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Summary. The presence of CB1 and CB2 cannabinoid
receptors and their physiological role in the kidney has
been described in animal models but not in humans. Our
aim in this study was to evaluate the presence of these
receptors in human kidney, adult and fetal. For this
purpose, RT-PCR, western-blot and immunohisto-
chemical assays were performed. RT-PCR confirmed the
presence of CB1 receptor mRNA receptor and the
absence of the CB2 receptor mRNA in adult and fetal
kidney. Western-blot and immunohistochemical assays
revealed the presence of the CB1 cannabinoid receptor
protein, which displayed a similar distribution in fetal
and adult kidneys. Proximal and distal convoluted tubule
cells and intercalated cells in the collecting ducts showed
marked positivity. Conversely, the CB2 cannabinoid
receptor protein was consistently negative in all cases.
Our data suggest a possible implication of the
endocannabinoid system in the physiology and
development of the human kidney.
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Introduction

Cannabinoids such as 0-9-tetrahydrocannabinol
(THC) and their endogenous analogues, anandamide and
2-arachidonoylglycerol, exert important pharmacological
and physiological actions by activating CB1 and CB2
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receptors in mammals (Matsuda et al., 1990; Munro et
al., 1993; Mackie, 2008). Although initial studies
suggested that these G protein-coupled receptors were
specifically distributed in the central nervous system
(CB1) and in peripheral immune system (CB2), it is
becoming clear that they are widely distributed in
mammalian tissues (Mackie, 2008).

CB1 receptors are considered principally responsible
for the cognitive, behavioral, motor and antinociceptive
effects of cannabinoids (Childers and Breivogel, 1998).
However, these proteins and/or their mRNAs have also
been described in human digestive, adipose, eye, bone,
respiratory, cardiocirculatory and reproductive cells. On
the other hand, CB2 receptors are also expressed in
many organs, including the central nervous system
(Galiegue et al., 1995; Van Sickle et al., 2005;
Bermudez-Silva et al., 2008; Gratzke et al., 2009;
Agirregoitia et al., 2009). This ubiquity allows these
receptors to participate in several physiological
processes, and its imbalance has been implicated in
several pathological conditions (Fride, 2004; Engeli,
2008; Mackie, 2008; Flygare and Sander, 2008; Fride et
al., 2009).

Few studies about the presence and role of CB1 and
CB2 receptors have been reported in the kidney, most of
them being performed in animal models (Deutsch and
Chin, 1993; Deutsch et al., 1997; Koura et al., 2004; Li
et al., 2006; Janiak et al., 2007). So, the aim of this study
was to analyse their expression in human fetal and adult
kidneys.

Materials and methods

The authors declare that all the experiments carried
out in this study comply with current Spanish and
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European Union laws and conform to the principles
outlined in the Declaration of Helsinki.

CB1 and CB2 mRNA expression analysis

An end-point PCR assay was used to detect the
mRNAs of the cannabinoid CB1 (CNRI) and CB2
(CNR2) receptors and to establish the identity of the
amplified products. Fresh renal tissues were obtained
from surgical specimens from 26 renal tumor patients
(21 male, 5 female; mean age: 63+5 years). Patient
consent and Hospital Ethics Committee approval were
obtained a priori. Non-tumor tissue samples were
collected as far as possible from the malignant lesion,
immersed in RNAlater (Ambion, Huntingdon, UK)
immediately after dissection and stored at -80°C until
use. Human fetal kidney total RNA was obtained from
Clontech (Palo Alto, CA, USA) and was a pool of 34
different renal samples from 12-31 week male and
female fetuses after spontaneous abortions.

RT-PCR reactions were performed as previously
described (Candenas et al., 2001; Varona et al., 2007,
Blanco et al., 2008). Total RNA of approximately 30 mg
of human renal tissue was isolated according to the
method described by Chomczynski and Sacchi (1987).
First-strand cDNA was synthesized from 25 pg of total
RNA of each human sample using Moloney murine
leukemia virus reverse transcriptase and random
hexamers according to the manufacturer’s instructions
(First-strand ¢cDNA Synthesis Kit, Amersham
Biosciences, Essex, UK). The resulting cDNA samples
were amplified by PCR with specific oligonucleotide
primer pairs designed with the analysis software Primer
3 (Rozen and Skaletsky, 2000). The sequence of the
primer pairs used were: a) human CNRI1, forward 5°-
AGGGGATGCGAAGGGATT-3’ and reverse 5’-
AGTGGTGATGGTGCGGAAG-3’, to amplify a PCR
product of 131 base pairs (bp); b) human CNR2, forward
5’-CACCCACAACACAACCCAAA-3’ and reverse 5°-
AGCCATCCTTGGAGCCATT-3’, giving a PCR product
of 110 bp. Based on previous experiments on human
renal cell carcinoma (Jung et al., 2007; Varona et al.,
2007; Blanco et al., 2008) the human gene succinate
dehydrogenase complex, subunit A (SDHA) was chosen
as an endogenous reference gene to assure that similar
amounts of cDNA were used in each of the RT-PCRs.
Sequences of forward and reverse primers for SDHA
were 5’-TCTGCCCACACCAGCACT-3" and 5°-
CCTCTCCACGACATCCTTCC-3’, respectively. The
expected size of the PCR product was 142 bp. All
primers were synthesized and purified by Sigma-
Genosys (Cambridge, UK). A pool of cDNAs from
twenty different human tissues (human total RNA master
panel, Clontech) was used as a positive control of
amplification.

PCR mixes contained 0.2 gmol primers, 1.5 U of
heat-activated thermostable DNA polymerase
(Immolase, Bioline, London, UK), the buffer supplied,

2.5 mmol MgCl,, 200 gmol dNTP’s and cDNA in 25 pul.
PCR was performed for 35 cycles with cycling
parameters of 15 s at 94°C; 20 s at 60°C and 20 s at
72°C. The PCR products were separated by agarose gel
electrophoresis and the amplicon sizes were verified by
comparison with a DNA mass ladder. mRNA levels for
the cannabinoids receptors and SDHA were analyzed on
each tissue, with each RT-PCR assay being performed in
triplicate. The identity of each product was established
by DNA sequence analysis.

Western-blot assays

We performed a western-blot analysis of 4 adult
kidneys. Membrane proteins (10 ug) were solubilized in
sample buffer and were resolved by electrophoresis in
12% SDS-PAGE gel. Then, proteins were transferred to
PVDF membranes. Blots were blocked in milk and
incubated overnight with the CB1 (1:250; ABR Affinity
BioReagents, catalog ref. PA1-743, Golden, CO, USA)
and CB2 polyclonal antibodies (1:200; Cayman
Chemical, catalog ref. 101550, Ann Arbor, MI, USA).
Later, the blots were washed and incubated for 2 hours at
room temperature with a horseradish peroxidase-
conjugated goat anti-rabbit igG secondary antibody
(1:2,500; Affinity Bioreagents, Golden, CO).
Membranes incubated without the primary antiserum
were used as negative controls. Immunoreactive bands
were visualized with the ECL system.

Immunohistochemical analysis

Archival material obtained from the files of the
Department of Anatomic Pathology, University Hospital
of Cruces, University of the Basque Country, Barakaldo,
Spain, was used for this study. Formalin-fixed and
paraffin-embedded material from adult kidneys obtained
from surgical specimens removed from traffic accident
victims and from aborted fetuses weighting between 300
and 500 gr (corresponding to 20-22 weeks) were
selected. Only optimally preserved material was
included in the analysis. A total of 16 adult and 23 fetal
kidneys were studied.

Consecutive slides of the selected blocks in every
case were stained with conventional hematoxylin-eosin
and with cannabinoid receptors CB1 and CB2 following
routine immunohistochemical methods in an
automatized immunostainer (Dako). For this purpose,
CB1 polyclonal antibody (ABR Affinity BioReagents,
catalog ref. PA1-743, Golden, CO, USA, working
dilution 1:1000) and CB2 polyclonal antibody (Cayman
Chemical, catalog ref. 101550, Ann Arbor, MI, USA,
working dilution 1:200) were used. The specificity of
these antibodies in human cells was previously assessed
by our research group (Agirregoitia et al., 2010).
Negative control slides were not exposed to the primary
antibody and were incubated in PBS and then processed
in the same conditions as the test slides. Samples were
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observed using a Nikon Eclipse 80i microscope.
Results
mRNA expression of cannabinoid receptors
RT-PCR revealed the presence of a single transcript,

corresponding to the expected product size encoding the
cannabinoid CB1 receptor (131 bp, Fig. 1). The identity

A
131 bp CNR1a
B
110 bp CNR2
142 bp SDHA

Fig. 1. mRNA expression of CB1 receptors in adult (A) and fetal (B)
human kidney. Agarose gel showing the presence of a single transcript,
corresponding to the expected product size encoding the cannabinoid
CB1 receptor (131 bp, CNR1). The mRNA encoding the 110 bp product
expected for the cannabinoid CB2 receptor (CNR2) was undetectable.
The expression of SHDA, used as an internal control, is also shown. M,
molecular size standards; +, positive control showing the expression of
all genes in a pool of cDNAs from 20 different human tissues; -,
negative control with no RNA in the reverse transcriptase reaction. The
figure is representative of results obtained in 26 different adult renal
samples and in a pool of cDNAs from 34 different fetal kidneys.

A B
MW (kDa) MW (kDa)
60
44
37
K Cx K J

Fig. 2. A. Western blotting analysis of CB1 receptor in human adult
kidney (K) and gray matter from the human cerebral cortex (Cx). B.
Western blotting of CB2 receptor in human adult kidney (K) and Jurkat
cells (J). Molecular weights (kDa) are indicated on the left.

of the amplified fragment was confirmed by DNA
sequence analysis. The CNRI transcript could be
observed in all tissues assayed after amplification of
cDNA for 35 cycles and was also present in a pool of 34
different fetal kidneys. Conversely, the mRNA encoding
the 110 bp product expected for the cannabinoid CB2
receptor was undetectable in cDNA from adult (Fig. 1A)
or fetal (Fig. 1B) renal tissues. The mRNAs of CNRI,
CNR2 and SDHA genes were all detected in the cDNA
pool used as positive control.

No PCR product was detectable when the samples
were amplified without the RT step, suggesting that
genomic DNA contamination was eliminated by DNase
treatment. Similarly, no products were detected when the
RT-PCR steps were carried out with no added RNA,
indicating that all reagents were free of target sequence
contamination. Fig. 1 shows the negative control with no
RNA in the reverse transcriptase reaction.

Western-blot and immunohistochemical expression of
cannabinoid receptors

The left lane in Figure 2A shows the expression of
the CB1 receptor in the adult kidney. The CB1 receptor
was found in all the samples. Two immunoreactive
bands were observed in each lane, one at around 60 kDa,
corresponding in size to the putative CB1 monomer, and
a lower molecular weight form at around 37 kDa. The
lower band could correspond to a deglycosylation and/or
proteolysis product of the 60 kDa band receptor (De
Jesus et al., 2006). The lane on the right of Fig. 2A
shows the presence of similar bands in the cerebral
cortex, used as a positive control for the CB1 receptor.
Fig. 2B shows the absence of CB2 receptors in kidney
tissues. Positive staining was however observed in Jurkat
cells, used as a positive control for the CB2 receptor,
with the appearance of the expected band at 44kDa (see
Fig. 2B, right lane).

With respect to immunohistochemical expression,
CBI1 receptor showed a well defined immunostaining
pattern along the nephron and a good correlation
between fetal (Fig. 3A) and adult kidneys (Fig. 3B).
Intense positive immunostaining was seen in proximal
and distal convoluted tubule cells in both cases. In
addition, principal and intercalated cells in adult
collecting ducts displayed a very distinct immuno-
staining pattern. Thus, whilst an intense positivity in the
intercalated cells was detected, principal cells were
completely negative (Fig. 4). Finally, fetal and adult
glomeruli, including the nephrogenic zone, showed
negative immunostaining with CB1 (Fig. 3).

Immunostaining of CB2 was completely negative at
any level in both cases, adult and fetal (data not shown).

Discussion

As a whole, the endocannabinoid system consists of
cannabinoid receptors (CB1 and CB2), endo-
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Fig. 4. High power view of normal collecting ducts of the adult kidney on
CB1 immunohistochemical sections. Notice that principal cells (PC)
showing clear cytoplasm are CB1 negative and alternate with
intercalated cells (IC) displaying dark cytoplasm and intense CB1
expression with apical microvilli reinforcement (original magnification, x
400).

cannabinoids, and the enzymes responsible for synthesis
and degradation of their endogenous ligands (Mackie,
2008). This system is being investigated in animal
kidneys but not in human ones. In fact, very few studies
on the expression of cannabinoid receptors’ mRNA have
been hitherto reported in humans (Shire et al., 1995;
Engeli et al., 2005).

Some descriptive and functional studies have
reported the presence of several components of the
endocannabinoid system in rat kidneys suggesting a
specific role in renal vasculature tone, glomerular
filtration rate, and diuresis (Deutsch and Chin, 1993;
Deutsch et al., 1997; Koura et al., 2004; Li and Wang,
2006). Koura et al. (2004) demonstrated that CB1
receptor mRNA and protein are found exclusively in the
intrarenal vascular system. However, Brown et al.
(2002) did not detect any expression of CB2 receptor in
rat kidneys. Additionally, Janiak et al. (2007) have
recently reported that long-term treatment with the CB1
antagonist rimonabant in a rat model of chronic renal
failure reduces renal lesions and preserves renal
function.
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In agreement with previous studies in human kidney
tissues (Engeli et al., 1995; Shire et al., 1995), we have
shown the presence of the CB1 receptor at the mRNA
level in the human kidney. In addition, our data show
that the mRNA encoding the CB2 receptor was not
expressed in human kidney. At the protein level, our data
demonstrated the presence of the CB1 receptor and the
absence of the CB2 receptor in human renal tissues. We
found CB1 immunostaining in proximal and distal
tubules and in the intercalated cells of adult collecting
ducts. Conversely, we failed to detect any vascular
expression of this receptor in human kidneys. However,
the current data are not sufficient to determine if this
reflects a species difference in the renal distribution of
the cannabinoid receptors.

The physiological role of different parts of the
nephron is related with signalling by several G-protein
coupled receptors that modulate natriuresis and acid-
basic transport (Kobori et al., 2007; Rothenberg et al.,
2007; Brown et al., 2009). Moreover, the activation of
some of these receptors, such as angiotensin AT1
receptors, indirectly activates CB1 receptors in human
kidney embryonic cultured cells (HEK293) (Turu et al.,
2009). In this sense, our data suggest that CB1 receptors
play some role in the regulation of tubular functions in
human kidney. Further studies will help to clarify the
precise role of the cannabinoid system in human renal
function.

Several studies supporting diverse embryonic and
fetal alterations due to cannabis use during pregnancy
have led to link the endocannabinoid system with the
development of mammalian tissues (Meyer et al., 2000;
Huizinik and Mulder, 2006). Most of these studies have
focused on central nervous system development. Thus, it
has been demonstrated that during fetal life
endocannabinoids regulate neural progenitor
differentiation and synaptogenesis via CB1 receptor
signaling (Galve-Roperh et al., 2006; Harkany et al.,
2007; Fride et al., 2009). With respect to the
development of peripheral organs, Buckley et al. (1998)
reported that the mRNA of the CB1 receptor is widely
distributed in rat peripheral tissues, including kidneys,
during embryo and fetal stages, thus suggesting that
cannabinoids may be involved in their development. In
this context, another finding of our study was the
presence of CB1 receptor in human fetal kidneys, and
the observation that CB1 expression was distributed
following the classic centrifugal pattern of maturation of
this organ (El-Dahr, 2004). Thus, while the maturing
proximal and distal tubules, occupying deeper position
in the renal cortex, showed intense CB1 expression,
immunostaining in the upper nephrogenic zone was
negative.

In summary, the present study demonstrates the
expression of the cannabinoid CB1 receptor in the
tubular system of fetal and adult human kidneys and
suggests the possible implication of the endocannabinoid
system, acting through the CB1 receptor, in the
physiology and development of this organ.
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