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Abstract
Objective. Cannabinoids are a class of compounds that have the ability to activate two specific receptor subtypes, the
cannabinoid CB1 and CB2 receptors. CB1 receptor is a G-protein-coupled receptor that is linked to the signal transduction
pathways. The cumulative effects of this receptor have important implications in the control of cell survival and cell death
having the potential to regulate tumor cell growth. In this connection, interest has been focused on factors such as sex
steroid hormones, which regulate CB1 receptor expression. The aim of this study was to investigate the effects of 17bestradiol exposure on the CB1 receptor gene and its protein expression in human primary tumor colon cancer cell lines,
such as DLD-1, HT-29 and one lymph node metastatic cell line, SW620. Material and methods. CB1 gene expression
was determined using quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) in DLD-1, HT-29 and
SW620 cells treated at different times and doses of 17b-estradiol exposure. CB1 protein expression was detected by Western
immunoblot. Results. 17b-estradiol induced CB1 gene expression in all the human colon cancer cells studied. The early
induction of CB1 receptor mRNA in DLD-1 and SW620 cells was mediated by the estrogen receptor because the pure
estrogen antagonist, ICI 182,780, was able to counteract this effect. Estrogenic induction of the CB1 receptor was also
detectable at protein level in all cell types tested. Conclusions. The CB1 receptor can be considered an estrogen-responsive
gene in DLD-1, HT-29 and SW620 cells. Up-regulation of CB1 expression by 17b-estradiol is a further mechanism of
estrogens to control colon cancer proliferation.
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Introduction
Plant-derived, synthetic or endogenous cannabinoids are a class of compounds that have the ability
to activate two specific receptors subtypes, the
cannabinoid CB1 and CB2 receptors. CB1 receptors, first detected in brain, have also been detected
in reproductive tissues and the gastrointestinal
system [1,2], whereas CB2 receptors appear to be
expressed mainly by cells of the immune system [2].
The CB1 receptor is a G-protein-coupled receptor
that is linked to signal transduction pathways including inhibition of adenylate cyclase, activation of
mitogen-activated protein kinase and regulation of

calcium and potassium channels [2]. The cumulative
effects of this receptor have important implications
in the control of cell survival and cell death having
the potential to regulate tumor cell growth.
Recent studies provided good evidence to show
that the major endocannabinoid, anandamide (arachidonoylethanolamide), may play a role in controlling colorectal cancer cell proliferation by acting at
cannabinoid receptor [37]. Anandamide was found
to inhibit, mostly via the CB1 receptor, the proliferation of breast, prostate and colorectal cancer
cells in vitro [79] and of rat v-k-ras-transformed
thyroid cells by blocking the activity of p21ras [5].
There is also a growing body of evidence to show
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that either the selective CB1 receptor stimulation or
activation of both CB1 and CB2 receptors causes
inhibition of cancer growth in vitro [8]. These antiproliferative effects are reversed by SR141716A, a
specific antagonist for the CB1 receptor [10], which
suggests a role for this receptor subtype in modulating cell proliferation.
In this connection, interest has been focused on
factors regulating CB1 receptor expression. Sex
steroids have been shown to regulate CB1 receptor
expression in the human anterior pituitary gland
[11] and it has still to be elucidated whether the
same action of estrogens can occur also in the colon,
on classic estrogen responsive tissue. The presence
of appreciable amounts of cannabinoid receptors, as
well as estrogen receptor expression, has already
been established in colorectal carcinoma and normal
colonic epithelium [1,2,7,12]. Moreover, clinical
and experimental evidence has shown a link between
sex steroid hormones and colorectal tumor showing
a significant anti-proliferative action of estrogens in
colon cancer [1217]. Estradiol seems to be able to
interact with molecules required for cell proliferation
such as polyamine [18] and growth factors [19] in
colon cancer, eliciting its effects also through the
down-regulation of HMG-CoAR activity associated
with the early induction of low-density lipoprotein
(LDL) receptors [20].
In an effort to elucidate another aspect of estrogenic cell growth control in colon carcinoma, we
investigated the effects of 17b-estradiol exposure on
CB1 receptor gene and its protein expression in
human primary tumor colon cancer cell lines, such
as DLD-1, HT-29 and one lymph node metastatic
cell line, SW620. Changes in CB1 receptor gene
expression, induced by estrogens, might be relevant
owing to the considerable interest in the possible role
of CB1 receptors and their endogenous ligands as
cell proliferation mediators.

Material and methods
Cell culture conditions
The human colon cell lines DLD-1, HT-29 and
SW620 were obtained from the ICLC (IST, Genoa,
Italy). DLD-1, HT-29 and SW620 were routinely
grown in Roswell Park Memorial Institute (RPMI)
1640, McCoy’s 5A and Dulbecco-modified Eagle
medium (D-MEM), respectively. The media, without phenol red, were supplemented with 10% fetal
bovine serum (FBS), 1% non-essential aminoacids
(NEAA), 2 mM glutamine, 100 U/ml penicillin,
100 mg/ml streptomycin, in monolayer cultures, and
incubated at 378C in a humidified atmosphere
containing 5% CO2. At confluence, the grown cells

were harvested by means of trypsinization and
serially subcultured with a 1:4 split ratio. All cell
culture components were purchased from SigmaAldrich, Milan, Italy.
17b-estradiol treatment
In the experiments investigating the effect of 17bestradiol under estrogen-depleted culture conditions, cell lines were plated at a density of 2105
cells/5 ml phenol red-free appropriate medium, containing 10% FBS in 60-mm tissue culture dishes
(Corning Costar, Cambridge, Mass., USA). After
24 h, the medium was replaced with fresh medium
containing 5% destran-coated charcoal-stripped
FBS with 17b-estradiol, at concentrations of 0.1
nM, 1 mM and 10 mM dissolved in dimethyl sulfoxide (DMSO) and maintained for 1, 6 and 24 h.
Charcoal-stripped FBS selectively abolished estrogens, with no variation in the sterol concentration.
Each experiment included an untreated control
and a control with the same concentration of DMSO
as had been used for adding estrogen. In all
experiments, the solvent did not exceed a concentration of 0.3%. Quadruplicate cultures were set up for
each hormone concentration and for controls, and
each experiment was repeated four times in separate
samples. Cell viability, determined with the trypan
blue exclusion method, always exceeded 90%.
Reverse transcriptase and quantitative polymerase chain
reaction (real-time PCR)
Each cell line, cultured with 0.1 nM, 1 mM and
10 mM of 17b-estradiol for 1, 6 and 24 h, was
washed twice in phosphate buffered saline (PBS)
and then trypsinized and centrifuged at low speed.
The cell pellets were resuspended in 0.3 ml pure
distilled water and used for RNA extraction.
Total cell RNA was extracted using Tri-Reagent
(Mol. Res. Center Inc., Cincinnati, Ohio, USA),
following the manufacturer’s instructions. About
2 mg total cell RNA, extracted from both the control
and treated cells, was used for cDNA synthesis.
Reverse transcription (RT) was carried out in 20 ml
of the final volume at 418C for 60 min, using
30 pmol antisense primer (Table I) for analysis of
the CB1 receptor gene. The b-actin gene was utilized
as an internal control and was chosen as a reference
gene because it is a housekeeping gene and its
expression is not regulated by estrogen [21].
Real-time PCRs were performed in 25 ml final
volume containing 2 ml cDNA, master mix with
SYBR Green (iQ SYBR Green Supermix; Bio-Rad,
Milan, Italy) and sense and antisense primers for the
CB1 gene and b-actin gene (Table I).
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Table I. Sequences of amplification primers.
Gene

Primer

CB1 receptor

Sense
Antisense
Sense
Antisense
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b-actin

5?-GGAGAACATCCAGTGTGGGG-3?
5?-CATTGGGGCTGTCTTTACGG-3?
5?-AAAGACCTGTACGCCAACACAGTGCTGTCTGG-3?
5?-CGTCATACTCCTGCTTGCT GATCCACATCTGC-3?

Real-time PCR was carried out with iCycler
Thermal Cycler System apparatus (Bio-Rad) using
the following parameters: one cycle of 958C for
1 min and 30 s, followed by 45 cycles at 948C for
10 s, 558C for 10 s and 728C for 30 s and a further
melting curve step at 55958C with a heating rate of
0.58C per cycle for 80 cycles. The PCR products
were quantified by external calibration curves, obtained with serial dilutions of a known copy number
of molecules (102107 molecules). All expression
data were normalized with expression of the housekeeping gene b-actin used as the internal control.
The specificity of the PCR product of each tested
gene was confirmed by gel electrophoresis.
Western blot analysis
For CB1 receptor protein evaluation, immunoblot
analysis was carried out in DLD-1, HT-29 and
SW620 cells treated with 0.1 nM, 1 mM and
10 mM of 17b-estradiol for 1, 6 and 24 h. Parallel
experiments were conducted in untreated control
cells. After estrogen treatment, the cells were washed
twice in PBS and pelleted by centrifugation. Cell
pellets were resuspended in lysis buffer (10 mM
Tris-HCl, pH 7.2; 1 mM phenylmethylsulfonylfluoride; 2 mM aprotinin; and 10 mM leupeptin), disrupted by sonication and centrifuged at 3000 rpm
for 10 min at 48C. Protein (50 mg) cell supernatants
were electrophoresed on 12% sodium dodecylsulfate
polyacrylamide gel electrophoresis (SDS-PAGE),
transferred to nitrocellulose membrane, and blocked
with 7.5% milk in Tris-buffered saline-Tween 20 for
1 h at room temperature. The filters were then
probed with goat polyclonal IgG anti-human CB1
receptor (Santa Cruz Laboratories) at a 1:1000
dilution. Immunoreactive proteins were detected by
incubation with horseradish peroxidase-conjugated
donkey anti-goat IgG (BioRad, Hercules, Calif.,
USA), using the enhanced chemiluminescence

system (ECL, Amersham, Buckinghamshire, UK).
CB1 receptor protein was expressed as the value of
optical density (OD).
Statistical analysis
Data were statistically evaluated by ANOVA followed by the Dunnett Multiple Comparison Test.
Differences were considered significant at a 5%
probability level.
Results
The cell line origins and CB1- or estrogen receptor
basal expressions of DLD-1, HT-29 and SW-620 cell
lines are presented in Table II.
In the metastatic colon cancer cell line SW620 the
CB1 receptor mRNA basal levels were higher than
those in the other two cell lines (Figure 1). In these
human colon cancer cells the CB1 receptor is
subjected to a positive influence exerted by treatment with 17b-estradiol (Figure 2). Compared with
control cells, there was a significant induction of
CB1 receptor mRNA after 1 h of hormone administration, at 0.1 nM (p B0.05, Dunnett’s post-test) in
SW620 cells (Figure 2C). A higher concentration
(10 mM) of 17b-estradiol was necessary to induce
CB1 receptor mRNA in DLD-1 and HT-29 after 1 h
(Figure 2A, B). After 6 h of treatment, the significant
induction was detectable at 0.1 nM, 1 mM and
10 mM (p B0.05, Dunnett’s post-test) in DLD-1,
HT-29 and SW620. After 24 h, the induction of CB1
receptor mRNA reached statistical significance only
in HT-29 cells.
To evaluate whether the effect of 17b-estradiol on
CB1 mRNA expression is mediated through the
estrogen receptor, cells were also exposed to 0.1 nM
17b-estradiol for 6 h with or without 10 nM ICI
182,780 (a pure estrogen receptor antagonist). As
shown in the Figure 2A and 2C, ICI 182,780

Table II. Cell line origins and CB1-or estrogen receptor expression profiling.
Cell type
DLD-1
HT-29
SW620

Origin

CB1 receptor

Estrogen receptor a

Estrogen receptor b

Colorectal adenocarcinoma
Colorectal adenocarcinoma grade II
Lymph node metastasis

Positive
Positive
Positive

Negative
Negative
Positive

Positive
Negative
Positive
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Figure 1. CB1 receptor mRNA basal levels in DLD-1, HT-29 and
SW620 cell lines.

completely abolished the stimulation of CB1 receptor gene in DLD-1 and SW620. No effect was
exerted by ICI 182,780 in HT-29 cells (Figure 2B).
Figure 3 delineates the densitometric analysis of
the CB1 receptor protein expression in DLD-1, HT29 and SW620 cells after exposure at 0.1 nM, 1 mM
and 10 mM of 17b-estradiol for 1, 6 and 24 h. A
significant protein induction exerted by 1 h of
estrogenic treatment was detectable at all concentrations of hormone (0.1 nM and 1 mM and 10 mM) in
SW620 and was kept until 6 h and 24 h (Figure 3C).
An increase in CB1 receptor protein levels starting
from 10 mM after 1 h of 17b-estradiol was evident in
DLD-1 and HT-29, and at concentrations of 0.1 nM
and 1 mM the induction was present after 6 h of
treatment (Figure 3A, B).
Discussion
The present study provides additional information
on the mechanisms by which estrogens can modulate
colon cancer proliferation. We have previously demonstrated the inhibitory effect of estrogens on
gastric cell lines [18,19]. The exposure of a human
estrogen receptor-positive gastric cancer cell line to
progressive increasing 17b-estradiol concentrations
caused a significant anti-proliferative action and an
enhanced apoptotic rate, in a dose-dependent manner. We have also shown that the estradiol is able to
interact with molecules like polyamine [18] and
growth factors [19] required for cell proliferation.
Recently, we have demonstrated an estrogenic regulation of cholesterol biosynthesis and cell growth in
DLD-1 human colon cancer cells, supporting the
idea that the cholesterol metabolism could be
considered another target for the estrogenic antiproliferative properties [20].
In the present study we found that 17b-estradiol
induces CB1 gene expression in human colon cancer

cells, showing over-expression of the CB1 receptor
after short exposure to estrogens.
Our results indicate that transcriptional activation
of CB1 after estradiol treatment could be a direct
estrogen receptor-mediated effect, at least in DLD-1
and SW620 cell lines. To date, we have no knowledge of any estrogen response elements (ERE) in the
CB1 promoter, and the putative regulative region of
this gene is not well known.
Moreover, based on the presented evidence, the
CB1 receptor can be considered an estrogen-responsive gene in DLD-1, HT-29 and SW620 cells. The
early induction of CB1 receptor mRNA in DLD-1
and SW620 cells is mediated by the estrogen
receptor because the pure estrogen antagonist ICI
182,780 was able to counteract this effect. No effect
of ICI 182,780 was detectable in HT-29 cells, known
to be estrogen receptor negative cells. We suggest
that in these cells the hormone could exert its effects
by different mechanisms, potentially acting through
a direct interaction with estrogen-responsive genes.
Estrogenic induction of the CB1 receptor was also
detectable at protein level in all cell types tested. After
24 h of hormone treatment, a statistically significant
induction of protein levels was present only in SW620
cells. In all probability, this effect was due to the
presence of both estrogen receptors a and b that keep
the protein induction at high levels in this cell line.
The present findings suggest that the anti-proliferative action of 17b-estradiol on human colon
cancer cells may also be related to its ability to
induce CB1 receptor expression. Estrogenic regulation of the CB1 receptor gene in colon cancer cell
lines, detected in this study, concurs with the results
of recent studies showing that both CB1 receptor
gene expression and the FAAH enzyme are influenced by estrogen in the human anterior pituitary
gland and in mouse endometrial epithelium, respectively [11,22].
Up-regulation of the endocannabinoid system by
estrogens is a further mechanism of growth control
in colon cancer; therefore, the use of estrogens in an
anticancer therapeutic strategy has to be encouraged. Finally, the activation of synthesis of endocannabinoids and their receptors, as well as the
inactivation of their enzymatic hydrolysis might be
important in a strategy for developing new anticancer drugs.
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Figure 2. Effects of 0.1 nM, 1 mM and 10 mM of 17b-estradiol on CB1 receptor mRNA levels of DLD-1 (A), HT-29 (B) and SW620 (C)
cells cultured for 1 h, 6 h and 24 h. The effect of 0.1 nM 17b-estradiol in the presence of 10 nM ICI 182,780 after 6 h of treatment is also
shown. Data displayed as mean values9SE. The p-value was determined by one-way analysis with Dunnett’s post-test; *p B0.05 versus
control.

Scand J Gastroenterol Downloaded from informahealthcare.com by University of Pittsburgh on 06/29/14
For personal use only.

CB1 receptor in human colon cancer cells 71

Figure 3. Densitometric analysis of CB1 protein levels (OD) after 17b-estradiol treatment (0.1 nM, 1 mM and 10 mM) for 1 h, 6 h and 24 h
in DLD-1 cells (A), HT-29 (B) and SW-620 (C). Results are expressed as mean values9SE. The p-value was determined by one-way
analysis with Dunnett’s post-test; *pB0.05 versus control.

72

M. Notarnicola et al.

References
[1] Patsos HA, Hicks DJ, Greenhough A, Williams AC, Paraskeva C. Cannabinoids and cancer: potential for colorectal
cancer therapy. Biochem Soc Trans 2005;33:7124.
[2] Pertwee RG. Pharmacology of cannabinoid CB1 and CB2
receptors. Pharmacol Ther 1997;74:12980.
[3] Blazquez C, Gonzalez-Feria L, Alvarez L, Haro A, Casanova
ML, Guzman M. Cannabinoids inhibit the vascular endothelial growth factor pathway in gliomas. Cancer Res
2004;64:561723.
[4] Di Carlo G, Izzo AA. Cannabinoids for gastrointestinal
diseases: potential therapeutic applications. Exp Opin Invest
Drugs 2003;12:3949.
[5] Bifulco M, Laezza C, Portella G, Vitale M, Orlando P, De
Petrocellis L, et al. Control by the endogenous cannabinoid
system of ras oncogene-dependent tumor growth. FASEB J
2001;15:27457.
[6] Bifulco M, Laezza C, Valenti M, Ligresti A, Portella G, Di
Marzo V. A new strategy to block tumor growth by inhibiting
endocannabinoid inactivation. FASEB J 2004;18:16068.
[7] Ligresti A, Bisogno T, Matias I, De Petrocellis L, Cascio
MG, Cosenza V, et al. Possible endocannabinoid control of
colorectal cancer growth. Gastroenterology 2003;125:677
87.
[8] De Petrocellis L, Melck D, Palmisano A, Bisogno T, Laezza
C, Bifulco M, et al. The endogenous cannabinoid anandamide inhibits human breast cancer cell proliferation. Proc
Natl Acad Sci USA 1998;95:837580.
[9] Melck D, De Petrocellis L, Orlando P, Bisogno T, Laezza C,
Bifulco M, et al. Suppression of nerve growth factor Trk
receptors and prolactin receptors by endocannabinoids leads
to inhibition of human breast and prostate cancer cell
proliferation. Endocrinology 2000;141:11826.
[10] Vigna SR. Cannabinoids and the gut. Gastroenterology
2003;125:9735.
[11] Gonzalez S, Mauriello-Romanazzi G, Berrendero F, Ramos
JA, Franzoni MF, Fernandez-Ruiz J. Decreased cannabinoid
CB1 receptor mRNA levels and immunoreactivity in pituitary hyperplasia induced by prolonged exposure to estrogens. Pituitary 2000;3:2216.
/

/

/

/

/

/

Scand J Gastroenterol Downloaded from informahealthcare.com by University of Pittsburgh on 06/29/14
For personal use only.

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

/

[12] Di Leo A, Messa C, Cavallini A, Linsalata M. Estrogens and
colorectal cancer. Curr Drug Targets-Immune. Endocr
Metab Disorders 2001;1:112.
[13] Grodstein F, Newcomb PA, Stampfer MJ. Postmenopausal
hormone therapy and the risk of colorectal cancer: a review
and meta-analysis. Am J Med 1999;106:57483.
[14] Al-Azzawi F, Wahab M. Estrogen and colon cancer: current
issues. Climateric 2002;5:314.
[15] Xu X, Thomas ML. Estrogen receptor-mediated direct
stimulation of colon cancer cell growth in vitro. Mol Cell
Endocrinol 1994;105:197201.
[16] Singh S, Paraskeva C, Gallimore PH, Sheppard MC, Langman MJ. Differential growth response to oestrogen of
premalignant and malignant colonic cell lines. Anticancer
Res 1994;14:103742.
[17] Di Domenico M, Castoria G, Bilancio A, Migliaccio A,
Auricchio F. Estradiol activation of human colon carcinomaderived Caco-2 cell growth. Cancer Res 1996;56:451621.
[18] Messa C, Pricci M, Linsalata M, Russo F, Di Leo A.
Inhibitory effect of 17b-estradiol on growth and the polyamine metabolism of a human gastric carcinoma cell line
(HGC-27). Scand J Gastroenterol 1999;34:7984.
[19] Messa C, Russo F, Pricci M, Di Leo A. Epidermal growth
factor and 17b-estradiol effects on proliferation of a human
gastric cancer cell line (AGS). Scand J Gastroenterol 2000;
35:7538.
[20] Messa C, Notarnicola M, Russo F, Cavallini A, Pallottini V,
Trentalance A, et al. Estrogenic regulation of cholesterol
biosynthesis and cell growth in DLD-1 human colon cancer
cells. Scand J Gastroenterol 2005;40:145461.
[21] Lamon-Fava S, Ordovas JM, Schaefer EJ. Estrogen increases
apolipoprotein (Apo) A-I secretion in Hep G2 cells by
modulating transcription of the Apo A-I gene promoter.
Arterioscler Thromb Vasc Biol 1999;19:29605.
[22] MacCarrone M, De Felici M, Bari M, Klinger F, Siracusa G,
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