we sought to investigate whether inducing CIK cells with CBD can
enhance their cytotoxicity in pancreatic cells. Besides our major focus on the PC cellular
model (PANC-1 cell line), we also used myeloma cells (U-266 cell line) as a proof of concept.

In our analysis, we first found that IL-2 primarily determines the expression of CB2
receptor on CIK cells. This was clearly evident from the analyses when both surface and
intracellular CB2 expression were confirmed on CIK cells generated from PBMCs of healthy
volunteers and respective percentage of CD3+CD56+, CD3+CD56−, and CD3−CD56+ CIK
cells was quite distinguishable in all groups. Importantly, the percentages of CB2 positive
cells always remains high, regardless of co-culturing with any CIK cell mediators (anti-CD3
antibody, IFN-γ, IL-2, IL-15, and IL-1β). The cytokine cocktail includes IL-2 to promote
survival and activation of cytolytic effector function of CIK cells, and IL-15, which is
capable of further activating CIK cells and shares common signaling components with
IL-2, e.g., activation of the Jak/STAT signaling pathways. Next, we investigated whether
CB2 receptors colocalize with p62 vesicles in CIK cells and PANC-1 cells, as it has been
previously reported in HEK293 cells [17]. Our analysis clearly showed that p62 vesicles
were surrounded by CB2-positive areas at the surface membrane and also intracellularly in
CIK cells, while p62-positive regions were co-expressed with CB2 in PANC-1 cells. Given
that CIK cells are heterogenous, here it is unclear which subtype of CIK cells contributes
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predominantly towards the localization with p62. Previously, it has been shown that CB2
induces the phosphorylation of p38 MAPKs, downstream CREB phosphorylation and
induction of IL-6, IL-10 cytokine secretion in human primary leukocytes [18]. Therefore, we
also examined intracellular p-p38 expression in CIK cells immunophenotyped on day 7 and
day 14 of ex vivo expansion. Interestingly, we found that CIK cells showed a low level of
intracellular p-p38, primarily in the subset of T lymphocytes at day 7, while, in the case of
p-CREB, we found a weak and variable signal among donors when CIK cells (day 14) were
incubated with CBD. This clearly indicated that CBDs (mainly at low concentration) are
sufficient to stimulate the cytotoxic function of CIK cells without exerting the downstream
mediators like p38 and/or CREB, particularly in the pancreatic adenocarcinoma cell line.
Nevertheless, whether the expression of other molecules such as perforin or granzyme B is
also affected in this crosstalk between CIK, and CBD requires further validation. It is worth
noting that cell viability and cytotoxicity of PANC-1 cells were also found to be significantly
decreased when they were exposed to various concentrations of CBD (1–20 µM) for 24 h at
37 ◦C. Interestingly, when CIK cells were co-cultured, a concentration-dependent inhibitory
response was observed in these cells—thus suggesting that CBD (in low concentration)
presumably increased the cytotoxicity of CIK cells, which in turn negatively impacted
the viability of PANC-1 cells. Despite this low effective CBD dose, impact is limited to
pancreatic cells or it is a general phenomenon in cancer, we additionally tested myeloma
cells. Of interest, like PC cells, a significant difference was observed when effector cells
were cultured with target cells (U-266) E:T ratio of 10:1 and exposed to different CBD
concentrations (1–20 µM)—hence confirming that a low dose of CBD impacted in a similar
way in both PC and myeloma cells, presumably via CIK cells.

Here, it is also important to mention the limitation of the study like using multiple cell
lines with a varied genetic background would provide more detailed insights. Certainly,
an in vivo validation of CBD-CIK crosstalk in a preclinical model is warranted. Still, ours
is the first study to show that a low dose of pure cannabidiol is sufficient to stimulate the
cytotoxic function of CIK without exerting any associated mediator. As CIK cell therapy is
safe, introducing pure cannabidiol particularly for the non-respondent patients may help
to increase the therapeutic response.

5. Conclusions

A low dose of pure cannabidiol (CBD) is sufficient to stimulate the cytotoxic function
of CIK cells in cancer cells, primarily in pancreatic and myeloma cells.
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Abstract. Background/Aim: Cytokine-induced killer (CIK)
cells are a heterogenous population of immune cells showing
promising applications in immunotherapeutic cancer
treatment. Neuropilin (NRP) proteins have been proven to
play an important role in cancer development and prognosis.
In this study, CIK cells were tested for expression of NRPs,
transmembrane proteins playing a role in the proliferation
and survival of cancer cells. Materials and Methods: CIK
cells were analyzed at different time points via flow
cytometry and quantitative real-time polymerase chain
reaction for neuropilin expression. Results: Phenotyping
results showed CIK cells having developed properly, and low
levels of NRP2 were detected. On the other hand, no NRP1
expression was found. Two cancer cell lines were tested by
flow cytometry: A549 cells expressed NRP1 and NRP2;
U251-MG cells expressed high amounts of NRP2. CIK cell
showed low levels of NRP2 expression on day 14.
Conclusion: The presence of NRP2, but not NRP1, was
shown for CIK cells. Recognizing NRP2 in CIK cells might
help to improve CIK cell cytotoxicity. 

Neuropilins (NRPs) are non-tyrosine kinase glycoproteins
expressed on the surface of cells of all vertebrate animals.
There are two main molecules, NRP1 and NRP2 (located on
different genes), which act as co-receptors for certain
molecules. NRPs bind vascular endothelial growth factors
(VEGFs), class III semaphorins, transforming growth factor
beta, other growth factors and many more molecules (1).

Depending on what they bind, different pathways/signals are
either induced or up-regulated. Regarding their effects on
tumor cells, interactions of class III semaphorins and
NRPs/plexins on cancer cells have been reported to induce
inhibition of proliferation, migration, angiogenesis and
immune responses (2). On the other hand, when VEGF
molecules interact with NRPs, cell survival, proliferation,
migration, angiogenesis and metastasis are induced (1). 

Previous studies have focused on the role of NRPs on cancer
cells, finding a pattern that highlights a positive correlation
between the expression of NRPs in tumor cells and the
malignancy of the same (1-3). Lal Goel et al. found that NRP-
2 is associated with high-grade prostate cancer (4), it was also
found to be a prognostic marker for survival in prostate cancer
(5). Another study showed how the silencing of NRP1 in non-
small cell lung carcinomas reduced proliferation and increased
radiosensitivity of the tumor cells both in vitro and in vivo (6).
Therefore, NRPs are becoming a protein of increasing
importance in regard to oncology research.

Cytokine-induced killer cells (CIK) are expanded ex-vivo
from peripheral blood mononuclear cells (PBMCs) of a
patient’s blood. They were firstly characterized by Schmidt-
Wolf et al. in 1991 (7) and have been the focus of various
prospective oncology therapies since (8). They have certain
characteristic features which make them great candidates for
adoptive immunotherapy: They are able to lyse tumor cells
independently of the major histocompatibility complex, their
proliferation rate is also higher than conventional lymphokine-
activated killer cells (9), and they are readily available, quick
and easy to generate, as well as being relatively cheap.

CIK cells are a heterogenous population composed of
natural killer (NK) cells, T-cells and NK T-cells. The
phenotype of CIK cells is determined based on the surface
markers they express. NK cells express neural cell adhesion
molecule (NCAM1 or CD56) but not CD3, T-cells express
CD3 but not NCAM1, and NK T-cells, the most cytotoxic
sub-group, express both of these molecules. Once isolated
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CIK cells are mature, they can be analyzed to determine their
phenotype (10). When characterizing CIK cells, two T-cell
markers are also looked for: CD4 and CD8. CD4 is a marker
of helper T-cells, which recruit cytotoxic cells which are
CD8+ (11). Therefore, CD4+ and CD8+ populations of CIK
cells are expected.

These cells are generated by isolation of PBMCs from a
patient’s blood and by cytokine addition, as described in the
literature (7, 12). Briefly, PBMCs are isolated, monocytes
and granulocytes are eliminated and finally CIK expansion
is induced by the addition of interleukin-2 (IL2), IL1β, anti-
CD3 and interferon-γ. 

Since NRPs have been proven to play a role in up-
regulating signals involved with key pathways in cancer
cells, it was considered to be of interest to determine whether
NRPs are present in CIK cells. Therefore, the aim of this
study was to experimentally determine the presence or
absence of NRP1 and NRP2 in CIK cells through flow
cytometric analysis and quantitative real-time polymerase
chain reaction (RT-qPCR).

Materials and Methods

Cell lines, cell cultures and reagents. CIK cells were generated from
buffy coats of healthy donors as explained in the literature (7) using
the following reagents: Phosphate buffered saline (PBS) (PAN
Biotech, Aidenbach, Germany), ethylenediamine tetra-acetic acid
(ITW Reagents, Darmstadt, Germany), pancoll (PAN Biotech),
distilled water (Gibco/Thermo Fisher Scientific, Waltham, MA,
USA), erythrocyte lysis buffer (BioLegend, San Diego, CA, USA),
recombinant human interleukin-2 (ImmunoTools, Friesoythe,
Germany), recombinant human interferon gamma (ImmunoTools),
recombinant human interleukin-1-beta (ImmunoTools) and mouse
anti-human CD3 monoclonal antibody (eBioscience - Thermo
Fisher Scientific). The buffy coat was stored for a maximum of 24
hours at 4˚C until CIK cell isolation. The CIK cells were incubated
at 37˚C, with 5% CO2 and 95% humidity and kept in a T-175 flask
at a density of 1-2×106 cells/ml with RPMI 1640 (PAN Biotech)
medium supplemented with 10% fetal bovine serum (FBS) (Sigma-
Aldrich, Oakville, ON, Canada) and 1% penicillin/streptomycin
(Gibco/Thermo Fisher Scientific) as well as 1 M HEPES (PAN
Biotech). The medium was changed every 3-4 days and from day
14, the cells were considered mature CIK cells. The tumor cell line
A549 (DSMZ, Braunschweig, Germany), a lung cancer cell line,
was cultured in a T-75 flask with 10 ml of RPMI 1640 medium
supplemented with 10% FBS and 1% penicillin/streptomycin. The
media was changed every 3-4 days and when the cells reached an
observable confluence of around 90%, the cell line was seeded at a
density of 0.1-0.5×106 cells/ml. The cells were incubated at 37˚C,
with 5% CO2 and 95% humidity. The glioblastoma cell line U251-
MG (Sigma-Aldrich) was acquired as a cell pellet ready to be
thawed and used for flow cytometry antibody-staining. These cells
were routinely checked for mycoplasma infection. 

Flow cytometry and phenotyping of CIK cells. The cells were prepared
for phenotyping at day 0, 1 and 14 onward, by creating a single-cell
suspension in PBS at a density of 2×107 cells/ml. A staining buffer

was also prepared: 0.1 g of bovine serum albumin (Sigma-Aldrich) in
10 ml of PBS. In each tube, 50 μl of the staining buffer were added,
as well as 50 μl of the cell suspension. Additionally, making sure to
work under dim lighting, monoclonal antibodies were added at the
recommended concentrations: for fluorescein isothiocyanate (FITC)-
conjugated mouse anti-human CD3, phycoerythrin-conjugated mouse
anti-human neural cell adhesion molecule (NCAM1),
allophycocyanin-conjugated mouse anti-human CD4 and Brilliant
Violet 421™ mouse anti-human CD8a, 1 μl was added per tube (all
BioLegend); for Pacific Blue™-conjugated mouse anti-human CD20
(BioLegend), FITC-conjugated mouse anti-human NRP1 (CD304)
(BioLegend) and AF488-conjugated mouse anti-human NRP2 (R&D
systems, Minneapolis, MN, USA), 5 μl were added per tube.
Moreover, the tubes were kept on ice in the dark for 20 min.
Afterwards, the cells were washed twice with 2 ml of PBS by
centrifuging at 405×g for 5 min. The pellet was resuspended in 500 μl
of PBS. The samples were then analyzed with BD FACS CANTO II
and FACS DIVA program (BD Biosciences, San Jose, CA, USA) as
explained in the literature (13). The software used to analyze and
process the data was FlowJo 10.4.0 (FlowJo-BD Biosciences).

RNA isolation and cDNA synthesis. For RNA isolation, CIK cells
from the same batch were used on day 0 and day 14, RNeasy mini
kit and RNA-free DNase I kit (both from Qiagen, Venlo, the
Netherlands) were used and the company’s protocol was followed. In
regard to the cDNA synthesis, the protocol from the manufacturer
(Thermo Fisher Scientific) of the following reagents was followed:
5X reaction buffer, RiboLock RNase inhibitor (200 U/μl), random
hexamer primer, dNTP mix, ReverseAid H Minus Reverse
Transcriptase (200 U/μl) and nuclease-free water (Qiagen). A
thermocycler (AnalytikJena, Jena, Germany) was used for incubation
at 25˚C for 10 min, then at 42˚C for 60 min and lastly at 70˚C for 10
min. The cDNA was stored at −20˚C until further use. 

Quantitative reverse transcriptase–polymerase chain reaction (RT-
qPCR). Following the manufacturer’s protocol from Thermo Fisher
Scientific for RT-qPCR with SYBR green, the following reagents and
instruments were used: a water-bath (Memmert, Schwabach,
Germany), vortex machine (Velp Scientifica, Usmate Italy) nuclease-
free water, maxima SYBR green (Thermo Fisher Scientific), forward
primer, and reverse primer, a 96-well plate, a centrifuge (AG Schorle,
BMZ, Universitätsklinikum Bonn, Germany), and an RT-qPCR
instrument (4351106, Applied Biosystems -Thermo Fisher Scientific).
Three genes were tested: NCAM1, NRP2 and peptidylprolyl
isomerase A (PPIA; as a positive control). The primers used were the
following: NRP2: forward: 5’ACCAGAACTGCG AGTGGATT3’,
reverse: 5’CGATGTTCCCACAGTGTTTG3’; NCAM1: forward:
5’GACCAGGTGGAGCCATACTC3’, reverse: 5’TTACGGCGTACG
TTGTTTCG3’; PPIA: forward: 5’GCTGGACCCAACACAAA
TGG3’, reverse: 5’GGCCTCCACAAT ATTCATGCCT3’. Triplicates
were prepared for each sample, two cell types were tested (CIK and
U251-MG) and the CIK cells were tested at two time points: day 0
and day 14. A negative control, with nuclease-free water instead of
cells, was also used, resulting in a total of 36 samples. The RT-qPCR
was run as follows: one cycle of 50˚C for 2 min; one cycle of 95˚C
for 10 min; 40 cycles of 95˚C for 10 min, 63˚C for 15 s and 60˚C for
1 min; one cycle of 95˚C for 15 s, 60˚C for 1 min and 95˚C for 30 s;
one cycle of 60˚C for 15 s. After the run and after obtaining the
results, the expression of the genes in CIK cells relative to those in
U251-MG cells, as well as relative to day 0 CIK cells, was calculated

ANTICANCER RESEARCH 40: 5489-5496 (2020)

5490



using the Ct values obtained and the formulae: ΔCt= Cttarget gene −
Cthousekeeping gene, ΔΔCq=ΔCttreated − ΔCtcontrol, ratio = 2(−ΔΔCq); he
SD was also calculated as shown in the protocol (14). 

Statistical analysis. Descriptive data and graphics were prepared
using Numbers (Apple, Cupertino, CA, USA). Sample means were
calculated and reported with the standard deviation. Results are also
presented as fold expression of the control, where one-fold
represents the same level of expression as the control.

Results

Phenotyping of CIK cells through flow cytometry. The
generated CIK cell population was characterized based on the
number of cells expressing specific cell surface markers: CD3,
NCAM1, CD4 and CD8. In Figure 1A, it can be observed that
the percentage of cells expressing CD3 increased from day 0
to day 14. Figure 1B shows that the percentage of NCAM1+
cells increased from day 0 to day 1, after which it decreased
by day 14. Regarding Figure 1C, CD4+ cells increased from
day 0 to day 14. Lastly in Figure 1D, the proportion of CD8+
cells also increased from day 0 to day 14. Figure 2 shows that
the percentage of cells in the lymphocyte population increased
with time up to day 14, whereas the populations of monocytes

and granulocytes decreased as the CIK cell population
matured. It can also be seen that the population of
CD3+NCAM1+ cells decreased on day 1, after which it
increased. Regarding the populations of CD3+CD4+ and
CD3+CD8+ cells, both increased with time. 

Determination of NRP expression by flow cytometry. The
levels of NRP1 and NRP2 expression were measured by flow
cytometry using labelled antibodies. Two cell lines were taken
as positive controls, U251-MG for NRP2 and A549 for NRP1
and NRP2. Different CIK cell batches were isolated and tested
at different time points. In Figure 3, the results obtained for
the expression of NRP1 and NRP2 in CIK cells and A549
cells can be seen. The graph shows the mean expression of all
of the tested batches normalized against the antibody controls
of each measurement which had identical isotypes to the tested
antibodies. A549 cells had a level of NRP2 expression similar
to that of CIK cells on both day 1 and day 14. On the other
hand, NRP1 expression in CIK cells at all time points
averaged the same or lower than the isotype control.

NRP2 mRNA detection through RT-qPCR. One batch of
CIK cells was analyzed on days 0 and 14 through RT-
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Figure 1. Phenotyping of cytokine-induced killer (CIK) cells (single markers) by flow cytometry. The percentage of CIK cells expressing CD3 (A),
neural cell adhesion molecule (NCAM1) (B), CD4 (C) and CD8 (D) at different time points of cell development. Data are presented as the mean±SD.
The sample size on day 0 was two, day 1 three and for mature cells four.



qPCR. As a positive control, the cell line U251-MG was
also tested since it is a cell line that was shown to express
a high amount of NRP2 (15). Three parameters were
measured: Relative expression of NRP2, NCAM1 and PPIA.
The relative expression of the genes in CIK cells was
compared to those of the positive control cell line U251-
MG. The results can be seen in Table I. CIK cell expression
was normalized firstly against the expression in U251-MG

cells. This showed the expression of NRP2 increased from
day 0 to day 14 but this was not very clear because the
U251-MG cell line expressed both genes at a higher level.
When expression was normalized against that of day 0 CIK
cells, the pattern of expression was clearer. In Figure 4, the
expression of NRP2 and NCAM1 in CIK cells on day 14
were normalized against the expression of those same
genes on the same CIK cells at day 0. The results showed
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Figure 2. Phenotyping of cytokine-induced killer (CIK) cells (double-positive markers) and peripheral blood mononuclear cell (PBMC) populations
using CD3, CD4, CD8, and neural cell adhesion molecule (NCAM1) expression. CIK cells were analyzed on day 0, 1 and day 14 (mature cells).
The different PBMC populations (lymphocytes, monocytes and granulocytes) were gated in the obtained fluorescence-activated cell sorting dot plot
(FSC-A vs. SSC-A) and the percentage of cells belonging to those populations are than seen as a percentage. The percentage of double-positive
populations, CD3+NCAM1+, CD3+CD4+ and CD3+CD8, are also shown. Data are presented as the mean±SD. The sample size on days 0 and 1
was three, and for mature cells was four. 

Figure 3. Expression of neuropilin-1 (NRP1) and neuropilin-2 (NRP2) in A549 and cytokine-induced killer cells (CIK cells), normalized against the
control antibody with identical isotype using flow cytometry. Fold expression is shown, where 1 equals the same level of expression as the control
antibody with identical isotype. Data are presented as the mean±SD. The sample size for NRP1 in CIK cells on day 0 was two, on day 1 was one
and for mature cells was two; for NRP2 no data were collected on day 0, on day 1 the sample size was one and for mature cells it was five. The
sample size in A549 cells for NRP1 was two and for NRP2 was three.



a clearer fold increase in expression of NRP2 from day 0
to day 14.

Discussion

NRPs have been proven to play a role in cancer progression
and severity, and therefore it has become a protein of interest
in oncology studies. In this report the focus was on the study
of this transmembrane protein in a specific immune-system
cell-type: CIK cells. These cells have been and are being
studied with the purpose of using them for adoptive immune-
therapies directed against cancer. Since as far as we are
aware the presence of NRPs have never been reported on
CIK cells, this study was focused on determining this. The
two NRPs were tested: NRP1 and NRP2 and flow cytometry
and RT-qPCR were performed. As a positive control, the cell
lines A549 and U251-MG were used, since they have been
already proven to express NRP1 and/or NRP2 (16, 17). 

Firstly, the CIK cells to be tested were characterized by
flow cytometry. The results can be seen in Figures 2 and 3.
Of all CIK cells, 86.5% of the population are expected to
express CD3, 28.5% NCAM1, 45.4% CD4 and 47.7% CD8
(10). The phenotyping results seen in Figure 1 of cell-surface
marker expression are in accordance with the literature (10),
despite our testing a relatively low number of cell batches.
The error bars (representing the standard deviation of the
mean) indicate for the broad range of the samples. 

On day 0, a lower proportion of cells expressed CD3,
NCAM1, CD4 and CD8 than did mature CIK cells, which is
consistent with the literature (18). Regarding the results for
day 1, the percentage of CD3+, CD4+ and CD8+ cells was
higher in comparison to day 0, but lower than in mature CIK
cells. The only discrepancy in Figure 1 can be seen for the
percentage of CIK cells expressing NCAM1 on day 1, which

was higher on day 1 and day 0 than on day 14. Zhao et al.
found similar results, where the percentage of NCAM1-
expressing cells on day 0 was 26.8% but that in mature CIK
cells was only 24% (18). This is a very small difference in
percentage but similar results can also be seen in Figure 1 of
this study, where on day 0, 28.9% of cells expressed
NCAM1 while on day 14, 23% did. This leads to the
conclusion that the natural expression pattern of NCAM1 in
CIK cells is such that as cells mature, the NCAM1+
population decreases.

Garcia De Olalla et al: Neuropilin in Cytokine-induced Killer Cells

5493

Figure 4. Graph showing the relative expression of neuropilin-2 (NRP2)
and neural cell adhesion molecule (NCAM1) on day 0 and day 14 in
cytokine-induced killer cells (CIK). Expression in CIK and U251-MG
cells was analyzed through quantitative real-time polymerase chain
reaction using SYBR green as the reporting dye. The expression levels
of CIK cells on day 14 were normalized against the expression of CIK
cells on day 0. Data are presented as the mean±SD fold expression,
where 1 represents the same expression as that at day 0.

Table I. Quantitative real-time polymerase chain reaction results and calculated relative expression of neuropilin-1 (NRP1) and neural cell adhesion
molecule (NCAM1) on cytokine-induced killer cells (CIK). ΔCt, ΔΔCt and ratio values were calculated as per the protocol (14) in the Materials
and Methods section. The expression of the genes was normalized against U251-MG cells and against CIK cells on day 0. Peptidylprolyl isomerase
A (PPIA) was used as a housekeeping gene. The sample size for all Ct values was three, except for CIK cells on day 0 and 14 testing NCAM1,
where one outlier was excluded for each triplicate and therefore the sample sizes for each was two.

Target         Sample                        Mean Ct       Ct          ΔCt           ΔCt        ΔΔCt     ΔΔCt     Ratio         SD       ΔΔCt    ΔΔCt       Ratio        SD
                                                                            SD                             SD                          SD                                                      SD

NCAM1    U251-MG                       21.690      0.190       3.820         0.236       0             0.236          1          0.1777        -         0.236           -               
                 CIK cells       Day 0       27.415      0.120       3.805         0.134     –0.015      0.134     1.0105     0.0986        0        0.134           1         0.0976
                                       Day 14      24.875      0.601       3.535         0.651     –0.285      0.651     1.2184     0.6947    0.270     0.651      1.2058    0.6875
NRP2        U251-MG                       19.490      0.060       1.620         0.152       0             0.152          1          0.1114        -         0.152           -               
                 CIK cells       Day 0       36.930      0.000      13.320        0.060     11.700      0.060     0.0003     0.0000        0        0.060           1         0.0425
                                       Day 14      31.570      0.640      10.230        0.687       8.610      0.687     0.0026     0.0016    3.090     0.687      8.5150    5.1945
PPIA        U251-MG                       17.870      0.140           -                 -               -              -              -                             -             -               -               
                 CIK cells       Day 0       23.610      0.060           -                 -               -              -              -                             -             -               -               
                                       Day 14      21.340      0.250           -                 -               -              -              -                             -             -               -               



In this study, the population of lymphocytes increased as
expected after day 0 (Figure 2), since the CIK cells are
immune-system cells of the lymphocyte population. Monocytes
were present on day 0, but not on days 1 and 14. This is due
to monocytes being adherent cells, which by the protocol, are
to be excluded on day 0 immediately before interferon-γ was
added. Regarding granulocytes, the population disappeared
after day 1 since the cytokine addition on that day makes the
cells differentiate into lymphocytes. Figure 2, therefore, shows
how the CIK cell batches used for the further experiments
developed properly and according to literature (7). 

Figure 2 also shows how the proportion of CD3+NCAM1+
cells decreased slightly from day 0 to day 1 and increased
again on day 14. These findings are consistent with the
literature (19), where the percentage of CD3+NCAM1+ cells
was below 3% on day 0, decreased slightly on day 1 and
then increased to around 35% on day 14. The results for
CD3+CD4+ cells are slightly different from those of the
literature (19), since on day 14, the population comprised
around 50%, whereas in the literature the population
decreased to about 20% on day 14. Lastly, the finding for the
CD3+CD8+ population was similar to results in the literature
for days 0 and 1 but on day 14, the obtained result was about
40%, whereas Meng et al. shows values of around 80%. This
would mean that the cells used in this study were not as
cytotoxic, since that characteristic is attributed to CD8+ cells
(20). Still, there are publications in which the population of
CD3+CD4+ cells was reportedly higher than that of
CD3+CD8+ cells (21). Therefore, even though the CIK cells
tested would not be as cytotoxic (20), they still fall within
the parameters of previously reported CIK cells (21). 

Another important point to consider when analyzing the
results is that the phenotype of each CIK cell batch is
patient-dependent (22) and, therefore, discrepancies in
phenotyping between patients is expected. This can be seen
when comparing the results in Figure 1B to the results in
Figure 4. In Figure 1B, the average proportion of NCAM1+
cells can be seen to decrease from day 0 to day 14. However,
the standard deviation was large on day 14, showing that the
proportion of NCAM1+ cells in some batches increased as
they matured. In Figure 4, on the other hand, an increase in
NCAM1 expression from day 0 to day 14 can be seen.

The isolated CIK cells were tested by flow cytometry at
different time points for the expression of the transmembrane
NRP proteins. The cells lines U251-MG and A549 were also
tested and taken as positive controls. The cell line U251-MG
showed 36.6-fold expression of NRP2 when compared to the
isotype. This is consistent with the literature (15). The A549
cell line also produced the expected results regarding NRP1
expression, concordant with the literature (6). However,
NRP2 expression on A549 cells seemed to be very low,
which is a discrepancy from the literature (23, 24), where
NRP2 showed a clear positive band in western blots. 

The expression level of NRP1 in CIK cells on day 0, 1
and 14 was equivalent to that of the isotype control.
Regarding NRP2, on day 1 and day 14 expression was low.
The standard deviation was large on day 14 for NRP2 since
there was one sample in which expression was 1.76-fold.
Since the phenotype of CIK cells varies from patient to
patient, it could be hypothesized that NRP expression also
does. From the results obtained, this cannot be proven since
the sample size was too small, but it can be seen that NRP
expression is not consistent in all CIK cell batches.

Further experiments would be necessary to determine
whether the expression of NRPs in CIK cells is patient-
dependent. In fact, Nasarre et al. obtained
immunofluorescence results showing that not all A549 cells
tested expressed similar amounts of NRP2 (24). It should
therefore be considered that like A549 cells, NRP2
expression on CIK cells might vary from cell to cell. Another
point to note is that flow cytometric analysis may not be the
best method to determine the presence of NRP, since there
might be intracellular presence of the protein. Therefore,
future experiments should attempt to determine the presence
of NRPs in CIK cells by other techniques such as western
blotting. In fact, Nasarre et al. detected the presence of
NRP2 in A549 cells through western blotting, and obtained
clear positive results (24), as did Dong et al. (6), whereas
through flow cytometry in our experiments, as seen in Figure
3, NRP2 seemed to be expressed at very low levels. 

Lastly, one batch of CIK cells was taken to perform
quantitative RT-qPCR, in which the samples were collected on
day 0 and 14 after isolation. Since no cells were detected as
being positive for NRP1, its RNA was not investigated. There
was an 8.5-fold increase of NRP2 expression from day 0 to
day 14 in CIK cells as seen in Figure 4 but the expression was
still low when compared to that of the cell line U251-MG
(Table I). Regarding the expression of NCAM1, the results in
Table I and Figure 4 were as expected (10).

In future experiments, it would be of interest to retest the
CIK cells using a cell line which expresses less NRP2, for
example the A549 cell line. This cell line has already been
tested through flow cytometry as seen in Figure 3, and would
make a desirable future positive control. This cell line would
also be a good choice since as seen in Figure 3, the A549
cells showed a level of NRP2 expression similar to that of
CIK cells.

Finding proof of the presence of NRP2 on CIK cells might
be advantageous for cancer therapy studies, since the presence
of NRP has been proven to increase cancer progression and
tumor cell migration, among others (1). Therefore, a possible
way forward with this study might be to assess the importance
of NRPs on CIK cells in regard to their cytotoxic effect on
tumor cells. In other words, to see if there is a difference in
the cytotoxicity of CIK cells against normal tumor cells versus
against the same NRP-silenced cancer cells. Such a difference
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could be advantageous for cancer therapy since, as previously
described by Prud’homme et al. (1), the interaction of VEGF
with NRPs on the membrane of cancer cells leads to cell
survival, proliferation, migration, angiogenesis and metastasis
of tumor cells. Therefore, it is possible that VEGF expressed
by CIK cells (19) interacts with NRPs on tumor cells and may
counteract the cytotoxic effect desired from immunogenic
therapies. By silencing NRP, the susceptibility of the treated
tumor cells to CIK cell therapy might be increased. 

In conclusion, it can be stated that NRP2 is expressed on
CIK cells. On the other hand, there is evidence to support
the claim that NRP1 is not present on CIK cells. This might
prove important in future studies to improve the cytotoxicity
of CIK cells.
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4. Discussion with references 
The immunology of tumors includes an area of research and therapy aimed, on 

the one hand, to investigate the interactions between the immune system and 

cancer, on the other, to identify and propose therapeutic solutions based on the 

stimulation of the effector components of the immune system (Yu, S. et al. 

2017). In the field of immunotherapy applied to the treatment of tumors there 

are several therapeutic approaches, but certainly one of the most fascinating is 

that based on the use of effector cells of the immune system (cellular 

immunotherapy), armed selectively against cancer cells (Arnaud, M. et al. 

2021). Some kinds of immunotherapy are authorized in Europe, in line with the 

most advanced studies that show how this type of approach can concretely 

improve the life of some patients, even in the case of childhood cancers 

(Hayden, P.J. et al. 2022). Cytokine-induced killer cells (CIKs), T cells 

expanded in vitro and characterized by a potent anti-tumor activity, represent 

an encouraging immunotherapy strategy in the oncological field (Wang, S. et 

al. 2020). CIK cells have a significant antitumor activity and are able to eradicate 

tumors with few side effects. They are a very encouraging cell population with 

an inexpensive expansion protocol which could yield to superior clinical 

outcome in clinical trials employing adoptive cellular therapy combination 

(Cappuzzello, E. et al. 2017). They are a subpopulation of lymphocytes 

characterized by the expression of CD3+ and CD56+ which are surface markers 

common to T lymphocytes and natural killer NK cells. They possess a high 

proliferation rate and potent antitumor effects. CIK cells are capable of exerting 

a potent MHC-unrestricted cytotoxicity against both hematological and solid 

tumors, but not hematopoietic precursors and normal tissues (Wang, X, et al. 

2014). The use of immune therapy for the treatment of hematological 

malignancies is an effective obvious treatment, as they are more accessible to 

effector immune cells. However, one disadvantage for these cancers is that the 

effector immune cells may potentially be malignant themselves. The differences 

of the outcomes in different kinds of cancers could result from different 

molecular mechanisms unexplained yet. The main aim of this study is to 

investigate the combinatorial effect of CBD and CIK cells, particularly in 
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pancreatic cancer (PC) and multiple myeloma (MM). Although the expression 

and function of CB2 receptors has been widely studied in several immune cells, 

this is the first study reporting a detailed characterization of CB2 receptors 

expression on distinct CIK cells populations. The factors and conditions that 

regulate CB2 expression are still poorly understood, and the signaling cascades 

are incomplete. We have shown that CIK cells on days 7 and 14 of ex vivo 

expansion express remarkable high levels of CB2 receptors compared to 

PBMCs. We performed polychromatic flow cytometry which revealed also high 

levels of CB2 receptors expression in MM cell lines. Human pancreatic cancer 

PC cell lines and tumor biopsies have been also shown previously to express 

higher levels of cannabinoid receptors compared to normal pancreatic tissue. 

Further, our study demonstrated that CBD can be protective regarding CIK cells 

since the LDH release was decreasing in a dose-dependent manner. However, 

CBD used during CIK cells expansion was able to decrease the percentage of 

NKT cells, but the percentage of NKG2D-positive NKT cells did not change and 

remained high. We found that IL-2 primarily determines the expression of CB2 

receptor on CIK cells. Moreover, the percentages of CB2 positive cells always 

remains high, regardless of co-culturing with any CIK cell mediators (anti-CD3 

antibody, IFN-γ, IL-2, IL-15, and IL-1β). The cytokine cocktail used for CIK cells 

expansion includes IL-2 to promote survival and the expression of the natural 

killer group 2 member D (NKG2D) transmembrane adapter protein DAP10, 

which in turn is essential for cytolysis, and IL-15, which is capable of further 

activating CIK cells and shares common signaling components with IL-2, e.g., 

activation of the Jak/STAT signaling pathways. Previously, it has been shown 

that CB2 signaling in unstimulated human immunocompetent primary 

leukocytes (peripheral blood mononuclear cells (PBMCs)) induces the 

phosphorylation of p38 MAPKs, downstream CREB phosphorylation and 

induction of IL-6, IL-10 cytokine secretion. Therefore, we also 

immunophenotyped CIK cells on days 7 and day 14 of ex vivo expansion for 

intracellular p-p38 expression. Interestingly, we found that CIK cells showed a 

low level of intracellular p-p38, primarily in the subset of T lymphocytes at day 

7, whereas it was undetectable in other subsets at either day 7 or day 14. 
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Similarly, we immunophenotyped PANC-1 pancreatic cancer cell line and 

observed p-38 undetectable via flow cytometry. In the case of p-CREB, when 

CIK cells (day 14) were incubated with CBD, we found a weak and variable 

signal among donors which could be explained with different subtypes of CB2 

receptor. The CB2 receptors, GPCRs, once activated are typically internalized 

and degraded. Alternatively, they are recycled to the membrane for another 

activation cycle. An independent interesting study has also recently identified 

the scaffold/phagosomal protein p62/SQSTM1 as part of the CB2 receptor 

interactome in transiently transfected HEK293 cells mainly in the plasma 

membrane. Degradation of CB2 receptors can occur via lysosome and 

autophagy pathways where p62 protein is involved. We also investigated 

whether CB2 receptors colocalize with p62 vesicles in CIK cells and PANC-1 

cells by using immunocytochemical studies and a 3D reconstruction modeling 

of confocal images. Our analysis clearly showed that p62 vesicles were 

surrounded by CB2-positive areas at the surface membrane and also 

intracellularly in CIK cells, while in the case of PANC-1 we used segmentation 

algorithm and determined that p62-positive regions were co-expressed with 

CB2. Using multiple methods we investigate whether inducing CIK cells with 

cannabidiol can enhance their cytotoxicity primarily on MM and PC in this study. 

The results of the CCK-8 and LDH cytotoxicity assay showed that CBD can 

affect the viability of PC and MM cells. These results confirm the antitumor 

potential of CBD against MM and PC, which was already reported by other 

studies. Interestingly, when CIK cells were co-cultured with MM or PC cells, a 

concentration-dependent inhibitory response (high concentration) was 

observed in these cells also via Flow Cytometry analysis. However, CBD (in low 

concentration) increased the cytotoxicity of CIK cells, which in turn negatively 

impacted the viability of pancreatic cancer cells. As CIK cell therapy is safe, 

introducing a low dose of pure cannabidiol particularly for the non-respondent 

patients may help to stimulate the cytotoxic function of CIK cells and increase 

the therapeutic response. Finally, we aimed to investigate the expression of 

Neuropilin proteins, NRP1 and NRP2, both originally discovered as neuronal 

adhesion molecules, on CIK cells at different stages of maturation. We analyzed 
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CIK cells at different time points via Flow Cytometry and quantitative real-time 

polymerase chain reaction qRT-PCR for neuropilins expression. Phenotyping 

results showed CIK cells having develop properly, and low levels of NRP2 were 

detected. On the other hand, no NRP1 was found. Recognizing NRP2 in CIK 

cells might help to improve CIK cells cytotoxicity.  
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