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A B S T R A C T

In the light of findings indicating that cannabinoids can affect the proliferation of a number

of cancer cell types and that cannabinoid receptor expression is higher in prostate cancer

cell lines than in non-malignant cells, we investigated whether the level of cannabinoid 1

receptor immunoreactivity (CB1IR) in prostate cancer tissues is associated with disease

severity and outcome. Formalin-fixed paraffin-embedded non-malignant and tumour tis-

sue samples from patients who were diagnosed with prostate cancer at a transurethral

resection for voiding problems were used. CB1IR, which was scored in a total of 399 cases,

was associated with the epithelial cell membranes, with little staining in the stroma.

Patients with a tumour CB1IR score greater or equal to the median (2) had a significantly

higher proportion of Gleason scores 8–10, metastases at diagnosis, tumour size and rate

of cell proliferation at diagnosis than patients with a score < 2. For 269 cases, tumour CB1IR

was measured for patients who only received palliative therapy at the end stages of the dis-

ease, allowing the influence of CB1IR upon the disease outcome to be determined. Receiver

operating characteristic (ROC) curves showed an area under the curve of 0.67 (95% confi-

dence limits 0.59–0.74) for CB1IR in the tumour. CB1IR in non-malignant tissue was not

associated with disease outcome. A tumour CB1IR score � 2 was associated with a signifi-

cantly lower disease specific survival. A Cox proportional hazards regression indicated that

the tumour CB1IR score and the Gleason score were independent prognostic variables. It is

concluded that a high tumour CB1IR score is associated with prostate cancer severity and

outcome.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction American Cancer Society listed 218,219 new cancer cases in
Prostate cancer is the major cancer form afflicting males. In

the United States of America (USA), for example, the
er Ltd. All rights reserved

fax: +46 90 7852752.
wler).
their estimates for 2007, a number approximately equal to

the number of male cases for lung and bronchus, colon and

rectum, and melanoma of the skin put together.1 There is a
.
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wide range of treatment options for prostate cancer depend-

ing on tumour characteristics, patient age and status. How-

ever, the curative treatments for localised prostate cancer

(prostatectomy and radiation therapy) are associated with

the risks of side-effects, including erectile dysfunction and

incontinence,2–4 and both novel treatment strategies and

prognostic markers (to avoid the overtreatment of patients

who would better have been served by surveillance alone5)

are much needed.

D9-Tetrahydrocannabinol (D9-THC), the main psychoactive

ingredient of cannabis, produces most of its effects via the

activation of two G-protein coupled cannabinoid (CB) recep-

tors termed CB1 and CB2. CB1 receptors are among the most

common of all receptor types in the brain, and are also located

peripherally in both neurons and non-neuronal tissue, whilst

CB2 receptors are mainly found in immune cells.6 The endog-

enous ligands for these receptors (‘endocannabinoids’)

anandamide and 2-arachidonoylglycerol are synthesised on

demand and mimic many of the actions of D9-THC, but have

short-lived effects due to effective metabolic pathways.7,8

Synthetic D9-THC (MarinolTM) and its analogue nabilone

(CesametTM) are licensed in the USA, Canada and the United

Kingdom (UK) for their palliative effects upon chemother-

apy-induced nausea and vomiting. However, cannabinoids

also affect the viability, proliferation, adhesion and migration

of cancer cells, including prostate cancer cells, and can re-

duce angiogenesis and the growth of tumour cells implanted

into nude mice.9–18 In 2005, Sarfaraz and colleagues13 re-

ported that CB1 receptor expression by the human prostate

cancer cell lines, LNCaP (androgen-sensitive), DU145 and

PC3 (androgen-independent), was higher than that seen in

normal human prostate epithelial cells. Furthermore, the

CB1 receptor expression was higher in CA-HPAV10 cells (vi-

rally transformed cells from the adenocarcinoma of human

prostate tissue) than in the corresponding CA-HPV-7 cells,

also virally transformed, but from normal human tissue.13 It

is not known, however, whether the level of CB1 receptor

immunoreactivity (CB1IR) is associated with disease severity

and outcome in prostate cancer tissue samples from patients.

This question has been addressed in the present study.

2. Materials and methods

2.1. Patients

The formalin-fixed, paraffin-embedded samples used in the

present study were from a large series of cases diagnosed

with prostate cancer at transurethral resection for mictur-

ation difficulties, as reported in detail previously.19 The sam-

ples were collected at the Central Hospital, Västerås, Sweden,

between 1975 and 1991, i.e. before serum prostate specific

antigen (PSA) was used in Sweden as a diagnostic tool. Evi-

dence for metastases was undertaken using a bone scan

shortly after the transurethral resection, and the patients

were followed up until 2003. For the 399 cases where either tu-

mour and/or non-malignant tissue CB1IR could be scored (see

below), 297 were followed up by watchful waiting until the

appearance of metastases (the standard treatment approach

at the time) and the others received hormonal treatment,

radiotherapy or radical prostatectomy. Cause of death was as-
sessed by the evaluation of medical records. The Gleason

scores and the percentage of the specimen area that was tu-

mour-associated (%Ca) were assessed in each sample by one

pathologist (LE). To facilitate screening for markers related

to outcome, tissue micro arrays were constructed using a Bee-

cher Instrument (Sun Prairie, WI, USA). The tissue micro ar-

rays contained up to eight (usually five) samples of tumour

tissue (cores with a diameter of 0.6 mm) and up to four sam-

ples of non-malignant tissue from each patient.20,21 Care was

taken to ensure that tumour cores from both primary and

secondary Gleason score areas were included in the micro

arrays.

2.2. Immunohistochemistry

The paraffin-embedded tissue micro array sections were

deparaffinised and rehydrated. Subsequently, sections were

placed in a citrate buffer pH 6.0 and boiled in a pressure coo-

ker for 60 min. Samples were then placed in water and then in

Ventana buffer, after which they were placed in a Ventana

automated analyser (Ventana Medical Systems Inc., Tucson,

AZ) to which the CB1 receptor antibody (AbCam cat. no.

23703, lot no. 280229, dilution 1:300; AbCam plc, Cambridge,

UK) and the secondary system (iVIEW DAB Detection Kit, Ven-

tana Medical Systems Inc.) were added. Mouse forebrain and

prostate tissues were also investigated in the same manner

using both lot nos. 280229 and 396756 of the antibody, a rabbit

polyclonal raised to a peptide corresponding to C terminal

amino acids 461–472 of the human CB1 receptor which

cross-reacts with the human, mouse and rat CB1 receptor

according to the data obtained from the manufacturers. Ki-

67 scores, determined by assessing the % of cells (500 cells

per patient, evaluated in 5–7 areas per tumour) expressing

Ki-67 immunoreactivity (antibody MIB-1, DAKO Corporation,

Carpenteria, CA, USA), were available in our database (for a

previous study see22) undertaken in some of the present

cases. The scores ranged from 0% to 78.5%, and the division

of data here as <2 and >2 represents a simple division around

the median.

2.3. Scoring of CB1IR

The individual cores were scored for CB1IR by an evaluator

(SC) who was blind to the clinical data for the patients. Each

core was scored for immunoreactive intensity (0–3 where 0

is absent and 3 is high) and epithelial cell distribution (0%,

10%, 33%, 50% and 100%) for each intensity to give a compos-

ite value between 0 and 3. A case, for example, with 50%

intensity 2 and 50% intensity 3 in the epithelial cells would re-

ceive a composite score for that core of 2.5. A case with 10%

intensity 3 and equal intensities 1 and 2 would receive a com-

posite score of 3 · 0.1 + [(1 + 2)/2] · 0.9 = 1.65. The median

score for the cores was then calculated for each patient. Usu-

ally, 5 (and in some cases 8) tumour and 4 non-malignant tis-

sue cores per patient were analysed for CB1IR, the main

exceptions being when the core consisted of stroma alone,

or the quality of the core was not sufficiently good for immu-

noreactivity to be scored with confidence. Cases where the

structure or quality of the tissue and/or staining was unclear

were discussed with an expert pathologist (AB) prior to decid-



Fig. 1 – CB1IR in a core of non-malignant tissue obtained at

transurethral resection from a 76-year-old patient. The mag-

nification used was 40·.
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ing the score and/or inclusion in the dataset. From a total of

2691 scored cores, median scores from 372 (tumour tissue)

and 349 (non-malignant tissue) patients were determined.

2.4. Statistics

Receiver operating characteristic (ROC) curves were used to

define cut-offs for CB1IR. In survival analyses with Kaplan–

Meier or Cox’s regression an event was defined as prostate

cancer death. Death from other causes was censored, and pa-

tients alive were censored at the date of last follow-up. The

duration of event-free survival (EFS) is defined as the time

from diagnosis until the date of prostate cancer death, death

of other causes or if no death occurred, until the date of last

follow-up. Survival curves were constructed using the Kap-

lan–Meier method, and the differences in outcome between

groups were tested with the log-rank test. The prognostic rel-

evance of CB1IR was examined by Cox’s regression analysis

alone and together with the known prognostic factor Gleason

score, as covariable. Differences in the distribution of vari-

ables between the groups of patients were analysed using

the chi-square test. The level of statistical significance was

defined as p < 0.05 (two-sided). Statistical analyses were con-

ducted using SPSS 14.0.0 software for Windows (SPSS Inc.,

Chicago, IL, USA) and the statistical package built into the

GraphPad Prism computer programme (GraphPad Software

Inc., San Diego, CA, USA).

3. Results

3.1. Antibody characterisation in brain tissue

A recent study has indicated that the specificity of a number

of commercially available CB1 receptor antibodies can be an

issue.23 The antibody used in our investigation (AbCam anti-

body no. 23703, lot no. 280229) was not included in that study,

but in a preliminary study we found that it produced the

appropriate pattern of staining in paraffin-embedded, forma-

lin-fixed sections from human cerebellum, where the CB1

receptor distribution is known (data not shown). The specific-

ity of the antibody was also verified by lack of staining in mice

forebrain tissue from animals where the CB1 was knocked-

out, in contrast to the extensive staining in wild-type mice

(Appendix 1A and B). Formalin-fixed prostate tissues from

wild-type, heterozygote and CB–=–
1 mice were also investi-

gated, and a reasonable degree of specificity could be ob-

served in view of the relatively low intensities of staining in

the CBþ=þ1 and CBþ=–
1 tissues (Appendix 1C). A later batch of

the antibody (lot. no. 396756) was also tested. The pattern of

forebrain staining was the same as seen with lot no. 280229

(i.e. CBþ=þ1 and CBþ=–
1 > CB–=–

1 ) but the staining intensity of the

wild-type and heterozygote prostate tissue was lower with

lot no. 396756 than with lot no. 280229 (data not shown).

3.2. CB1 receptor immunoreactivity (CB1IR) in
non-malignant prostate tissue

CB1IR was assessed, using lot no. 280229 of the antibody, in

replicate samples of non-malignant tissue taken at transure-

thral resection from 349 patients. The staining intensity var-
ied between samples, but CB1IR was localised to the plasma

membrane of both basal and luminal epithelial cells, and with

little or no staining of the stroma. Some of the epithelial cells

in the basal and luminal compartment were more intensely

stained than others. The reason for this heterogeneity was

not further explored, other than to note that the relative num-

ber of intensely stained cells was higher than would be ex-

pected if the high CB1IR was due to selective expression on

neuroendocrine cells. An example from a core with a strong

CB1IR is shown in Fig. 1.

3.3. Comparison of CB1IR in tumour and normal tissue

A total of 372 tumour cases could be assessed, and represen-

tative examples are shown in Fig. 2. As for the normal tissue,

the CB1IR in the well-differentiated tumours was associated

with the epithelial cells rather than with the stroma (Fig. 2A

and B). In some cases, a weak staining was seen for blood cells

found in the core (see e.g. Fig. 2C, top right). This is consistent

with the reports that B- and T-cells express mRNA for CB1

receptors, particularly after activation.24,25 Examples of cores

scored as 1, 2 and 3 are shown in Fig. 2B, and an example of a

core showing all three scores within the same sample is

shown in Fig. 2A.

Median scores from replicate cores of non-malignant and

tumour tissue samples were calculated as described in Sec-

tion 2. Examples of two tumour tissue series are shown in

Fig. 2C. The distribution of the median values for the 372 tu-

mour and 349 non-malignant tissue samples is shown in

Appendix 2. In both instances, the group median score was

2 and indeed, this score was very common, representing

31% and 29% of the median scores for the tumour and non-

malignant tissue samples, respectively. Comparison of the

absolute values for the 322 samples, where data for both

non-malignant and tumour tissue were available indicated

that the CB1IR scores for the tumour and non-malignant sam-

ples were significantly different (p < 0.001, Wilcoxon signed

ranks test). On the basis of receiver operating characteristic



Fig. 2 – CB1IR in prostate cancer tumour tissue obtained at transurethral resection. Panel A: tissue from a 74-year-old patient

(magnification 20·). The tumour size was 10% of the resected tissue, and was given a Gleason score of 6. The numbers in the

figure indicate the CB1IR scores for the individual cells. Panel B: left three images: tumour tissue cores with CB1IR scores of 1, 2

and 3, respectively. The far right image is a non-malignant tissue core from the same patient who scored 3. Panel C: left

column, replicate cores of tumour tissue from a 69-year-old patient, tumour size 95%, Gleason score 8. All five cores were

given a CB1IR score of 3. In the right column, replicate cores from a 71-year-old patient (tumour size 25%, Gleason score 8) are

shown. The CB1IR scores ranged from 3 (top) to 1.5 (bottom), giving a median value of 2. Note that the brightness of the

images was adjusted digitally to give similar levels of the background, and that the bottom core in panel B left column was

photographed on a different occasion to the others.
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(ROC) curves described below, the CB1IR scores were split into

two groups, <2 and P2, for further analysis.

The clinical data for the patients with CB1IR scores < 2 and

P2 are shown in Table 1. For the tumour samples, 42% of the

patients in the P2 group had Gleason scores of 8–10, as com-

pared with 12% in the <2 group. The incidence of metastases

at diagnosis was also higher in the P2 group (17%) than in the

<2 group (5%). Since a previous study has shown that a value

of >20 for the percent of the specimen that is cancer associ-

ated (%Ca) is indicative of a poor prognosis,22 this parameter

was also investigated. The number of patients with %Ca > 20

was higher in the P2 group (61%) than in the <2 group

(38%), suggesting that a high CB1IR may be associated with

cell proliferation. These differences were not seen in the

non-malignant tissue samples, although there was a varia-

tion in the distribution of Gleason scores (Table 1). Data for

a marker for cell proliferation, Ki-67 immunoreactivity, were

available for a subset of the patients, and the number of pa-

tients with a tumour Ki-67 score above its median value of
2 was higher in the CB1IR P 2 group (58%) than in the <2 group

(15%) (Table 1). A total of 30 patients with Gleason scores of 6–

7 were scored for both tumour Ki-67 and CB1IR. The small

sample size precludes statistically meaningful interpretation

of the data, but the percentages 14% (1/7 cases) and 39% (9/

23 cases) showing Ki-67 scores > 2 for the CB1IR < 2 and P2

groups, respectively, are at least consistent with the whole

data set.

3.4. Disease-specific survival in patient groups with CB1IR
scores < 2 and P2

During the period when the samples were obtained, the stan-

dard treatment in Sweden was watchful waiting until the

appearance of metastases. In all, a total of 269 of the 372 cases

where tumour CB1IR was assessed (and 275 of the 349 cases

for non-malignant tissue) did not receive any curative treat-

ment for their cancer, thereby allowing the evaluation of fac-

tors such as the expression level of a given protein upon the



Table 1 – Characteristics of the tumour and non-malignant tissue samples obtained at transurethral resection with
cannabinoid 1 receptor immunoreactivity (CB1IR) scores < 2 or �2.

CB1IR < 2 CB1IR � 2 p-Valuea

Tumour tissue samples n = 92 n = 280

Age (mean ± SD) at diagnosis 73.6 ± 6.6 73.7 ± 7.5 NS

Age range at diagnosis 58.3–91.8 51.0–95.0

Sampling period 1975–1991 1975–1991

Gleason score at diagnosis 4–5 26 (28%) 58 (21%) <0.001

6 41 (45%) 56 (20%)

7 14 (15%) 49 (18%)

8–10 11 (12%) 117 (42%)

Metastases at diagnosisb No 70 (95%) 180 (83%) <0.05

Yes 4 (5%) 38 (17%)

%Ca �20% 57 (62%) 110 (39%) <0.001

>20% 35 (38%) 170 (61%)

Median Ki-67 scorec <2 17 (85%) 35 (42%) <0.001

>2 3 (15%) 49 (58%)

Non-malignant tissue samples n = 134 n = 215

Age (mean ± SD) at diagnosis 75.1 ± 7.0 73.4 ± 7.2 <0.05

Age range at diagnosis 56.1–95.0 53.0–91.8

Sampling period 1975–1991 1976–1991

Gleason score (for the corresponding tumour tissue) at diagnosis 4–5 29 (21.6%) 64 (29.8%) <0.01

6 51 (38.1%) 49 (22.8%)

7 22 (16.4%) 30 (14.0%)

8–10 32 (23.9%) 72 (33.5%)

Metastases at diagnosisc No 90 (90.0%) 147 (88.0%) NS

Yes 10 (10.0%) 20 (12.0%)

%Ca �20% 79 (59.0%) 104 (48.4%) NS

>20% 55 (41.0%) 111 (51.6%)

a p-Values are determined using either chi-square tests or (in the case of the ages at diagnosis) two-tailed unpaired t-tests. NS: not significant.

b In 80 (tumour) and 82 (normal) cases, the metastatic state at diagnosis was not known.

c Data for the 104 cases where both tumour tissue Ki-67 and CB1IR scores were obtained. There was no significant correlation between the

tumour Ki-67 and normal tissue CB1IR scores (n = 85).
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natural progression of the disease. The median age of the 269

cases at diagnosis was 74.5 years.

Receiver operating characteristic (ROC) curves using a 15-

year cut-off showed an area under the curve of 0.67 (95% con-

fidence limits 0.59–0.74, p < 0.001) for CB1IR in the tumour and

a division of the data into <2 and P2 was the most appropri-

ate (data not shown). In contrast, the ROC curve for the non-

malignant tissue gave an area under the curve that was not

significantly different from 0.5, indicating that it was not sig-

nificantly associated with disease outcome (data not shown).

ROC curves using a 15-year cut-off were also constructed for

the tumour samples, where the highest score for an individ-

ual core from each patient (rather than the median value of

the cores) was used. As with the median values for the tu-

mour samples, the area under the curve was statistically sig-

nificant (0.64, 95% confidence interval 0.56–0.72, p < 0.001).

Kaplan–Meier analysis of data for the 269 patients followed

up with watchful waiting showed that patients with median

CB1IR scores P 2 had poorer outcomes than patients with

CB1IR < 2 (Fig. 3A). The hazard ratio (Mantel-Haenszel, prism

5) was 2.46, with 95% confidence limits of 1.48–4.08 (i.e.

p < 0.05). When the cases were randomly split into two groups

of n = 135 and 134, the significant contribution of the CB1IR
scores was still seen in both groups (data not shown). As ex-

pected from the ROC analysis, the CB1IR score for the non-

metastatic tissue samples did not contribute significantly to

the fraction survival (Appendix 3). For the 136 men below

median age, the association of tumour CB1IR expression with

disease outcome remained significant (p < 0.005), but this was

not the case for the 133 patients above the median age

(p = 0.08) (data not shown). As pointed out above, %Ca is a

good prognostic marker.22 There was no significant contribu-

tion of the CB1IR score in the 146 patients with %Ca 6 20

(p = 0.2) (data not shown). However, the patients with a

CB1IR P 2 and a %Ca > 20 showed a significantly worse sur-

vival rate than those with a CB1IR < 2 and a %Ca > 20 (hazard

ratio 2.51, with 95% confidence limits of 1.43–4.43. p < 0.05)

(Fig. 3B).

3.5. Disease-specific survival in patient groups with CB1IR
scores < 2 and P 2 – relation to Gleason score

A Cox proportional hazards regression analysis indicated that

the CB1IR score and the Gleason score were independent vari-

ables associated with disease outcome (Table 2). The size of

the patient material allows Kaplan–Meier curves to be drawn



Fig. 3 – Kaplan–Meier plots for the fraction survival of patients followed with active expectancy with tumour CB1IR scores of

<2 or �2. Panel A: all patients (n = 269); B: patients with %Ca scores > 20; C: patients with Gleason scores 6 or 7; and D: patients

with Gleason scores of 6. The hatches on the lines indicate the censored data (i.e. cases other than death due to prostate

cancer). The 15-year probabilities of event-free survival for CB1IR scores of <2 or �2, respectively, were A: 78 ± 7% compared to

50 ± 5%; B: 60 ± 13% compared to 21 ± 6%; C: 85 ± 9% compared to 44 ± 9%; and D: 100% compared to 40 ± 13%.
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for subsets with Gleason scores of 6–7 and 6 alone. In both

subsets, there was a significant association of the CB1IR

scores with disease outcome (Fig. 3C and D). The hazard ratios

could not be defined for the Gleason score 6 subset since there

were no events in the CB1IR < 2 group, but for the Gleason

score 6–7 subset, the value was 3.44 (95% confidence limits

1.62–7.29, i.e. p < 0.05).
Table 2 – Cox’s regression for tumour CB1IR.

Variable n RR p-Value 95% CI

(A) Univariate analysis

GS 4–5 91 1a

6–7 150 25.0 0.002 3.4–182.9

8–10 63 128.7 <0.001 17.6–939.5

Tumour CB1IR <2 77 1a

�2 192 3.2 0.001 1.6–6.5

(B) Multivariate analysis

GS 4–5 78 1a

6–7 132 24.6 0.002 3.4–181.1

8–10 59 130.9 <0.001 17.8–961.8

Tumour CB1IR <2 77 1a

�2 192 2.7 0.006 1.3–5.5

Abbreviations: RR, relative risk; CI, confidence interval; and GS,

Gleason score.

a Reference value.
4. Discussion

The present study was motivated by the studies done on cul-

tured prostate cancer cells indicating that the levels of CB1

receptors are higher than those in non-malignant cells,13

and that cannabinoids affect the viability and/or invasivity

of such cells.13–18 We have found that the level of CB1IR in tu-

mour tissue, but not in non-malignant tissue, as determined

by using the AbCam antibody no. 23703 (lot no. 280229) is

associated with disease severity and outcome. The presence

of CB1IR in the human prostate confirms the data of Galiègue

and colleagues26 and Ruiz-Llorente and colleagues27 who

found detectable levels of mRNA for CB1, but not for CB2

receptors, in human prostate tissue. CB1IR was associated

with the epithelial cells and not with the stroma of both

non-malignant tissue and differentiated tumour tissue. This

is consistent with a recent study reporting CB1IR (but not

CB2IR) in the epithelial cells, but not in the stroma, of the

rat prostate, where they are involved in the modulation of

contraction of this tissue,28 and with the human prostate,

where they show the appropriate pertussis toxin-sensitive

inhibitory coupling to adenylyl cyclase.27 Albeit with a low

(and variable) staining intensity, an epithelial localisation of

CB1IR is also seen in the mouse prostate (Appendix 1C).

For the 372 tumour cases, but not for the 349 non-malig-

nant tissue cases, there was a higher proportion of Gleason

score 8–10 and metastasis (at diagnosis) for the CB1IR P 2

group than the <2 group, suggesting that the immunoreactive

score is related to disease severity at diagnosis. In addition,
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there was a clear association between CB1IR and tumour size

in the specimen taken at transurethral resection. Although

there does not appear to be an endocannabinoid tone in the

normal rat prostate,27 cultured human WPMY-1 prostate stro-

mal cells release 2-arachidonoylglycerol29 suggesting a poten-

tial stromal influence on CB1 receptors in prostate cancer. CB1

receptors are coupled to a variety of signalling cascades,

including the inhibition of cyclic AMP and activation of the

extracellular signal-related kinase pathway.6 The extracellu-

lar signal-related kinase pathway can regulate both cell prolif-

eration and cell death,30 raising the possibility that tumour

CB1 expression, by increasing extracellular signal-related ki-

nase signalling in the appropriate manner in response to lo-

cally released endocannabinoids, could contribute to

prostate cancer cell growth. The correlation between the tu-

mour CB1IR and Ki-67 scores in the present study would sup-

port the hypothesis. This is analogous to the situation in the

mouse skin, where animals lacking CB receptors have attenu-

ated mitogen activated protein kinase and NFjB responses, as

well as a decreased incidence of skin carcinogenesis in re-

sponse to ultraviolet UVB irradiation following 7,12-dimethyl

benz(a)anthracene initiation as compared to wild-type

mice.31 This is somewhat at odds with the data suggesting

that cannabinoids can affect cell proliferation and cell

invasion,13–15,17,18 but these data were undertaken using cell

lines, and there has been a report of a pro-cancer action of

a CB receptor agonist in a prostate cancer cell line,16 so the

picture is far from clear.

An alternative possibility that is more in line with the cell

line data is that the expression of CB1IR is regulated by the lo-

cal endocannabinoid release. In this scenario, a low endocan-

nabinoid tone, which would allow for an increased rate of

proliferation, results in a compensatory increase in surface

expression of CB1 receptors. In a recent study, it was found

that the invasivity of prostate cancer cell lines is dependent

upon its activity of fatty acid amide hydrolase (FAAH) the en-

zyme responsible for metabolism of the endocannabinoid

anandamide.32 These authors also reported that the expres-

sion levels of FAAH were considerably higher in prostate can-

cer tissues than in normal prostate tissues.32 Although the

level of expression was not associated with tumour differen-

tiation (Gleason score),32 the results motivate an investigation

of endocannabinoid synthetic and degradative enzymes in

our patient series, in order to see whether the expression of

CB1IR is correlated with such markers.

The use of a large sample size of well-characterised, un-

treated patients with a long follow-up period has allowed

for the determination of the association of CB1IR with disease

outcome. A significant association was seen in the tumour

tissue, but not for the non-malignant tissue, suggesting that

it reflects a local change rather than a general underlying vul-

nerability that would be seen, for example, in blood samples.

To our knowledge, there are only two studies investigating the

association of CB1 receptor expression with disease outcome

in cancer in general, and none for prostate cancer. Michalski

and colleagues33 recently reported data from 37 pancreatic tu-

mour samples. A high CB1IR was associated with a shorter

survival time (median 6 months) than a low CB1IR (median

16 months). These data were corroborated by the authors

with quantitative RT-PCR in a separate cohort of 53 cancer
samples.33 In contrast, disease-free survival in hepatocellular

carcinoma was reported to be lower in 35 patients with a low

CB1IR than in the 29 patients with a high CB1IR34 suggesting

that the role of the CB1 receptor is highly dependent upon

the cancer form studied.

In conclusion, the present study has extended the studies

using cultured cells13 to demonstrate that a high CB1IR immu-

noreactivity is associated with a more severe form of the dis-

ease at diagnosis and a poorer outcome. Future studies

investigating other components of the endocannabinoid sys-

tem in our patient series are clearly warranted, as are inves-

tigations of the CB1IR in metastatic tissue. The finding that

the CB1IR is associated with disease outcome in the patients

with Gleason scores of 6–7 and 6 alone is of potential clinical

importance, given that treatment decisions are difficult for

such patients.

Conflict of interest statement

None declared.
Acknowledgements

The authors thank Pernilla Andersson and Eva Hallin for their

expert technical assistance. The authors are indebted to Dr.

Thomas Brännström for providing us with the human cere-

bellum sample, and Drs. Michelle Glass, Scott Graham, Mi-

chael Elphick and Thomas Brännström for their help and

advice concerning the assessment of CB1 receptor immunore-

activity in this sample. We are grateful to Dr. Hans Stenlund

for his advice on the statistical treatment of the data. The

authors also thank the Swedish Science Council (Grant No.

12158, medicine, C.J. Fowler); the Swedish Cancer Society

(Grant No. CAN 2007/712, Anders Bergh; Grant No. CAN

2007/693, Pär Stattin); and the Research Funds of the Medical
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Appendix 1

CB1IR in forebrain samples from mice either expressing (panel

A) or lacking (panel B) receptors. Paraffin-embedded, forma-

lin-fixed specimens were obtained from wild-type (CBþ=þ1 ),

heterozygote (CBþ=–
1 ) and knock-out (CB–=–

1 ) mice that were

generated and genotyped as described previously.35 The in-

sets show a low magnification (4·) forebrain, whilst a part

of the forebrain at a higher magnification (20·) is shown in

the main figures. In panel C, CB1IR for prostate tissue (magni-

fication 20·) is shown (see Fig. A1).

Appendix 2

Frequency distribution of the CB1IR scores for the non-malig-

nant (n = 372) and tumour (n = 349) tissue. The data are

grouped in the blocks of 0.5 around the value (‘bin center’) gi-

ven on the abscissae. In the inset, the corresponding values

are shown for the blocks of 0.1 for bins in the vicinity of the

median value for the entire population (see Fig. A2).
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Fig. A2
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Appendix 3

Kaplan–Meier plots for the fraction survival of untreated pa-

tients with non-malignant tissue CB1IR scores of <2 or P2

(see Fig. A3).
Fig. A3
R E F E R E N C E S
1. American Cancer Society. Cancer facts & figures 2007. Atlanta:
American Cancer Society; 2007.

2. Routh JC, Leibovich BC. Adenocarcinoma of the prostate:
epidemiological trends, screening, diagnosis, and surgical
management of localized disease. Mayo Clin Proc
2005;80(7):899–907.

3. Graham J, Baker M, Macbeth F, Titshall VGuideline
Development Group. Diagnosis and treatment of prostate
cancer: summary of NICE guidance. BMJ 2008;336(7644):610–2.

4. Bylow K, Mohile SG, Stadler WM, Dale W. Does androgen-
deprivation therapy accelerate the development of frailty in
older men with prostate cancer? a conceptual review. Cancer
2007;110(12):2604–13.

5. Klotz L. Active surveillance for favorable-risk prostate cancer:
who, how and why? Nat Clin Pract Oncol 2007;4(12):692–8.

6. Howlett AC, Barth F, Bonner T, et al. International Union of
Pharmacology. XXVII. Classification of cannabinoid receptors.
Pharmacol Rev 2002;54(2):161–202.

7. Fowler CJ. The cannabinoid system and its pharmacological
manipulation – a review, with emphasis upon the uptake and
hydrolysis of anandamide. Fundam Clin Pharmacol
2006;20(6):549–62.
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