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Aim: Cannabinoids (CB) like A°-tetrahydrocannabinol (THC) can induce cancer cell apoptosis and inhibit
angiogenesis. However, the use of cannabinoids for the treatment of malignant diseases is discussed
controversially because of their immunomodulatory effects which can suppress anti-tumor immunity. Here
we investigated the role of exogenous and endogenous cannabinoids in mouse skin cancer.

Main methods: First we examined the effect of THC, which binds to CB receptors (CB1, CB2), on the growth of the
mouse melanoma cell lines B16 and HCmel12 in vitro and in vivo in wild type (WT) and CB1/CB2-receptor
deficient mice (Cnr1/27/7). Next we evaluated the role of the endogenous cannabinoid system by studying
the growth of chemically induced melanomas, fibrosarcoma and papillomas in WT and Cnr1/2~/~ mice.

Skin cancer Key findings: THC significantly inhibited tumor growth of transplanted HCmel12 melanomas in a CB receptor-
Melanoma dependent manner in vivo through antagonistic effects on its characteristic pro-inflammatory microenvironment.
Inflammation Chemically induced skin tumors developed in a similar manner in Cnr1/2~/~ mice when compared to WT mice.
Significance: Our results confirm the value of exogenous cannabinoids for the treatment of melanoma but do not

support a role for the endogenous cannabinoid system in the pathogenesis of skin cancer.
© 2015 Published by Elsevier Inc.
1. Introduction immunosuppressive potential, a tumor promoting effect of cannabi-

The endogenous cannabinoid system (ECS) consists of specific
G-protein coupled receptors (CB1, CB2), their lipid ligands
(endocannabinoids) and the enzymes for their synthesis and degrada-
tion. The ECS has a protective physiologic role in the central nervous
system (CNS) by adjusting synaptic inputs and limiting excessive neu-
ronal activity [21]. It has also been shown to participate in the downreg-
ulation of inflammatory immune responses using in vivo in models
for atherosclerosis, inflammatory bowel disease (chemically induced
colitis) and contact allergic inflammation [17,22,29].

In the last years, many studies have explored the therapeutic use of
exogenous cannabinoids (CB) like A%-tetrahydrocannabinol (THC) or
the pharmacological modulation of the endocannabinoid system for
the treatment of malignant tumors. Using different in vitro and in vivo
models for glioblastoma multiforme [13], thyroid carcinoma [2] and
breast cancer [14] it has been demonstrated that cannabinoids are able
to inhibit tumor growth. They exert their anti-tumor effects in part by
directly acting on cancer cells, thereby affecting cell proliferation or pro-
grammed cell death [6]. Additionally, cannabinoids are able to modulate
tumor progression through their effects on neo-angiogenesis [4], cell
migration and the immune system [27]. Nevertheless, due to their
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noids has also been described. In an experimental mouse model of
lung cancer the chronic application of the CB1/CB2 receptor agonist
THC leads to an increased tumor growth in vivo [36]. Similar results
were found in a model for breast cancer [25].

Cannabinoids and the endogenous cannabinoid system also regulate
immune responses and tumor growth in the skin. For example, the ECS
attenuates cutaneous allergic inflammation [17] and promotes epider-
mal barrier functions [12]. Using synthetic CB receptor ligands like
WIN-55,212-2 it has been shown that cannabinoid receptors are
involved in the growth regulation of subcutaneously inoculated mela-
noma and basal cell carcinoma cell lines in wild type and nude mice
[3,7]. To further study the role of cannabinoids and the ECS in the skin,
we examined the effect of systemically applied THC on the growth of
transplantable melanoma cell lines in wild type and CB1/CB2-receptor
deficient animals (Cnr1/2 /7). Additionally, we investigated the patho-
genesis of chemically induced fibrosarcomas, papillomas and melano-
mas in Cnr1/2~/~ mice.

2. Materials and methods
2.1. Animals

CB1 receptor-deficient (Cnr1=/~) and CB2 receptor-deficient
(Cnr27/~) animals have been previously described [5,37]. CB1/CB2-
receptor-deficient mice (Cnr1/2~/~) and their wild type (WT) controls
were bred at our animal facility. Hgf-Cdk4®?4¢ mice were bred as de-
scribed previously [30]. All mice were maintained on the C57BL/6

10.1016/}.1fs.2015.04.003

Please cite this article as: N. Glodde, et al., Differential role of cannabinoids in the pathogenesis of skin cancer, Life Sci (2015), http://dx.doi.org/




Q3
81
82
83
84
85
86

87

88
89
90
91

92

93
94
95
96
97
98
99

100

101
102
103
104
105

106

107
108
109
110
111
112
113
114
115
116

117

118
119
120
121
122
123
124
125
126

127

128
129
130
131
132

2 N. Glodde et al. / Life Sciences xxx (2015) Xxx-Xxx

background. Cnr1/2~/~ mice were crossed into the Hgf-Cdk4®?4“ mela-
noma mouse model to generate mice with a dark skin phenotype which
develop CB1 and CB2 receptor-deficient melanomas. All experiments
were conducted according to the institutional and national guidelines
for the care and use of laboratory animals and were approved by the
local government authorities (Landesamt fiir Natur, Umwelt und
Verbraucherschutz Nordrhein-Westfalen, Germany).

2.2. Reagents

A9-Tetrahydrocannabinol ethanol solution (THC), 7,12-
dimethylbenz(a)anthracene (DMBA), 12-O-tetradecanoylphorbol-13-
acetate (TPA) and 3-methylcholanthrene (MCA) were purchased from
Sigma-Aldrich.

2.3. Cell culture

The melanoma cell line HCmel12 was established from a primary
DMBA-induced HGF-CDK4%?4¢ melanoma [1]. HCmel12 and B16 mela-
noma cells were routinely cultured in RPMI 1640 medium (Life Technol-
ogies) supplemented with 10% FCS (Biochrome), 2 mM L-glutamine,
10 mM non-essential amino acids, 1 mM Hepes (all from Life Technolo-
gies), 20 uM 2-mercaptoethanol (Sigma), 100 IU/ml penicillin and
100 pg/ml streptomycin (Invitrogen).

2.4. In vitro effects of THC on melanoma cell growth

B16 and HCmel12 cells were cultured as described and seeded in
6 well plates (1 x 10* cells/well). THC was diluted in ethanol/
chremophor/medium (1:1:18) and added in various concentrations
(5 uM, 10 uM). Control cells were treated with vehicle only. Cell
growth was documented by counting cells after 24 h, 48 h and 72 h.

2.5. RT-PCR

Cells were harvested and immediately snap-frozen in liquid nitrogen.
Total RNA was isolated using Nucleospin RNA II kit (Macherey-Nagel)
and was reverse-transcribed using Superscript IIl (Invitrogen). Quantita-
tive PCR was performed using 3 pg cDNA and Fast SYBR Green Master
Mix (ABI). Relative gene expression was calculated using the 2-dCt meth-
od. Sequences of primers from 5’ to 3': CB1 TCCTCTACGTGGGCTCAAATGA
CA (forward), GTGTCTCCTGCTGGAACCAACGG (reverse), CB2 TGGTGCTG
GCTGTGCTG (forward), TAACAAGGCACAGCATGGAA (reverse), UbiC
AGGCAAGACCATCACCTTGGACG (forward), and CCATCACACCCAAGAACA
AGCACA (reverse).

2.6. Transplantable melanoma model

1 x 10° B16 or HCmel12 melanoma cells were injected intracutane-
ously (i.c.) into the flanks of WT and Cnr1/2~/~ animals. THC was
diluted as described and mice received daily subcutaneous (s.c.)
injections (5 mg/kg body weight). Control mice received the appropri-
ate vehicle solution only. Tumor development was monitored by
inspection and palpation. Tumor sizes were measured and recorded as
0.5 x length x width x 0.5 x (length + width). Mice with tumors
exceeding 500 mm? were sacrificed. All experiments were performed
in groups of five mice and repeated independently at least twice.

2.7. Methylcholanthrene-induced skin carcinogenesis

WT and Cnr1/2~/~ mice were inoculated s.c. in the hind flank with
100 pg of 3-methylcholanthrene (MCA) in 0.1 ml of olive oil. Develop-
ment of fibrosarcomas was monitored periodically over the course of
100-200 days. Tumors >2 mm in diameter and demonstrating progres-
sive growth were recorded as positive.

2.8. DMBA/TPA-induced papillomas

8-10 week old WT and Cnr1/2~/~ mice were treated once with
100 nmol DMBA in 200 pl acetone on the shaved back skin. Seven
days later treatment with 10 nmol TPA in 200 pl acetone was initiated
and TPA was applied topically twice per week. Incidence was calculated
and numbers of papillomas per mouse were counted.

2.9. DMBA-induced primary melanomas

8-10 week old Hgf-Cdk4®?4C or Hgf-Cdk4R?4¢ x Cnr1/2~/~ mice
were shaved on the back and treated locally with 100 nmol DMBA solved
in 200 pl acetone to accelerate and synchronize melanomagenesis.
Tumor development was monitored by inspection and palpation.
When progressively growing tumors exceeded 2 mm in diameter, they
were considered as melanomas. Incidence was calculated and numbers
of melanomas per mouse were counted.

Mice with melanomas larger than 10 mm in diameter were
sacrificed.

2.10. Flow cytometry

Hcmel12 melanomas were dissociated mechanically before incuba-
tion in 1 mg/ml collagenase D + 0.02 mg/ml DNAsel (Roche, Germany)
in PBS containing 5% FBS (Biochrom, Germany) for 30 min at 37 °C.
Staining was performed with the fluorochrome-conjugated antibodies
against CD45, CD11b and Gr-1 (BD Biosciences). Gr1- and CD11b-
positive cells were analyzed in the CD45 + gate. Fluorescence was
measured with a FACSCanto flow cytometer system and data analyzed
with Flow]o software.

2.11. Statistical analyses

Statistically significant differences were calculated with Student's t
test using SPSS 12 software and two-tailed p values are given as follows:
*p<0.05 and **p < 0.01.

3. Results
3.1. Effect of THC on melanoma cell growth in vitro

Previous studies described that cannabinoids are able to inhibit or
promote the growth of various melanoma cell lines in vitro [15,16].
Based on these contradictory findings we evaluated the effect of the
plant-derived cannabinoid THC, which binds to both known CB recep-
tors, on the growth of the murine melanoma cell lines HCmel12 and
B16. As shown in Fig. 1A, CB1 and CB2 receptors can be detected on
these cell lines, even though their expression levels are relatively low.
Melanoma cells were cultured in the presence of 5 uM or 10 uM THC.
Viable cells were counted after 24 h, 48 h and 72 h using the trypan
blue dye exclusion assay. The treatment with THC had no effect on cell
proliferation of HCmel12 or B16 cells in vitro (Fig. 1B)

3.2. Effect of THC on melanoma cell growth in the transplantable tumor
model

In a next set of experiments we evaluated the effect of THC on the
growth of HCmel12 or B16 cells in vivo. HCmel12 or B16 melanoma
cells were injected subcutaneously into the flanks of wild type animals.
Additionally, mice received daily injections of THC or were treated with
vehicle only (Fig. 2A). Independent of the treatment with THC, HCmel12
melanoma bearing mice developed palpable tumors after 11 days. After
an average of 25 days vehicle-treated mice were sacrificed since
melanomas reached a volume of 500 mm?. In contrast, THC treatment
significantly reduced the growth of HCmel12 melanomas in vivo with
tumors only reaching 250 mm?3 after 25 days (Fig. 2B, top). The growth
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Fig. 1. THC does not inhibit the growth of melanoma cell lines in vitro. (A) Expression of
CB1 and CB2 receptors in HCmel12 (HC) and B16 melanoma cell lines as measured by
quantitative PCR. Spleen (S) and brain (B) tissue were used as a positive control.
(B) HCmel12 (top) and B16 (bottom) melanoma cell lines were cultured in 1 x 10%
cells/well. THC was added in various concentrations (5 pM, 10 uM), and control cells
were treated with vehicle only. Viable cells were counted at the indicated time points.

of B16 melanomas was not affected through the systemic application of
THC (Fig. 2B, bottom).

It has been reported previously that the in vivo effects of THC are in
part independent of CB1- or CB2 receptors [11,28,32]. To evaluate CB
receptor independent effects of THC, experiments with HCmel12 cells
were repeated in mice lacking CB1- and CB2 receptors (Cnr1/2~/7) in
comparison to wild type animals. As shown in Fig. 2C there was no
significant difference in the growth kinetics of HCmel12 melanomas in
wild type or Cnr1/2~/~ animals treated with THC pointing to a CB
receptor dependent effect.

Since THC did not influence the growth of melanoma cells in vitro we
hypothesized that the inhibitory effect on the transplantable tumor
model may be due to effects on the interaction with immune cells
and/or effects on tumor angiogenesis. Flow cytometric analyses of
HCmel12 melanomas from THC-treated animals revealed a reduced
infiltration of melanomas with CD45 + immune cells. CD45 + cells
largely consist of myeloid derived macrophages and neutrophils. Both
populations were significantly reduced in tumors of THC treated
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Fig. 2. THC inhibits growth of HCmel12 melanomas and decreases inflammatory immune
cell infiltrates in the tumor microenvironment in vivo. (A) Experimental protocol:
HCmel12 or B16 melanoma cells were injected into mice. THC was applied daily, and
controls received vehicle only. Tumor growth was monitored over time. (B) Growth of
HCmel12 (top) and B16 (bottom) melanoma cell lines in wild type (WT) animals.
Representative pictures of HCmel12 tumor growth + THC are shown. (C) Growth of
HCmel12 in CB1 and CB2 receptor-deficient animals (Cnr1/2~/~). Shown is the tumor
volume in the indicated groups measured over time (4 SEM). Similar results were
obtained in three independent experiments. *p < 0.05; **p < 0.01.
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animals in comparison to controls (Fig. 3A). In contrast, the density of
blood vessels was not significantly affected (Fig. 3B).

3.3. Role of the endogenous cannabinoid system on the growth of chemical-
ly induced skin tumors

To evaluate if the endogenous cannabinoid system inhibits or
promotes the development of skin tumors we used three different
mouse chemical carcinogenesis models. For the induction of fibrosar-
comas, wild type and Cnr1/27/~ were inoculated once with 3-
methylcholanthrene subcutaneously. Then tumor growth at the site of
injection was monitored. As shown in Fig. 4A we did not find a signifi-
cant difference in the development of fibrosarcomas in WT and CB
receptor-deficient animals. In a next set of experiments we used the
two-stage DMBA-TPA model for the initiation and promotion of skin
papillomas. WT and Cnr1/2~/~ animals were treated once with DMBA
on the shaved back skin followed by TPA application twice a week.
Both strains developed papillomas and there was no difference in the
number of papillomas per mouse between WT and Cnr1/2™/~ animals
(Fig. 4B). To evaluate the impact of the ECS on the pathogenesis of
melanomas Cnr1/2~/~ animals were crossed with melanoma-prone
Hgf-Cdk4®?4C mice. Here, the development of melanomas can be
induced through a single epicutaneous application of DMBA [20,31].
8-10 week old Hgf-Cdk4®?* and Hgf-Cdk4®?4-Cnr1/27/~ were treated
on the shaved back skin and tumor development was monitored over
time. We found no difference in melanoma incidence or the number
of melanomas per mouse between the two strains (Fig. 4C). These
results indicate that the endogenous cannabinoid system does not
influence the development of chemically induced skin tumors.

f» 3.2%
ﬁ (B
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5 Ml 4
) o+ THC
£ %
= ©0 o 5
825 g Lzr-, 2
S L0
(@]
0 0
CD45+ CD11b+/CD11b+/
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Fig. 3. THC decreases inflammatory immune cells in the microenvironment of HCmel12
melanomas. (A) HCmel12 tumors were taken on day 25, digested to prepare single-cell
suspensions of the tissue, and stained with fluorescent Abs to identify infiltrating immune
cells. Top: Flow cytometric dot plots for Gr1 and CD11b on CD45+ immune cells in
tumors. Bottom: Analysis of infiltrating CD45 + immune cells and of tumor infiltrating
Gr1+/CD11b+ immune cells in the CD45 + gate (n = 10/group, + SEM). *p < 0.05.
(B) Representative immunohistochemical stains for the blood vessel marker MECA (red)
in HCmel12 tumors treated as indicated are shown. (For interpretation of the references
to color in this figure legend, the reader is referred to the online version of this chapter.)

4. Discussion

In this study, we first investigated the impact of the plant-derived
cannabinoid tetrahydrocannabinol (THC) on the growth of the mouse
melanoma cell lines HCmel12 and B16. We found that THC did not affect
the growth of both melanoma cell lines in vitro. This is in contrast to
publications of other groups who showed that the treatment with CB re-
ceptor agonists or antagonists influences the growth of tumor cells.
Blazquez et al. demonstrated that CB receptors are expressed on
human melanomas and melanoma cell lines and that THC as well as
the synthetic agonist WIN 55,212-2 reduced the number of viable
mouse and human melanoma cells in vitro in a CB receptor-dependent
manner [3]. WIN 55,212-2 also inhibited the growth of mouse tumori-
genic epidermal cell lines including PDV.C57 and HaCa4 cells [7]. One
explanation for the lack of THC effects in our melanoma cell lines may
be the very low expression levels of CB1 and CB2 receptors. McKallip
and colleagues reported that human and mouse breast cancer cell
lines, which do not express CB receptors, also did not respond to THC
treatment [25]. Here, transfection of CB receptors into our cell lines
might help to elucidate the role of direct cannabinoid receptor-
dependent effects of THC on melanoma cells.

In our transplantable mouse tumor model the systemic application
of THC significantly reduced the growth of HCmel12 melanomas when
compared to vehicle-treated controls. This effect was not observed in
mice lacking CB1 and CB2 receptors (Cnr1/2~/7). Since THC had no
direct effect on HCmel12 cell growth in vitro we hypothesized that it
might modulate melanoma growth in vivo indirectly through effects
on the tumor microenvironment. HCmel12 melanomas are character-
ized by the infiltration with pro-tumorigenic myeloid immune cells in
their microenvironment [1]. The immunomodulatory properties of
cannabinoids are well established. Depending on the cell type or the
experimental set-up they have been shown to exert inhibitory or stim-
ulatory effects on the immune system. THC affects the co-stimulatory
activity of macrophages [5] and inhibits the cytolytic potential of natural
killer cells [23]. Additionally, it suppresses the proliferation, signal
transduction and IL-2 production of T-cells in vitro [10,26] and inhibits
the development of Thl-cells [19]. Using the experimental mouse
model of contact hypersensitivity we recently demonstrated that the
systemic and topical application of THC attenuates contact allergic ear
swelling and limits the local infiltration of immune cells [11]. Oral
administration of THC also significantly reduced the recruitment of
macrophages in an established model of atherosclerosis [29]. In a similar
manner THC decreased the number of macrophages and neutrophils in
HCmel12 melanoma tissues in our experiments. Taken together, we
conclude from our results that THC antagonizes the infiltration of
pro-tumorigenic myeloid immune cells in the microenvironment of
HCmel12 melanomas that are known to drive their growth. The reduced
recruitment of inflammatory immune cells into Hcmel12 tumors might
result from a modified cytokine and chemokine expression pattern in
THC-treated animals. We showed that the administration of THC dimin-
ished the number of infiltrating myeloid immune cells during contact
allergic inflammation. This was due to the decreased production of
immune cell-recruiting pro-inflammatory chemokines including CCL2
and CCL8 [11]. In atherosclerosis THC inhibited the migration of
monocytes and macrophages through modulation of the CCL2 receptor,
CCR2 [29]. Furthermore, exogenous cannabinoids including THC are
also known to suppress immune responses in vivo and in vitro through
their ability to induce apoptosis in T- and B-lymphocytes or dendritic
cells [9,24].

Besides its impact on the immune system, THC may also affect tumor
angiogenesis. Casanova et al. demonstrated that the systemic applica-
tion of the synthetic CB agonists WIN 55,212-2 and JWH-133 signifi-
cantly inhibited the growth of subcutaneously inoculated melanoma
and basal cell carcinoma cell lines in wild type and nude mice. This effect
was due to a reduced expression of pro-angiogenic factors and a
decrease in blood vessel size in tumor tissue. Similar results were

10.1016/j.1fs.2015.04.003

Please cite this article as: N. Glodde, et al,, Differential role of cannabinoids in the pathogenesis of skin cancer, Life Sci (2015), http://dx.doi.org/

232

233
234
235
236
237
Q4
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296



298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316

N. Glodde et al. / Life Sciences xxx (2015) Xxx-XxX

m WT o Cnri/2+
100

75
50
25
i /? 50 100

MCA

Incidence (%)

K3

1£I30 260 days

m WT o Cnri/2+

100
75
50
25
0 5 T
T

Incidence (%)

=

papillomas / mouse
e

o (6] o [6)]
o611 I

50 10 150 200 days

DMBA TPA 2x/week

®m HGF x Cdk4Re«C
O HGF x Cdk4R24C x Cnri/2+

100
75
50

25
0

Incidence (%)

:

melanomas / mouse

0 50

/I\

DMBA

100 150 200 days

7

50 100 150 200 days

TPA 2x/week

10
0
'% 50 100 150 200 days

DMBA

Fig. 4. The endogenous cannabinoid system has no effect on the pathogenesis of chemically induced skin tumors in vivo. (A) Methylcholanthrene was inoculated s.c. into wild type (WT)
and CB1/CB2 receptor deficient mice (Cnr1/2~/~). Shown is the percentage of mice with fibrosarcomas over time (n = 20 mice/group). (B) Cohorts of 8-10 weeks old WT and Cnr1/2~/~
mice were treated once with 100 nmol DMBA followed by treatment with 10 nmol TPA twice a week. Left: Shown is the percentage of papilloma-bearing mice over time. Right: Shown is
the average number of papillomas developing in the different cohorts of mice over time. Scoring was performed on a weekly basis (n = 20 mice/group). (C) Cohorts of 8-10 weeks old
HgfxCdk4®?4€ and HgfxCdk4R?4C Cnr1/2~/~ mice were treated once with 100 nM DMBA. Left: Shown is the percentage of melanoma-bearing mice over time. Right: Shown is the average
number of melanomas developing in the different cohorts of mice over time. Scoring was performed on a weekly basis (n = 20 mice/group).

obtained using JWH-133 for the treatment of s.c. inoculated rat glioma
cells [4,7]. In our model we could not observe a clear anti-angiogenic
effect of THC.

We also showed for the first time that the absence of CB1 and CB2
receptors did not affect the development of chemically induced skin
tumors, including fibrosarcomas, papillomas and melanomas. To our
knowledge there is only one publication working with Cnr1/2~/~
mice to evaluate the role of the endogenous cannabinoid system
for the pathogenesis of epithelial skin tumors. Here, a two-stage
carcinogenesis model using DMBA and repeated UVB irradiation was
established to create an inflammatory milieu in the skin which
promotes the growth of papillomas. Interestingly, CB1/2 receptor
deficient animals had reduced signs of UV-induced inflammation and
developed less papillomas in comparison to wild type mice [35]. In
another autochthonous mouse model, the role of the endogenous
cannabinoid system for the pathogenesis of colorectal cancer has been
studied. Here the genetic deletion of CB1 receptors accelerated the
growth of intestinal adenomas in Apc™™* mice whereas the pharma-
cological activation of CB1 receptors attenuated tumor growth [34]. In
humans the development of adenomas and colorectal cancer is often

associated with chronic intestinal inflammation [33]. After treatment
with pro-inflammatory agents Cnr1~/~ mice show increased signs of
colonic inflammation suggesting a protective role of CB1 receptors
against colonic inflammation [22,8]. Surprisingly, we did not find a
difference between CB receptor deficient mice and wild type animals in
our tumor model. It is possible that both the nature of the stimulus and

the stimulated cell types in different tissues are crucial in determining :

the effects of the endogenous cannabinoid system on tumorigenesis.
5. Conclusion

In conclusion, our studies suggest that the plant-derived CB receptor
agonist THC inhibits the growth of transplanted melanoma cells
through antagonistic effects on its characteristic pro-inflammatory
microenvironment. Using different in vivo models we provide evidence
that the endogenous cannabinoid system does not influence the growth
of chemically induced skin tumors. Our results provide new insights
into the potential role of natural or synthetic CB receptor agonists in
the treatment of cancer types characterized by a protumorigenic
inflammatory microenvironment.

10.1016/}.1fs.2015.04.003

Please cite this article as: N. Glodde, et al., Differential role of cannabinoids in the pathogenesis of skin cancer, Life Sci (2015), http://dx.doi.org/

318

325

326
327
328
329
330
331
Q7
333
334



335

336

Q6

338

339

340
Q5
342
343
344

345

346

N. Glodde et al. / Life Sciences xxx (2015) Xxx-Xxx

Conflict of interest statement

The authors declare no conflict of interests.

Uncited reference

(18]

Acknowledgments

This work was supported by the German Research Council in the
Research Unit 926 (SP 7 to T.T.) and the University of Bonn Medical
Faculty BONFOR program (to E.G.). We thank Andreas and Anne
Zimmer at the Institute of Molecular Psychiatry, University of Bonn,
for providing Cnr1/2~/~ mice.

References

(1]

2

3

[4

5

[6

(7

[8

[9

[10]

(1]

[12]

[13]

[14]

[15]

T. Bald, T. Quast, . Landsberg, M. Rogava, N. Glodde, D. Lopez-Ramos, J. Kohlmeyer, S.
Riesenberg, D. Boorn-Konijnenberg, C. Homig-Holzel, R. Reuten, B. Schadow, H.
Weighardt, D. Wenzel, 1. Helfrich, D. Schadendorf, W. Bloch, M.E. Bianchi, C.
Lugassy, R.L. Barnhill, M. Koch, B.K. Fleischmann, I. Forster, W. Kastenmuller, W.
Kolanus, M. Holzel, E. Gaffal, T. Tuting, Ultraviolet-radiation-induced inflammation
promotes angiotropism and metastasis in melanoma, Nature 507 (2014) 109-113.
M. Bifulco, C. Laezza, M. Valenti, A. Ligresti, G. Portella, M.V. Di, A new strategy to
block tumor growth by inhibiting endocannabinoid inactivation, FASEB J. 18
(2004) 1606-1608.

C. Blazquez, A. Carracedo, L. Barrado, P.J. Real, J.L. Fernandez-Luna, G. Velasco, M.
Malumbres, M. Guzman, Cannabinoid receptors as novel targets for the treatment
of melanoma, FASEB ]. 20 (2006) 2633-2635.

C. Blazquez, M.L. Casanova, A. Planas, P.T. Gomez del, C. Villanueva, M. Fernandez-
Acenero, J. Aragones, ].W. Huffman, ].L. Jorcano, M. Guzman, Inhibition of tumor
angiogenesis by cannabinoids, FASEB J. 17 (2003) 529-531.

N.E. Buckley, K.L. McCoy, E. Mezey, T. Bonner, A. Zimmer, C.C. Felder, M. Glass, A.
Zimmer, Inmunomodulation by cannabinoids is absent in mice deficient for the
cannabinoid CB(2) receptor, Eur. J. Pharmacol. 396 (2000) 141-149.

A. Carracedo, M. Lorente, A. Egia, C. Blazquez, S. Garcia, V. Giroux, C. Malicet, R.
Villuendas, M. Gironella, L. Gonzalez-Feria, M.A. Piris, ].L. lovanna, M. Guzman, G.
Velasco, The stress-regulated protein p8 mediates cannabinoid-induced apoptosis
of tumor cells, Cancer Cell 9 (2006) 301-312.

M.L. Casanova, C. Blazquez, ]. Martinez-Palacio, C. Villanueva, M.J. Fernandez-
Acenero, ].W. Huffman, J.L. Jorcano, M. Guzman, Inhibition of skin tumor growth
and angiogenesis in vivo by activation of cannabinoid receptors, J. Clin. Invest. 111
(2003) 43-50.

V. DiM, AAA. Izzo, Endocannabinoid overactivity and intestinal inflammation, Gut 55
(2006) 1373-1376.

Y. Do, RJ. McKallip, M. Nagarkatti, P.S. Nagarkatti, Activation through cannabinoid
receptors 1 and 2 on dendritic cells triggers NF-kappaB-dependent apoptosis:
novel role for endogenous and exogenous cannabinoids in immunoregulation, J.
Immunol. 173 (2004) 2373-2382.

B.L. Faubert Kaplan, N.E. Kaminski, Cannabinoids inhibit the activation of ERK MAPK
in PMA/lo-stimulated mouse splenocytes, Int. Immunopharmacol. 3 (2003)
1503-1510.

E. Gaffal, M. Cron, N. Glodde, T. Tuting, Anti-inflammatory activity of topical THC in
DNFB-mediated mouse allergic contact dermatitis independent of CB1 and CB2
receptors, Allergy 68 (2013) 994-1000.

E. Gaffal, N. Glodde, M. Jakobs, T. Bald, T. Tuting, Cannabinoid 1 receptors in
keratinocytes attenuate fluorescein isothiocyanate-induced mouse atopic-like
dermatitis, Exp. Dermatol. 23 (2014) 401-406.

I. Galve-Roperh, C. Sanchez, M.L. Cortes, P.T. Gomez del, M. Izquierdo, M. Guzman,
Anti-tumoral action of cannabinoids: involvement of sustained ceramide accumulation
and extracellular signal-regulated kinase activation, Nat. Med. 6 (2000) 313-319.

C. Grimaldi, S. Pisanti, C. Laezza, A.M. Malfitano, A. Santoro, M. Vitale, M.G. Caruso,
M. Notarnicola, I. lacuzzo, G. Portella, V. Di M, M. Bifulco, Anandamide inhibits
adhesion and migration of breast cancer cells, Exp. Cell Res. 312 (2006) 363-373.
M. Guzman, Cannabinoids: potential anticancer agents, Nat. Rev. Cancer 3 (2003)
745-755.

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

S. Hart, O.M. Fischer, A. Ullrich, Cannabinoids induce cancer cell proliferation via
tumor necrosis factor alpha-converting enzyme (TACE/ADAM17)-mediated
transactivation of the epidermal growth factor receptor, Cancer Res. 64 (2004)
1943-1950.

M. Karsak, E. Gaffal, R. Date, L. Wang-Eckhardyt, J. Rehnelt, S. Petrosino, K. Starowicz,
R. Steuder, E. Schlicker, B. Cravatt, R. Mechoulam, R. Buettner, S. Werner, M.V. Di, T.
Tuting, A. Zimmer, Attenuation of allergic contact dermatitis through the
endocannabinoid system, Science 316 (2007) 1494-1497.

T.W. Klein, C.A. Newton, H. Friedman, Cannabinoids and the immune system, Pain
Res. Manag. 6 (2001) 95-101.

T.W. Klein, C. Newton, K. Larsen, J. Chou, L. Perkins, L. Lu, L. Nong, H. Friedman,
Cannabinoid receptors and T helper cells, J. Neuroimmunol. 147 (2004) 91-94.

J. Landsberg, J. Kohlmeyer, M. Renn, T. Bald, M. Rogava, M. Cron, M. Fatho, V.
Lennerz, T. Wolfel, M. Holzel, T. Tuting, Melanomas resist T-cell therapy through
inflammation-induced reversible dedifferentiation, Nature 490 (2012) 412-416.
G. Marsicano, S. Goodenough, K. Monory, H. Hermann, M. Eder, A. Cannich, S.C.
Azad, M.G. Cascio, S.0. Gutierrez, M. van der Stelt, M.L. Lopez-Rodriguez, E.
Casanova, G. Schutz, W. Zieglgansberger, M.V. Di, C. Behl, B. Lutz, CB1 cannabinoid
receptors and on-demand defense against excitotoxicity, Science 302 (2003) 84-88.
F. Massa, G. Marsicano, H. Hermann, A. Cannich, K. Monory, B.F. Cravatt, G.L. Ferri, A.
Sibaev, M. Storr, B. Lutz, The endogenous cannabinoid system protects against
colonic inflammation, J. Clin. Invest. 113 (2004) 1202-1209.

P. Massi, D. Fuzio, D. Vigano, P. Sacerdote, D. Parolaro, Relative involvement of
cannabinoid CB(1) and CB(2) receptors in the delta(9)-tetrahydrocannabinol-
induced inhibition of natural killer activity, Eur. ]. Pharmacol. 387 (2000) 343-347.
RJ. McKallip, C. Lombard, B.R. Martin, M. Nagarkatti, P.S. Nagarkatti, Delta(9)-
tetrahydrocannabinol-induced apoptosis in the thymus and spleen as a mechanism
of immunosuppression in vitro and in vivo, J. Pharmacol. Exp. Ther. 302 (2002)
451-465.

RJ. McKallip, M. Nagarkatti, P.S. Nagarkatti, Delta-9-tetrahydrocannabinol enhances
breast cancer growth and metastasis by suppression of the antitumor immune
response, J. Immunol. 174 (2005) 3281-3289.

Y. Nakano, S. Pross, H. Friedman, Contrasting effect of delta-9-tetrahydrocannabinol
on IL-2 activity in spleen and lymph node cells of mice of different ages, Life Sci. 52
(1993) 41-51.

S. Pisanti, M. Bifulco, Endocannabinoid system modulation in cancer biology and
therapy, Pharmacol. Res. 60 (2009) 107-116.

L. Ruiz, A. Miguel, I. Diaz-Laviada, Delta9-tetrahydrocannabinol induces apoptosis in
human prostate PC-3 cells via a receptor-independent mechanism, FEBS Lett. 458
(1999) 400-404.

S. Steffens, N.R. Veillard, C. Arnaud, G. Pelli, F. Burger, C. Staub, M. Karsak, A. Zimmer,
J.L. Frossard, F. Mach, Low dose oral cannabinoid therapy reduces progression of
atherosclerosis in mice, Nature 434 (2005) 782-786.

D. Tormo, A. Ferrer, P. Bosch, E. Gaffal, E. Basner-Tschakarjan, ]. Wenzel, T. Tuting,
Therapeutic efficacy of antigen-specific vaccination and toll-like receptor stimulation
against established transplanted and autochthonous melanoma in mice, Cancer Res.
66 (2006) 5427-5435.

D. Tormo, A. Ferrer, E. Gaffal, ]. Wenzel, E. Basner-Tschakarjan, J. Steitz, L.C.
Heukamp, I. Gutgemann, R. Buettner, M. Malumbres, M. Barbacid, G. Merlino, T.
Tuting, Rapid growth of invasive metastatic melanoma in carcinogen-treated
hepatocyte growth factor/scatter factor-transgenic mice carrying an oncogenic
CDK4 mutation, Am. J. Pathol. 169 (2006) 665-672.

A. Vaccani, P. Massi, A. Colombo, T. Rubino, D. Parolaro, Cannabidiol inhibits human
glioma cell migration through a cannabinoid receptor-independent mechanism, Br.
J. Pharmacol. 144 (2005) 1032-1036.

MJ. Waldner, S. Wirtz, A. Jefremow, M. Warntjen, C. Neufert, R. Atreya, C. Becker, B.
Weigmann, M. Vieth, S. Rose-John, M.F. Neurath, VEGF receptor signaling links
inflammation and tumorigenesis in colitis-associated cancer, J. Exp. Med. 207
(2010) 2855-2868.

D. Wang, H. Wang, W. Ning, M.G. Backlund, S.K. Dey, R.N. DuBois, Loss of cannabinoid
receptor 1 accelerates intestinal tumor growth, Cancer Res. 68 (2008) 6468-6476.
D. Zheng, AM. Bode, Q. Zhao, Y.Y. Cho, F. Zhu, W.Y. Ma, Z. Dong, The cannabinoid
receptors are required for ultraviolet-induced inflammation and skin cancer
development, Cancer Res. 68 (2008) 3992-3998.

L.X. Zhu, S. Sharma, M. Stolina, B. Gardner, M.D. Roth, D.P. Tashkin, S.M. Dubinett,
Delta-9-tetrahydrocannabinol inhibits antitumor immunity by a CB2 receptor-
mediated, cytokine-dependent pathway, J. Immunol. 165 (2000) 373-380.

A. Zimmer, A.M. Zimmer, A.G. Hohmann, M. Herkenham, T.I. Bonner, Increased
mortality, hypoactivity, and hypoalgesia in cannabinoid CB1 receptor knockout
mice, PNAS 96 (1999) 5780-5785.

Please cite this article as: N. Glodde, et al,, Differential role of cannabinoids in the pathogenesis of skin cancer, Life Sci (2015), http://dx.doi.org/
10.1016/j.1fs.2015.04.003




