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The CB2 cannabinoid receptor regulates human sperm
cell motility
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Biology Program, Department of Medicine, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston,
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Objective: To analyze the expression and distribution of cannabinoid receptors in human sperm cells and evaluate the
effects of activation of receptors by specific agonists and antagonists, with a special emphasis on the CB2 receptor.
Design: We performed expression assays for CB1 and CB2 by reverse transcriptase PCR, Western blot, and immu-
nofluorescence techniques in spermatozoa and performed motility analysis after incubation of semen samples with
cannabinoid agonists and CB2 antagonist SR144528.
Setting: Academic research laboratory.
Patient(s): Semen from 50 normozoospermic, healthy human donors.
Intervention(s): Spermatozoa isolated from semen by two consecutive swim-ups were used for all techniques.
Main Outcome Measure(s): Reverse transcriptase PCR amplification gels, immunoblots, indirect immunofluores-
cence antibody assays, and percentage of motile sperm.
Result(s): We have verified the presence of CB1 and CB2 receptors in human spermatozoa. The distribution of both
of these receptors was distinct. Incubation with selective cannabinoid receptor agonists induced a significant
reduction in the proportion of rapidly progressive motile spermatozoa, and whereas the CB1 agonist increased
the proportion of immobile sperm cells, the CB2 receptor agonist increased the slow/sluggish progressive sperm
cell population. The effect of the CB2 agonist was antagonized by the CB2-specific antagonist.
Conclusion(s): The functional CB2 cannabinoid receptor is present in human spermatozoa and regulates the
sperm motility in a more distinct manner than CB1. (Fertil Steril� 2010;93:1378–87. �2010 by American Society
for Reproductive Medicine.)
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Endocannabinoids are fatty acid derivates that exert their
effects by binding to membrane receptors. To date, two can-
nabinoid-specific Gi/o protein–coupled receptors have been
cloned and characterized from mammalian tissues. They
show distinctive distribution profiles (1): the CB1 cannabi-
noid receptor (2) is expressed in a wide variety of tissues,
being particularly abundant in the brain, whereas the CB2

receptor (3) is mainly expressed in the immune system. In
the male reproductive system, the CB1 receptor is widely dis-
tributed in different organs, such as the prostate gland (4) and
testis (5), and in Leydig cells (6). In contrast, the CB2 canna-
binoid receptor has been reported to be found in the prostate
epithelium (7), testis (8), and Sertoli cells (9). The presence
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of cannabinoid receptors has been demonstrated in sperm
and was first reported sea urchins (10), which was followed
by the discovery in sperm of vertebrates such as humans
(11, 12), boars (13), mice, rats, and frogs (6, 14).

The main psychoactive component of marijuana, delta9-
tetrahydrocannabinol (THC), produces a marked decrease
in the levels of plasma PRL and LH in rats (15) and in testos-
terone production by the Leydig cells of the testis (16). More
recently, it has been reported that anandamide (AEA), an
endogenous cannabinoid ligand, also decreases serum LH,
PRL, and testosterone levels in rats (17, 18).

Results obtained from sea urchins showed that cannabi-
noids can reduce the fertilizing capacity of sperm (19, 20)
by inhibiting the acrosome reaction (21). It has thus been pro-
posed that cannabinoid receptors in sea urchin sperm could
have a role in the blockade of the acrosome reaction (22).

Anandamide is known to be present in seminal plasma (11)
and has been implicated in the inhibition of sperm motility
and the acrosome reaction via CB1 activation (12–14). In
fact, boar sperm cells have recently been reported to contain
the biochemical machinery to bind and degrade AEA (13).
More recently, it has been postulated that in mice, modulation
of the endocannabinoid signaling occurs in the caput
0015-0282/10/$36.00
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epididymis, because sperm precociously acquire motility in
this area in the absence of CB1 (23).

Analyses of cannabinoid function reported to date have
focused on the implication of the CB1 receptor in sperm
cell function. However, although some authors did not dis-
card the presence of CB2 receptors in sperm cells (24), a clear
characterization of this receptor on sperm has not yet been
performed. Therefore, the current study was aimed at charac-
terizing in depth, using a variety of experimental methods,
the differential expression, distribution, and function of the
two cannabinoid receptors in human sperm cells, with special
emphasis on the role of CB2 in spermatozoa motility.
MATERIALS AND METHODS

Reagents

ACEA was obtained from Tocris Bioscience (Ellisville, MI).
JWH-015 and all other reagents were purchased from Sigma-
Aldrich (St. Louis, MO).

Sperm Preparation

Human semen was obtained by masturbation after 2 to 3 days
of abstinence. All of the donors (aged 25–40 years) were
healthy and normozoospermic according to World Health Or-
ganization standards (25) and had no previous history of canna-
binoid drug consumption. Ethical approval was obtained from
the Ethics Committee of the University of the Basque Country
and from the Clinical Research Ethical Committee of the local
Cruces Hospital (Biscay, Gurutzeta, Spain). Informed consent
was obtained from all donors. Samples were ejaculated into
sterile containers and allowed to liquefy at 37�C for 30 minutes
before processing. Semen volume, as well as sperm concentra-
tion and motility, were measured for each sample.

A swim-up technique was applied twice to semen samples
to remove all nonmotile cells, such as round cells. We used
multiple tubes with small volumes of fresh semen (250 mL)
and 600 mL of Tyrode’s medium, described by Flesch et al.
(26) (100 mM NaCl, 21.7 mM lactate, 20 mM HEPES, 15
mM NaHCO3, 5 mM glucose, 3.1 mM KCl, 2.0 mM CaCl2,
1.0 mM pyruvate, 0.4 mM MgSO4, 0.3 mM NaH2PO4, and
100 mg/mL kanamycin, pH 7.4), per tube. This medium con-
tained 7 mg/mL of bovine serum albumin (BSA). After 60
minutes incubation at 37�C, most of the upper Tyrode layer
was removed from each tube. The resulting sample was placed
in a 15-mL centrifuge tube and centrifuged at 800 g for 10
minutes. We performed the second swim-up with this pellet
in the same way. Finally, the pellet was washed and resus-
pended in fresh BSA-free Tyrode’s medium for the estimation
of sperm concentration and motility. Only sperm cells col-
lected by means of this swim-up technique were used in sub-
sequent procedures. All samples were checked visually by
microscope to verify the absence of round cells.

Reverse Transcription-PCR Analysis

The RNA from swim-up spermatozoa, cerebral cortex, and
Jurkat cells were isolated with the RNeasy Protect kit
Fertility and Sterility�
(Qiagen, Hilden, Germany), including a deoxyribonuclease
(DNase) digestion step using an RNase-free DNase kit
(Qiagen) to exclude possible contamination by genomic
DNA. The quality of total RNA preparations of spermatozoal
RNA was verified by 2% agarose gel electrophoresis. Com-
plementary DNA was obtained with Transcriptor reverse
transcriptase (RT; Roche, Basel, Switzerland), and primers
used for PCR were as follows:

Human CB1 receptor
50- CGTGGGCAGCCTGTTCCTCA -30

50- CATGCGGGCTTGGTCTGG -30 (408 bp product) (27)
Human CB2 receptor
50- CGCCGGAAGCCCTCATACC -30

50- CCTCATTCGGGCCATTCCTG -30 (522 bp product) (27).
Human ACTB (b-actin)
50- TCCCTGGAGAAGAGCTACGA -30

50- ATCTGCTGGAAGGTGGACAG -30 (362 bp product;
exon spanning) (28) used as an internal control.

Polymerase chain reactions were performed using the fol-
lowing parameters: 95�C for 5 minutes, 40 cycles at 95�C for
30 seconds, 58�C for 30 seconds, and 72�C for 1 minute, fol-
lowed by a final extension step at 72�C for 5 minutes. The
mixture was electrophoretically separated on a 2% agarose
gel. The primers for CB1 receptors and CB2 receptors were
located on the same exon of each respective gene (i.e., they
do not span introns). Thus, we verified the possible carryover
of genomic DNA during the extraction process by performing
PCR in the absence of reverse transcriptase. If genomic DNA
were present, it would be amplified in subsequent PCR.

Primers for CD4 (forward, 50- CAGGGAAA-
GAAAGTGGTGC T -30; reverse, 50- TTCTGGTCCTCCA
CTTCACA -30; 275 bp; exon spanning) and acrosin (forward,
50- AACTCTGCGACAGAGGGAAA -30; reverse, 50- CACA-
CATTGGTTGGCTGAAC -30; 272 bp; exon spanning) were
used to exclude the presence of leukocyte contamination
and to verify the presence of sperm complementary DNA, re-
spectively (29). The melting temperature was 60�C for both
primer pairs. The RT-PCR products were analyzed by 2%
agarose gel electrophoresis.
Preparation of Sperm Membranes

Sperm membranes were prepared as previously described (30),
with a slightly modified lysis buffer (phosphate-buffered saline
[PBS] and 1% [v/v] Triton-X100, containing protease inhibitor
cocktail). Human cerebral cortex and Jurkat cell membranes
were prepared as previously described (31). A sample of the
human brain cortex was kindly donated by Leyre Urig€uen
(Euskal Herriko Unibertsitatea, Leioa, Basque Country, Spain)
and Jurkat cells were kindly donated by Juan Carlos Lacal
(Instituto de Investigaciones Biom�edicas, Madrid, Spain).
SDS/PAGE and Immunoblotting

Membrane pellets were suspended in lysis buffer, then
protein extracts were diluted in Laemmli sample buffer
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containing b-mercaptoethanol (5% v/v) and boiled for 5 min-
utes. Proteins (human sperm, approximately 106 cells per
lane; gray matter of the human prefrontal cerebral cortex,
30 mg; Jurkat cells, 30 mg) were loaded into 12% resolving
gels and separated by one-dimensional SDS/PAGE. Proteins
were then transferred to polyvinylidene fluoride (PVDF)
membranes using the Mini Trans-Blot electrophoretic trans-
fer system (Bio-Rad Laboratories, Hercules, CA). Blotted
membranes were treated and revealed as previously reported
(30). Polyclonal rabbit anti-CB1 receptor antiserum from the
first 99 amino acid residues from human CB1 (1:250; Affinity
BioReagents, Golden, CO) and anti-CB2 receptor antiserum
from the human CB2 receptor amino acids 20–33 (1:200;
Cayman Chemicals, Ann Arbor, MI) were used overnight
at 4�C. The membrane was incubated for 2 hours at room
temperature with a horseradish peroxidase-conjugated goat
anti-rabbit IgG secondary antibody (Affinity BioReagents,
Golden, CO) diluted 1:2,500. Membranes incubated without
the primary antiserum were used as negative controls.
Immunofluorescence

In order to immunocytochemically localize the two recep-
tors, sperm were isolated using swim-up as described previ-
ously, suspended in PBS, and smeared onto a slide coated
with poly-L-lysine. Duplicate slides were prepared for each
sample and were fixed with 3% paraformaldehyde for 10
minutes followed by incubation in cold methanol (–20�C)
for 10 minutes.

The slides were thenwashed three times in PBS and incu-
bated for 20 minutes in PBS/10% (v/v) bovine fetal serum.
For indirect immunofluorescence staining, slides were incu-
bated with anti-CB1 or anti-CB2 receptor antisera at a dilution
of 1:400 overnight at 4�C. Slides were then washed in PBS
three times, incubated with Alexa Fluor 488 goat anti-rabbit
IgG secondary antibody (Molecular Probes; Eugene, OR) for
2 hours at 37�C in the dark, washed in PBS three times, as-
sembled with Fluoromount G (EMS, Hatfield, United King-
dom) and finally examined by confocal microscopy. Two
negative controls were performed, [1] using a rabbit immuno-
globulin fraction instead of the specific primary antiserum
to eliminate the possibility that any staining was due to non-
specific binding of rabbit IgG before secondary antibody
addition and [2] omitting the primary antibody before sec-
ondary antibody addition.
Incubation Medium

Spermatozoa were separated by swim-up, washed, and resus-
pended to approximately 30 � 106 cell/mL. They were then
incubated at different times at 37�C with different doses of
CB1 selective agonist (ACEA) and CB2 selective agonist
(2-methyl-1-propyl-1H-indol-3-yl)-1-naphtalenyl-methanone
(JWH-015) (duplicate incubations for each condition). The
basal solution and vehicle control in all cases was Tyrode’s
medium without BSA, because it is known to bind endocan-
nabinoids, thus impairing biochemical and functional assays
1380 Agirregoitia et al. CB2 receptor in human sperm
(13). The ACEA stock solution was prepared in ethanol and
JWH-015 was prepared in DMSO. Control incubations con-
tained the same amount of ethanol or DMSO. All media were
made on the day of use and maintained at an osmolarity of
300 mOsm kg�1 at pH 7.4 and 37�C.

We evaluated the effects of activation of each cannabinoid
receptor by these specific agonists at concentrations of 10�5

M, 10�6 M and 10�7 M used in previous studies (12). In order
to ascertain the specificity of the action of the CB2 agonist,
we assayed antagonism with equimolecular doses of
SR144528 prepared in DMSO (added at the same time than
agonist). Finally, parallel control experiments were per-
formed to evaluate if this antagonist, alone, induces some
effect on sperm motility.
Motility Analysis

Motility analysis was conducted by computer-assisted sperm
analysis (CASA) (Sperm Class Analyzer, S.C.A., Microptic,
Barcelona, Spain) at 0, 0.5, 1, and 2 hours following drug ad-
dition to the medium. Setting parameters and the definition of
measured sperm motion parameters for CASA were estab-
lished by the manufacturer: number of frames to analyze:
25; number of frames/s: 25; straightness threshold: 80%;
cell size range (low): 2; cell size range (high): 60; volume
R 3.0 mL; sperm concentration/mL R 20 � 106; forward
motility R 60%. To measure both sperm concentration and
motility, aliquots of semen samples (7.5 mL) were placed
into a prewarmed (37�C) Makler counting chamber (Sefi
Medical Instruments, Haifa, Israel). A minimum of 100
sperm from at least two different drops of each sample was
analyzed from each specimen. Percent motile sperm was de-
fined by the World Health Organization (25): ‘‘A’’ grade
sperm (rapidly progressive with velocity R25 mm/s at
37�C), ‘‘B’’ grade (slow/sluggish progressive with velocity
R5 mm/s but < 25 mm/s), ‘‘C’’ grade (nonprogressive motil-
ity with velocity < 5 mm/s) and ‘‘D’’ grade (immobile).
Statistics

Results shown represent mean � SEM. Statistical analysis
was performed by ANOVA with a post hoc analysis by the
protected least significant difference test (SPSS v14.0;
SPSS Inc., Chicago, IL).
RESULTS

No somatic contamination of sperm samples was observed
under microscopy following the double swim-up performed
to remove all nonmotile cells (data not shown). As shown in
Figure 1A, a wide range of RNAwas isolated from pure prep-
arations of spermatozoa. The absence of detectable 18S and
28S bands in the spermatozoal preparation, compared with
the cerebral cortex and Jurkat cell controls, is indicative of
the absence of large amounts of such RNA species in the
sperm samples (32). Moreover, the absence of CD4 in the
spermatozoal preparation indicates the absence of leukocyte
Vol. 93, No. 5, March 15, 2010



FIGURE 1

(A) Electrophoretic analysis of RNA preparations from spermatozoa (Sp), cerebral cortex (Cx) and Jurkat cells
(Jr), showing the absence of detectable 18S and 28S bands in spermatozoal sample. (B) Electrophoretic analysis
of RT-PCR products for CD4 and acrosin in human sperm samples, showing the absence of CD4 and the
presence of acrosin (272-bp band).

Agirregoitia. CB2 receptor in human sperm. Fertil Steril 2010.
contamination, whereas the presence of acrosin verifies the
presence of sperm complementary DNA (Fig. 1B).
Human Sperm Cells Maintain Cannabinoid Receptor
mRNA

We detected the presence of CB1 and CB2 receptor transcripts
in human spermatozoa using RT-PCR. The expected 408-bp
fragment for CB1 receptor was detected in samples of gray
matter of human prefrontal cerebral cortex (positive control)
and in sperm but not in Jurkat cells (negative control; Fig. 2).
The 522-bp fragment corresponding to the CB2 receptor was
detected in Jurkat cells (positive control) and in sperm, but
not in samples of gray matter of human prefrontal cerebral
cortex (negative control; Fig. 2). The housekeeping gene
ACTB was detected in all tissues (Fig. 2). The absence of am-
plicons in the retrotranscriptase negative controls confirms
the absence of genomic DNA in each tissue (Fig. 2).
FIGURE 2

Ethidium bromide-stained 2% agarose electrophoresis g
cannabinoid receptors and b-actin (ACTB) in human sper
cortex and Jurkat cells. CB1: amplified fragment using pri
(408-bp band). CB2: amplified fragment using primers spe
band). ACTB was used as an internal control (362bp ban
absence of reverse transcriptase. n ¼ 5; a representative

Agirregoitia. CB2 receptor in human sperm. Fertil Steril 2010.
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Human Sperm Cells Express CB1 and CB2 Receptor
Proteins

Figure 3 shows representative Western blots using plasma
membranes from human sperm, gray matter of human prefron-
tal cerebral cortex, and Jurkat cells. The anti-CB1 receptor
polyclonal antiserum labeled a band at 58 kDa in sperm protein
extracts and in the cortex, but not in Jurkat cells (Fig. 3A). The
anti-CB2 receptor polyclonal antiserum recognized a band at
44 kDa in sperm and in Jurkat cells, but not in the gray matter
of the prefrontal cerebral cortex (Fig. 3B). When anti-CB1

or anti-CB2 receptor antisera were omitted before secondary
antibody addition, no bands appeared (data not shown).
Localization of CB1 and CB2 Receptors in Human Sperm

Immunofluorescence analysis revealed that the CB1 receptor
was present in the plasma membrane at the front part of the
sperm head (over the acrosomal region), in the middle region,
el of the RT-PCR products for CB1 and CB2

m, gray matter from the human prefrontal cerebral
mers specific for the human CB1 cannabinoid receptor
cific for the human CB2 cannabinoid receptor (522-bp
d). –RT indicates the negative control obtained in the
RT-PCR experiment is shown.

1381



FIGURE 3

(A) Western blotting analysis of CB1 receptor in
human sperm (Sp), gray matter from the human
prefrontal cerebral cortex (Cx) and Jurkat cells (Jr).
(B) Western blotting of protein extracts from Sp, Cx
and Jr, using a rabbit antiserum against the CB2

receptor. Molecular weights (kDa) are indicated on
the left. Western blots representative of those
obtained with five normozoospermic donors are
shown.

Agirregoitia. CB2 receptor in human sperm. Fertil Steril 2010.
and along the tail (Fig. 4A). In approximately 15% of cells,
prolonged staining of the postacrosomal region in the head
was observed (Fig. 4B). In contrast, CB2 cannabinoid recep-
tor immunostaining was found mainly in the plasma mem-
brane at the sperm head in the postacrosomal region, in the
middle region, and less intensely in the tail (Fig. 4C). In
20% of cells, we observed staining in the front part of the
head (Fig. 4D). When the anti-CB1 and anti-CB2 receptor
antisera were omitted before secondary antibody addition,
specific fluorescence was not evident (Fig. 4E). Unspecific
FIGURE 4

Immunofluorescence analysis of cannabinoid receptors in
and CB2 (C and D) cannabinoid receptors is shown. A neg
antiserum and its phase contrast image (F) is shown. Als
consisting of incubation with rabbit immunoglobulin fract
contrast image (H); n ¼ 3. Representative photomicrogra

Agirregoitia. CB2 receptor in human sperm. Fertil Steril 2010.
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binding was not observed in the presence of rabbit immuno-
globulin fraction (Fig. 4G).
Effects of Cannabinoid Agonists and Antagonists on Sperm
Motility

The CB1 receptor agonist ACEA decreased the percentage of
A grade spermatozoa in a dose-dependent (Fig. 5A) and
time-dependent (Fig. 5C) manner, whereas the percentage of
D grade cells increased (Fig. 5 A and C). The differences
were significant for A and D grades at 2 hours and at a concen-
tration of 10�5 M ACEA (Fig. 5 A and C). The percentage of C
and B grade cells was unaffected during the incubation time
(Fig. 5C) and at different ACEA doses at 2 hours (Fig. 5A).

Challenge with the CB2 receptor agonist JWH-015 de-
creased the percentage of A grade cells in a dose-dependent
(Fig. 5B) and time-dependent (Fig. 5D) manner, compared
with vehicle-treated cells, whereas B grade motility analysis
showed a dose-dependent (Fig. 5B) and time-dependent
(Fig. 5D) increase on JWH-015 treatment. The differences
were significant for A and B grades at 2 hours and at a concen-
tration of 10�5 M JWH-015 (Fig. 5B and D). In this case, the
percentage of C and D grade cells remained unaffected during
the incubation time (Fig. 5D) and at different JWH-015 doses
at 2 hours (Fig. 5B).

To further analyze the CB2-selective effect of JWH-015 at
2 hours, we coincubated this compound with the same con-
centration of the CB2 antagonist SR144528. The effect of
JWH-015 on the percentage of A and B grade sperm motility
cells was blunted by coincubation with SR144528, the effect
human sperm cells. The distribution of CB1 (A and B)
ative control (E) consisting of omission of the primary

o illustrated is an additional negative control (G)
ion instead of the primary antiserum and its phase
phs are shown. The scale bar represents 10 mm.
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FIGURE 5

Effects of agonists of the CB1 receptor (ACEA) and CB2 receptor agonists (JWH-015) on human sperm motility.
(A) Dose-response to ACEA, measuring the percentage of A, B, C and D grade sperm after incubation for 2 hours
(n ¼ 5; aP < 0.05 vs. control; bP < 0.01 vs. control; cP < 0.05 vs. ACEA-treated [10�7 M] cells; dP < 0.05 vs. all
other compared treatments for this grade). (B) Response to varying doses of JWH-015 in terms of the percentage
of A, B, C and D grade sperm after incubation for 2 hours (n¼ 5; aP< 0.05 vs. control; bP< 0.01 vs. control; cP<
0.05 vs. all other compared treatments for this grade). (C) Time-course of percentage of A, B, C and D grade
sperm after addition of ACEA 10-5 M (n¼ 5, aP< 0.05 vs. hour 0; bP< 0.01 vs. hour 0; cP< 0.05 vs.0.5 hours). (D)
Time-course of percentage of A, B, C and D grade sperm after JWH-015 (10�5 M) addition (n ¼ 5; aP < 0.05 vs.
hour 0; bP < 0.01 vs. hour 0).
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being significant at 10�5 M (Fig. 6). Incubation with the CB2

antagonist SR144528 alone did not further alter the motility
of sperm in the samples (Fig. 6).
DISCUSSION

CB1 and CB2 cannabinoid receptor expression has been re-
ported in a wide variety of tissues. Recently, the expression
and function of the CB1 receptor in human and boar sperma-
tozoa has been reported (12, 13). However, much less is
known about the role of the CB2 receptor in these cells.
The present study demonstrates for the first time that func-
tional CB2 receptors are present in human spermatozoa and
that their activation modulates sperm cell motility.

CB1 mRNA has been detected previously in ejaculated hu-
man sperm (12). Here, we report the presence of both CB1
Fertility and Sterility�
and CB2 mRNA in mature sperm cells, indicating that canna-
binoid receptor proteins are synthesized by spermatogenic
cells in the testis, rather than being acquired during transit
via the epididymis, as are certain other plasma membrane
proteins that are required for fertilization (22, 33). This
idea is reinforced because CB1 protein has been detected dur-
ing all stages of sperm development, from spermatogonia to
mature spermatozoa, in the mouse testis (6). Moreover, the
presence of CB receptor proteins cannot be attributed to re-
lease from prostasomes (34, 35), because CB receptors
have not been reported in these membranous storage vesicles
(36). The function of this mRNA in mature spermatozoa is
currently unknown. It has been reported that mature mamma-
lian sperm are not transcriptionally active, because of their
highly condensed chromatin and the scarcity of cytoplasm
capable of supporting translation (37). Therefore, it has
1383



FIGURE 6

Effects of CB2 receptor agonism (JWH-015) and antagonism (SR144528) on human sperm motility. (A) Dose-
response to JWH-015, JWH-015 þ SR144528 or SR144528 alone, in terms of the percentage of A grade sperm
after incubation for 2 hours (n ¼ 5; aP< 0.05 vs. all other compared treatments for this concentration). (B) Dose-
response to JWH-015, JWH-015 þ SR144528 or SR144528 alone, in terms of the percentage of B grade sperm
after incubation for 2 hours (n ¼ 5; aP < 0.05 vs. all other compared treatments for this concentration). (C) Time-
course of modulation of the percentage of A grade sperm after addition of JWH-015, JWH-015 þ SR144528 or
SR144528 (10�5 M; n¼ 5; aP< 0.05 vs. hour 0). (D) Time-course of alteration of the percentage of B grade sperm
after addition of JWH-015, JWH-015 þ SR144528 or SR144528 (10�5 M; n ¼ 5, aP < 0.05 vs. hour 0).
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been postulated that sperm cells may retain some mRNA
expressed during spermatogenesis (38) to be subsequently
translated during the early stages of zygote formation (39).
In line with this idea, previous studies have shown that
some mRNAs are selectively kept in mature sperm cells,
whereas others are always absent (28, 40). Thus, it is possible
that CB1 and CB2 receptor mRNAs are selectively main-
tained in mature sperm cells to be subsequently translated
into protein at fertilization.

Western blot analysis revealed the presence of CB1 and
CB2 protein in human spermatozoa. In regard to CB1, the
band of approximately 58 kDa, which also appeared in the
sample of gray matter from the human prefrontal cerebral
cortex, coincides in size with previous reports (12, 31, 41).
Alternatively, the band of approximately 44 kDa, observed
in human sperm using an anti-CB2 antibody, also appeared
in Jurkat cells, was used as a positive control, and approxi-
1384 Agirregoitia et al. CB2 receptor in human sperm
mately corresponds to its theoretical molecular mass (42).
Maccarrone et al. (13) showed a weak signal for CB2 canna-
binoid receptors in Western blot and that approximately 15%
of specific binding of [3H]CP55.940 to boar sperm was
blocked by the CB2 cannabinoid receptor selective antagonist
SR144528. Therefore, our data extend these results and cor-
roborate the existence of the CB2 receptor in human sperm.

Immunofluorescence analysis of human spermatozoa also
revealed the presence of CB1 and CB2 receptors on the
plasma membrane. CB1 staining over the acrosomal region
and midpiece of sperm cells corroborated the findings of pre-
vious studies (12), although we also detected immunoreactiv-
ity in the tail; this receptor was detected in the postacrosomal
region, as reported for boar sperm (13), in only a few cells.
Alternatively, CB2 receptor immunoreactivity was mainly
localized in the postacrosomal region, midpiece, and the
tail of sperm cells. The unique distribution patterns of CB1
Vol. 93, No. 5, March 15, 2010



and CB2 receptor immunoreactivity suggest that these recep-
tors may participate in distinct physiological processes. It is
noteworthy that the localization of cannabinoid receptors
was not homogeneous throughout the sample, as has been de-
scribed for a wide array of receptors and proteins (40, 43, 44).
These different staining patterns detected in the same sam-
ples would indicate that the membranes of these cells may
be in a different functional state, because during the activa-
tion of the sperm cell, which can take place spontaneously
(13), the sperm plasma membrane undergoes reorganization
to achieve the ability to fertilize the oocyte (45).

Spermatozoa mature during epididymal transit because of
a series of morphological, biochemical, and physiological
changes. Once human spermatozoa, in seminal plasma, are
deposited in the vagina, they must swim through the cervical
mucus, traverse the uterus, enter the oviduct, and finally bind
to the oocyte if they have been ‘‘capacitated’’ during transport
through the female reproductive tract (46). The different
physical and chemical composition of microenvironments
that spermatozoa encountered, will condition the sperm mo-
tility patterns (47). Regarding the cannabinoids, it has been
suggested the possible existence of an AEA-gradient within
the female reproductive tracts regulated by the differential
expression of enzymes involved in the release and removal
of AEA in mouse oviducts (48). Consequently, variable con-
centrations of different endocannabinoids encountered in the
male and female reproductive tracts could in principle mod-
ulate sperm cell motility in a differential manner. Thus, the
increase in the proportion of immotile sperm produced by
the selective CB1 receptor agonist ACEA in a time- and
dose-dependent manner corroborates the inhibitory role as-
signed to the CB1 receptor in previous works (12, 14, 22).
In contrast, incubation of sperm cells with a selective CB2 re-
ceptor agonist JWH-015, did not increase the proportion of D
grade, immotile sperm, but instead shifted a proportion of
cells from A grade to B grade motility. This effect of the
CB2 agonist was reversed by the CB2 receptor specific antag-
onist SR144528, demonstrating the specificity of this effect.

This differential modulation of sperm cell motility by CB1

and CB2 receptors confers additional degrees of freedom on
the endocannabinoid signaling system, thus allowing greater
fine tuning. Because an endogenous agonist will simulta-
neously activate both CB1 and CB2 receptors, leading to
up- and down-regulation of the motility of subpopulations
of sperm cells, the resulting physiological effects of the pres-
ence of agonist can be highly variable, in a dose-dependent
manner. In fact, it has already been reported that decapacita-
tion molecules (49) are adsorbed onto the sperm head plasma
membrane during transit through the male and female repro-
ductive tracts to stabilize the spermatozoa, preventing it from
capacitation and concomitant hyperactive motility (46).
Thus, the completion of capacitation in an inappropriate
place could result in poor sperm transport (50) and could
mark the beginning of cell-membrane destabilization (51).
Alternatively, only spermatozoa that have good progressive
motility are able to enter the mucus (52), suggesting that
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the control of motility must be well regulated to maintain
spermatozoa in the needed state at the needed moment. Con-
sequently, the concentration of endocannabinoids through the
male and female tracts, the level of expression of cannabinoid
receptors in spermatozoa and the affinity of these substances
for the CB1 and/or CB2 receptors may participate critically in
the control of sperm motility, and each receptor subtype may
regulate sperm cell behavior in vivo in a distinct manner. As
a corollary, it may be important to caution that the consump-
tion of exogenous cannabinoids, such as THC, could likewise
disrupt the fine-tuned physiological processes associated
with sperm cell motility (53, 54).

The results of the present study together with previous
studies (11, 22, 54) demonstrate that the role of cannabinoids
in the regulation of male reproductive physiology is more
complex than thought until now, because these compounds
have a direct effect on the hypothalamus-pituitary-gonad
axis (18) and on human sperm. Importantly, the presence of
the CB2 receptor in these cells suggests a more relevant
role of cannabinoids in regulating sperm physiology, in
both male and female reproductive tracts. The distinct effects
of CB1 and CB2 receptor activation on the motility of sperma-
tozoa together with the distinct expression patterns suggest
that each receptor type has specific functions, because the
highly polarized structure and function of spermatozoa re-
quires the compartmentalization of particular metabolic and
signaling pathways to specific regions (55, 56). Moreover,
the present results raise the intriguing possibility that the en-
docannabinoid system, through the synthesis and degradation
of different ligands, may tightly control sperm motility at dif-
ferent steps of the reproductive process. It will be interesting
to determine whether deregulation of this signaling system
occurs in pathologies involving sperm cell motility.

In conclusion, we report for first time the presence of func-
tional CB2 cannabinoid receptors in human sperm mem-
branes and we show that CB1 and CB2 receptors participate
in distinct manners in regulating sperm motility. These find-
ings suggest that the cannabinoid system may be a useful
biochemical tool for the diagnosis and treatment of male
infertility and increase the potential therapeutic applications
of nonpsychotropic cannabinoid compounds.
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