
Abstract. Background: Studies have revealed that cancer
might be treated with cannabinoids since they can influence
cancer cell survival. These findings suggest an alternative
treatment option to chemo- and radiotherapy, that are
associated with numerous adverse side-effects for the patients.
Materials and Methods: Viability staining was conducted on
lung cancer, testicular cancer and neuroblastoma cells treated
with different concentrations of the synthetic cannabinoid WIN
55,212-2 and the percentage of dead cells was compared.
Activity of apoptosis-related enzymes was investigated by the
presence of DNA ladder in gel electrophoresis. Results:
Treatment with different WIN 55,212-2 concentrations led to
a significant dose-dependent reduction of cell viability. A DNA
ladder was observed after WIN 55,212-2 treatment of
testicular cancer and lung cancer cells. Conclusion: The
application of WIN 55,212-2 was found to trigger cell death
in the investigated cell lines. The decline in lung cancer and
testicular cancer cell viability seems to have been caused by
apoptosis. These findings may contribute to development of
alternative cancer therapy strategies.

In today’s research, there is an increasing interest in the
curative properties of cannabinoids. Since the discovery of
the endocannabinoid system, a better understanding of the
function of endocannabinoids on the cellular level has been
established. In nerve cells, endocannabinoids are synthesized
post-synaptically and act at the presynapse via cannabinoid
Gi-coupled receptors (CBRs), thereby regulating a variety of
cellular processes (1). Beside endocannabinoids, there are
known 70 cannabinoids of the hemp plant Cannabis sativa
L. (2). In addition, there are several synthetic cannabinoids

available. One of them is the CB1 and CB2 receptor agonist
(R)-(+)-WIN 55,212-2 mesylate salt (WIN) (3). An
improvement of symptoms after intake of cannabinoids was
reported for several diseases. For instance, they can be used
to treat psychotic symptoms (4), epilepsy (5) and spasticity
as a symptom of multiple sclerosis (6). Additionally, the
successful treatment of pain was reported (7). Cannabinoids
are also important for the treatment of patients with cancer.
They can be useful during the therapy of patients who suffer
from anorexia as a consequence of chemotherapy for cancer
because cannabinoids have orexogenic as well as analgesic
effects, and reduce nausea (8). Furthermore, they can
modulate several properties, for instance adhesion, invasion,
migration and metastasis of cancer cells, as wells as tumor
neovascularization (9). Moreover, cannabinoids have the
potential to influence cancer cell survival directly. Beside the
inhibition of tumor cell proliferation the induction of
apoptosis was observed in some cell types by several
working groups. Beneficial effects were demonstrated in
breast, skin, pancreatic, bone, oral, thyroid, prostate and lung
cancer, lymphomas and gliomas after application of different
cannabinoids (10-12). However, it is not possible to clearly
summarize the effects of cannabinoids on cancer cells, due
to a lack of functional understanding at the cellular level. 

Cancer is a severe disease that still causes many deaths
every year. Therefore, it is important to conduct further
research in this area because besides radio- and
chemotherapy, which have severe side-effects (13, 14), there
are practically no other known alternative treatment options. 

In this study, the effect of the synthetic cannabinoid WIN
on the cell viability of different cancer cell lines was
investigated. Beside the A549 lung cancer cell line, a newly
established testis tumor cell line, HoTu-10, and the
neuroblastoma cell line IMR-5 were investigated. In
particular, lung cancer leads to many deaths in Germany,
where it is the most frequent cancer-related cause of death
in males, while it is ranked third in females (15). Testicular
tumors are relatively curable but are common neoplasia in
younger men aged between 15-39 years (16). For such young
patients who are often well into their reproductive phase,
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radio- and chemotherapy treatment are a burden due to their
risk of inducing infertility. Thus, alternative cancer therapy
approaches for these patients are desirable. Therefore, the
cell viability and the induction of apoptosis after application
of the synthetic cannabinoid WIN were investigated in lung
cancer, testicular cancer and neuroblastoma cell lines. 

Materials and Methods

Cell culture and treatment. The A549 lung carcinoma cell line (Cell
Line Services, Eppelheim, Germany) and the HoTu-10 testicular
non-seminomatous germ cell cancer cell line (established by G.
Belge, University of Bremen, Germany) were cultured in TC 199
medium with Earle’s salts supplemented with 20% fetal bovine
serum, 200 IU/ml penicillin and 200 μg/ml streptomycin. The IMR-
5 neuroblastoma cell line (Cell Line Services) was cultured in RPMI
1640 medium with Earle’s salts supplemented with 10% fetal
bovine serum, 200 IU/ml penicillin and 200 μg/ml streptomycin. All
cells were incubated at 37˚C in an atmosphere of 5% CO2. For cell
viability staining and DNA isolation, confluent cells were
trypsinized (trypsin/EDTA solution 0.05%/0.02% w/v Ca2+;
Biochrom, Berlin, Germany) and plated onto 6-well-plates
(coverslips) and incubated in their respective culture medium.

Cell growth curve and toxicity test. Cells of each cell line were
cultured and counted at 24 h intervals for 7-day period. The
information about the growth behavior, especially the point of ideal
cell growth was necessary for treatment of the cells with the
synthetic cannabinoid WIN (Sigma-Aldrich, Munich, Germany). In
order to determine the optimal solvent for WIN application, a
solvent toxicity test was performed. Each cell line was cultured on
a 12 well-plate. The wells were treated either with ethanol (70%),
HCl (0.1%) or Tween 80 (0.1%). Ethanol led to the lowest
cytotoxicity and was accordingly used as a solvent for the WIN
during the experiments.

Trypan blue cell viability staining. The cells were seeded on 12-well-
plates at 15×104 cells/well. WIN was applied when the cells were
confluent: the medium was removed and new medium with final WIN
concentration of 5, 10 or 20 μM was added to the cells. Cells treated
with the same amount of ethanol were used as controls. Therefore,
the amount of used medium, WIN and ethanol for the specific WIN
concentration was equal for each respective well and plate.
Subsequently, the treated cells were incubated at 37˚C and with 5%
CO2 for 48 h for the cell viability test. Afterwards, for trypan blue
staining process, the medium of each well was removed, cell layers
were washed with phosphate-buffered saline (PBS) (Biochrom,
Berlin, Germany) and trypsinized. The detached cells of each well
were resuspended and centrifuged for 10 min at 100 × g. The pellets
were dissolved in 400 μl PBS and 200 μl trypan blue (0.4%, Sigma-
Aldrich, Munich, Germany) was added. This solution was incubated
at room temperature for 5 min. Finally, the dyed cells were counted
in a microscope using a hemocytometer.

DNA isolation and laddering verification. For the verification of
apoptosis by detection of DNA laddering, cells were seeded on 6
well plates at 2×105 cells/well. The cells were treated with 20 μM
WIN for 72 h at 37˚C and in 5% CO2 and afterwards dissociated by
use of trypsin as above. All wells of the plate treated with the same

WIN concentration were transferred to a centrifuge tube and all
control wells were transferred to another. Thereupon, the cell DNA
was isolated using QIAMP DNA mini kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions.
Subsequently, the concentration of DNA samples was then measured
in a biophotometer (Eppendorf, Hamburg, Germany). Gel
electrophoresis was performed with 2% agarose gel with 4 μg
ethidium bromide and 1 μg to 6 μg DNA sample. The amount of
DNA used was equal for samples treated with WIN and samples
treated with ethanol. Moreover, 1 kb DNA Ladder Plus (Thermo
Fisher Scientific, Schwerte, Germany) was applied to at least one
slot of the gel. Agarose gel electrophoresis was performed for 120
min at 90 V. The gel was imaged using a gel documentation system
and edited with ArgusX1 software (Biostep, Burkhardtsdorf,
Germany)

Statistical analysis. Data are presented either as mean±standard
deviation or as median with interquartile range. The two-sided
Mann–Whitney U-test was employed to detect differences between
subgroups. A significant difference was assumed at values of
p<0.05. The statistical analysis was carried out with SPSS v24
(IBM, Armonk, NY, USA).

Results
The A549, HoTu-10 and IMR-5 cells were treated with 5 μM,
10 μM and 20 μM of WIN, as well as with ethanol as a
control. In all three cell lines, the controls displayed the
lowest amount of cell death, while higher concentrations of
WIN caused more cells to die in a dose-dependent manner,
except for IMR-5 cells treated with 5 μM WIN, which
displayed a higher percentage of dead cells than the cells
treated with 10 μM WIN (Figure 1). 

For statistical analysis, the sample number was increased
(Figure 2). Treatment with 10 μM WIN resulted in
significantly more dead cells for all three cell lines
(p<0.0001 each) compared to the controls. In HoTu-10 and
IMR-5 cells, the difference was also significant between
controls and cells treated with 20 μM WIN (both p<0.0001),
and between 10 μM and 20 μM WIN-treated cells (p=0.004
for HoTu-10 and p=0.02 for IMR-5).

Treatment with 20 μM WIN caused a decay of genomic
DNA into fragments of approximately 180 base pairs length
in A549 and HoTu-10 cells (Figure 3). This DNA laddering
was only visible using high DNA amounts (6 μg) and was
neither observed in the A549 or HoTu-10 controls, nor in the
IMR-5 cells treated with 20 μM of WIN.

Discussion

Cannabinoids are known to influence several cellular
processes in tumor cell lines of various cancer types. One
promising observation is the induction of cancer cell death.
This effect on cell survival might be useful to introduce an
alternative treatment for patients with cancer. There are
several studies concerning the effects of cannabinoids on the
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A549 lung cancer cell line. For example, Δ9-tetrahy-
drocannabinol (THC) inhibited the migration of A549 cells
(17). Moreover, WIN, and the CBR agonist JWH-133
reduced the size of lung metastases in vivo (18). Furthermore,
cannabidiol was shown to reduce cell viability of A549
associated with apoptosis (19). Exposure to THC also reduced
cell viability of A549 lung cancer cells (20). Effects of
cannabinoids on testicular cancer cell lines have not been
described before. For neuroblastoma cell lines, there are few
investigations concerning the effects of cannabinoids.
Apoptotic effects and a decrease in cell viability in vitro in
neurons and neuroblastoma cell lines after the addition of
different cannabinoids were reported (21). However, the
effect of the mixed CBR agonist WIN on the IMR-5
neuroblastoma cell line had not previously been investigated. 

Here, we demonstrate for the first time a dose-dependent
reduction of the viability of the A549 lung cancer cell line,
the HoTu-10 testicular cancer cell line and the IMR-5
neuroblastoma cell line after administration of different
concentrations of WIN. For an initial exploration of efficient
doses, several concentrations that were reported to be
effective against other cell lines were applied to these cells.
Even though the sample size was small, a dose-dependent
effect was observed. An increase in the mean percentage of
cell death was found for increasing WIN concentrations in all
cell lines. Two exceptions were observed. Firstly, no increase
in cell death was reported from 10 μM to 20 μM WIN-treated
A549 cells. Likewise, Sarafian and colleagues were unable to
detect a decrease in A549 cell viability when treating these
cells with similar concentrations of the phytocannabinoid

THC (20). This suggests that an increase in cannabinoid
concentration from 10 μM to 20 μM has little effect on A549
cell viability. Secondly, more of the IMR-5 cells treated with
5 μM WIN died compared to cells treated with 10 μM WIN.
This might be due to the fact that the large standard deviation
shows the mean could not be reliable calculated out of three
samples for the 5 μM WIN concentration. To further
investigate the suggested dose-dependent effects, treatment
with 10 and 20 μM WIN was repeated to obtain a larger
sample size. This resulted in significantly more dead A549
cells after application of 10 μM WIN in comparison to the
control group. Moreover, it was described for the first time
that the application of WIN to the HoTu-10 and IMR-5 cell
lines revealed a significant effect on their cell viability. While
the mean percentage of cell death increased after 10 μM WIN
treatment in comparison to the control, the effect was even
greater when the cells were treated with 20 μM WIN. 

We then carried out further investigations to identify
which signaling pathways were involved in the WIN-induced
death of the cells. Traditionally, two major principles of cell
death, necrosis and apoptosis, can be distinguished. While
necrosis is characterized as unregulated cell death, apoptosis
is commonly considered as programmed cell death (22).
Sarfaraz et al. suggested that the decline in cell viability of
LNCaP prostate cancer cells after WIN application was
associated to the induction of apoptosis (23). In this study,
the mechanism of cell death in the cell lines was assessed by
DNA fragmentation after addition of WIN. Normally, the
induction of apoptosis would lead to caspase-3 activation
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Figure 1. Percentage of dead cells after treatment of A549, HoTu-10
and IMR-5 cells with different doses of (R)-(+)-WIN 55,212-2 mesylate
salt (WIN). Data are the mean±standard deviation (n=3).

Figure 2. Boxplots of the percentage of dead A549, HoTu-10 or IMR-5
cells after treatment with (R)-(+)-WIN 55,212-2 mesylate salt (WIN).
All n=9, except n=10 for HoTu-10 cells at 20 μM concentration and
n=11 for IMR-5 cells at 10 μM. Significant differences between
subgroups at *p<0.05; **p<0.01; ***p<0.001.



which cleaves the inhibitor of caspase-activated DNase
(CAD) from CAD. Consequently, CAD is activated and cuts
DNA into fragments of multiples of 180 base pairs (24).
Such a pattern of DNA fragments is a characteristic hallmark
of apoptosis. DNA fragments with a length of 180 base pairs
and multiples thereof were detected in A549 and HoTu-10
DNA. This suggests that the observed decline in cell
viability after WIN treatment can be explained by the
induction of apoptosis. Nevertheless, this ladder structure
was not observed after WIN treatment of IMR-5 cells. This
might be due to the fact that this cell type did not show CAD
activity during apoptosis as Yuste et al. already reported
(25). However, this does not exclude the possibility that
apoptosis is also induced in this cell line after exposure to
WIN. Therefore, the underlying mechanism that led to the
decline in cell viability in IMR-5 cells remains unclear and
needs to be investigated. For A549 and HoTu-10 cells,
apoptosis seems to be involved in the WIN-induced
reduction of cancer cell viability.

To summarize, cannabinoids can restrict the survival of
various cell types in vitro. Moreover, for some cancer types
the efficiency of cannabinoids was already proven in in
vivo models, indicating possible future application in
cancer therapy. Here we demonstrated that treatment with
the synthetic CBR mixed agonist WIN results in death of
lung cancer, testicular tumor and neuroblastoma cells.
Furthermore, apoptosis was confirmed as the mechanism of
cell death in lung and testicular tumor cells. Further
research should clarify the underlying mechanisms of cell
death in the IMR-5 cell line. Overall it can be concluded
that lung cancer, testicular cancer and neuroblastoma can
be added to the growing list of tumors susceptible to
cannabinoid therapy.
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Figure 3. Agarose gel electrophoresis of DNA from A549 (A) and HoTu-10 (B) cells treated with 20 μM (R)-(+)-WIN 55,212-2 mesylate salt (WIN)
and the according controls. In both parts, 6 μg DNA from treated cells (lane 1), 1 μg DNA from treated cells (lane 2), 6 μg DNA from control cells
(lane 3), 1 μg DNA from control cells (lane 4) and a molecular weight marker (lane 5) were used. Arrows indicate the ladder pattern. No DNA-
ladder pattern was visible on treatment of I MR-5 cells with WIN (data not shown). 
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