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Abstract 
Background: The cannabinoid receptor type 2 (CB2) is reduced in podocytes of animals 
and humans with Type 2 Diabetes Mellitus (T2DM), with activation of CB2 ameliorating 
albuminuria in animals. As albuminuria also is due to proximal tubule dysfunction, the aim of 
this study is to investigate tubular expression of CB2 under diabetic conditions in addition to 
the cell signaling pathways that underlie these changes. Methods: We characterized total CB2 
protein in diabetic animals and in Human Kidney 2 (HK2) cells exposed to elevated albumin 
and glucose, the levels of CB2 mRNA and protein. We also used latrunculin to determine if 
internalization of albumin was required to regulate CB2 levels. Finally, we characterized the 
levels of active and total AKT, ERK1/2 and p38 in response to albumin. Results: There were 
no changes to CB2 expression in kidney lysate from diabetic rats. In HK2 cells, expression of 
CB2 was unaltered following exposure to high glucose. High albumin treatment alone and 
in combination with high glucose, resulted in a significant reduction in CB2 receptor mRNA 
expression at 6 and 18 hours. CB2 protein expression was reduced at 6 and 24 hours, in high 
albumin and in combination with high glucose. Internalization of albumin was required to 
regulate CB2 levels, and inhibition of ERK1/2, did not rescue the loss of CB2 in response to 
albumin. Conclusion: We have demonstrated that internalization of albumin is required to 
reduce CB2 mRNA and protein expression in proximal tubules in vitro. Consequently, altered 
expression of CB2 in both the podocytes and tubules may contribute to the albuminuria 
observed in T2DM. 
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Introduction

Hyperglycemia is an etiologic factor for the development of diabetic nephropathy [1, 
2]. On the cellular level, hyperglycemia leads to the accumulation of extracellular matrix, 
thickening of the glomerular and tubular basement membrane, glomerulosclerosis and 
tubular fibrosis which leads to hyperfiltration through the glomerulus [1]. Hyperglycemia 
activates a number of key inflammatory cytokines which are produced by cells of the kidney 
during renal damage [3], which results in elevated levels of protein, specifically albumin, in 
the filtrate [1]. Microalbuminuria is the earliest clinical indicator of diabetic nephropathy, 
and it is associated with an increased risk for the development of kidney failure [4]. Diabetic 
nephropathy increases the risk of developing end stage renal failure [1], with a number of 
molecular targets identified as playing a role in diabetic pathophysiology. Recent studies 
focused on the endocannabinoid system [5] and its role in diabetic nephropathy [2, 6-8]. The 
endocannabinoid system is comprised of the endogenous lipid transmitters anandamide 
(AEA) and 2-arachidonoyl glycerol (2-AG) which act upon a select number of receptors 
including the cannabinoid receptors 1 and 2 (CB1 and CB2) [9]. This system is involved in 
energy homeostasis, glucose and lipid metabolism, energy intake and expenditure [10]. 
Research has demonstrated that modulation of the endocannabinoid system can reduce 
damage associated with diabetic nephropathy [2, 6, 8, 11, 12]. 

Recently, a study has focused on one specific member of the cannabinoid family, namely 
CB2 and its role in diabetic nephropathy. The CB2 receptor is expressed in both rat and 
human kidneys [2], however it is more abundant in immune cells and splenic tissue [13]. 
CB2 expression is altered in diabetic nephropathy. In humans with diabetic nephropathy, 
CB2 expression is reduced in glomerular podocytes and the endocannabinoid agonist 2-AG 
is reduced in the kidney [2]. Further, in a diabetic animal model, CB2 expression is reduced 
in podocytes [2]. However interestingly, the level of CB2 mRNA in diabetic whole kidneys 
is unaltered compared to control [2], perhaps due to recruitment of inflammatory cells in 
renal tissue. However, expression of CB2 specifically in proximal tubule cells exposed to 
hyperglycemic conditions is unknown.

Altered expression of CB2 mRNA and protein in podocytes is important in the regulation 
of the normal physiological processes in the glomerulus. Specifically, a study has shown that 
in an animal model of diabetes, treatment with CB2 agonist, AM1241, reduced podocyte 
protein loss and ameliorated albuminuria [2]. Further, treatment with AM1241 ameliorated 
albuminuria in a diabetes model. Thus, these in vivo data has demonstrated a protective role 
for the CB2 receptor signaling in albuminuria associated with diabetic nephropathy [2]. It 
is important to note that albuminuria is the result of both glomerular and proximal tubule 
dysfunction in vivo [14]. The link between activation of the receptor and altered albumin 
handling by the glomerulus has clearly been established; however the contribution of CB2 to 
tubular processing of albumin has not received much attention. 

The serine/threonine kinase AKT protein has been identified as an important 
regulator of renal hypertrophy and apoptosis induced by hyperglycemia [15]. Downstream, 
phosphorylation of AKT leads to the activation of a signaling cascade which regulates cell 
proliferation, migration, differentiation and cell survival, known as the mitogen activated 
protein kinase (MAPK) pathway. The MAPK cascade subsumes several proteins, including 
p38 and ERK1/2 which have been demonstrated to be involved in the pathogenesis of 
diabetic nephropathy [15-17]. Activity of the CB2 receptor has been linked to the AKT/MAPK 
signaling pathway [18, 19]. In vitro CB2 activation results in reduced phosphorylated ERK1/2 
protein expression [19] and conversely, CB2 antagonists can lead to greater and sustained 
activation of MAPK proteins [18], indicating that the mechanism of the CB2 receptor in 
diabetic nephropathy may mediate changes via the AKT/MAPK signaling pathway. The 
association between CB2 expression and AKT/MAPK has not been examined in the role of 
renal tubular damage in diabetic nephropathy. 

In the early stages of diabetic nephropathy, downstream renal proximal tubule cells 
are exposed to high levels of glucose, with increases in hyperfiltration leading to elevated 
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albumin and glucose in the filtrate and altered AKT/MAPK signaling [17, 20]. Therefore, the 
aims of this study were to determine: 1. expression of the CB2 receptor and its relationship 
with AKT/MAPK signaling in proximal tubule cells mimicking the diabetic phenotype, 2. 
determine if CB2 expression alters tubular processing of albumin and if so, 3. characterize 
whether CB2 receptor expression in proximal tubule cells is dependent on albumin 
internalization. 

Materials and Methods

Diabetic kidney
Six-week old male Sprague–Dawley (SD) rats were randomized to receive either 55 mg/kg of 

streptozotocin (STZ; Sigma, USA) diluted in 0.1 M citrate buffer pH 4.5 or citrate buffer (control) by tail vein 
injection following an overnight fast. 16 weeks after STZ treatment animals were killed and kidney tissues 
harvested. Experimental procedures adhered to the guidelines of the National Health and Medical Research 
Council of Australia's Code for the Care and Use of Animals for Scientific Purposes and were approved by the 
Animal Research Ethics Committee of St. Vincent's Hospital.

Cell Culture
Human proximal tubule cell line (HK2) and opossum kidney (OK) cells were maintained as previously 

described [21]. Cells were grown to 80 % confluence incubated in 5 mM glucose DMEM/F12 media without 
FBS (control) for 24 hours. Cells were then treated for 4, 6, 18 and 24 hours with control media or high 
glucose (25 mM), high albumin media (1 mg/ml) or both high glucose (25 mM) and high albumin (1 mg/ml). 
These concentrations have previously been published in proximal tubule cells lines and were selected to 
mimic the concentration of glucose and albumin that the proximal tubule would be exposed to in a diabetic 
and proteinuric states [22].

Real time PCR
In HK2 cells, following treatment, mRNA was extracted and real time PCR performed using previously 

described methods [21]. CB2 (Accession number NM _001841.2) was amplified with forward (5’-3’ 
ACTCCATGGTCAACCCTGTC) and reverse (5’-3’ GATCTCGGGGCTTCTTCTTT) primers. Control housekeeping 
gene, glyceraldehydes-3-phosphate dehydrogenase (GAPDH; accession number NM 002046.3) was also 
measured using forward (5’-3’ CAACGACCACTTTGTCAAGC) and reverse (5’-3’ TTACTCCTTGGAGGCCATGT) 
primers.

Western blot
HK2 cells were lysed and analysed via Western blot using previously described methods [21]. In 

addition, kidney lysate from STZ rats was prepared homogenization in HNT buffer (containing 20 mM 
HEPES, 120 mM NaCl, 0.6 % Triton-X, 5 mM EDTA and protease inhibitor cocktail).

40 µg of protein from HK2 lysate and 100 µg of whole kidney lysate was analysed via Western blot 
as described previously [21]. A polyclonal antibody for CB2 was purchased from Cayman Chemicals (Ann 
Arbour, MI), antibodies for phospho AKT, AKT, phosphor p38, p38, phosphor ERK1/2 and ERK1/2 were 
purchased from Cell Signalling Technology (Beverly, MA). Secondary antibodies anti-mouse and anti-rabbit 
were purchased from Sigma Aldrich (St Loius, MO). Primary antibodies were used at 1:1000 dilution 
and secondary antibodies were diluted 1:2000. CB2 protein expression was relative to β-Actin (Sigma 
Aldrich, St Louis, MO), and expressed as % of control. For analysis of phosphorylated protein, the ratio of 
phosphorylated to total protein was determined. 

Albumin Uptake
To measure the effect of CB2 and MAPK regulation of albumin uptake, opossum kidney cells were 

exposed to albumin conjugated to Texas Red (50 µg/ml) in the presence of specific inhibitors for two hours at 
37 °C as previously described [23] CB2 inhibitor AM630 (Cayman Chemical, Ann Arnour, MI) was used at 10 
µM concentration. ERK1/2 inhibitor U0126 (10 mM) and p38 inhibitor SB203580 (25 µM) were purchased 
from Cell Signalling Technology (Beverly, MA). Inhibitors were used at concentrations recommended by 
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manufacturer’s instructions. At the end of the albumin uptake period, cells were washed in HEPES buffer and 
lysed in MOPS buffer (20 mM MOPS, 0.1 % Triton X-100, pH 7.4). TR-albumin florescence was determined 
using an xMark™ Microplate Absorbance Spectrophotometer (Bio-Rad) at 580 nm excitation and 630 nm 
emission wavelengths. TR-albumin uptake was adjusted for background and standardized to treatment 
without the presence of inhibitors (control). 

To determine whether the expression of CB2 is dependent on albumin internalisation, HK2 cells were 
exposed to latrunculin to fragment the cytoskeleton and thus inhibit albumin endocytosis, according to 
previously described published methods with minor modifications [23]. Briefly, HK2 cells were treated for 
six hours with 1.5 µM latrunculin A (Sigma Aldrich, St Loius, MO) with control, high glucose, high albumin 
or both high glucose and albumin media, as outlined in the previous section. Cells were then lysed and 
analysed for CB2 receptor expression with western blot analysis.

Statistical Analysis
Data is presented as mean ± SEM. Statistical significance (considered when p < 0.05) was determined 

using an independent samples T-Test or One-Way ANOVA, with Tukey’s post hoc analysis used to determine 
differences between groups.

Results

Protein Expression of CB2 receptor in whole kidney lysate from diabetic rats
Renal expression and function of the CB2 receptor in the diabetic milieu is currently 

not well understood. Rats rendered diabetic with the injection of STZ had a significant 
increase in albuminuria, tubulointerstitial fibrosis, peritubular collagen IV accumulation, 
reactive oxygen species and macrophage infiltration, indicative of diabetic nephropathy [6]. 
Despite, a previous study demonstrating that podocyte levels of CB2 are reduced in animal 
and humans with T2DM [2], in whole kidney lysate, there was no difference in CB2 receptor 
protein levels between STZ and control animals relative to the β-actin loading control (n = 8, 
Fig. 1A and 1B). 

mRNA expression of CB2 receptor in proximal tubule cells in vitro
Quantitative ‘real time’ PCR analysis was used to determine if mRNA of the CB2 receptor 

is altered in proximal tubule cells exposed to the diabetic milieu. Following 4 and 24 hours 
exposure to the different treatments, CB2 mRNA expression was unaltered across treatment 
groups (n = 9). ‘Real time’ PCR analysis showed that proximal tubule cells exposed to high 
albumin exhibited significantly lower CB2 receptor expression (p < 0.05) following 6 hours 
(0.38 ± 0.12) and 18 hours (0.45 ± 0.05) treatment periods (Fig. 2) compared to control 

Fig. 1. A. Densitometric quantification of the CB2 receptor expression in whole kidney lysate from control 
and diabetic STZ treated animals (data expressed as mean ± SEM) B. Representative Western Blot of CB2 
receptor expression in Control and STZ kidney lysate with loading control β-Actin. N = 8.
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treatment (1.00 ± 0.19) conditions (n = 9). Further, CB2 receptor expression was also 
significantly reduced (p < 0.05) when high albumin combined with high glucose treatment 
(0.40 ± 0.04) was applied for 18 hours (n = 9, Fig. 2). High glucose treatment alone did not 
significantly alter CB2 receptor expression when compared to control treatment at any time 
interval.

Protein Expression of CB2 receptor in proximal tubule cells in vitro 
In addition to ‘real time’ PCR quantification of CB2 mRNA, western blot analysis was 

used to confirm that alterations protein expression of CB2. At 4 hours (Fig. 3A) and 18 hours 
(Fig. 3C) there was no significant change in CB2 receptor protein expression. Six hours high 
albumin treatment alone caused a significant reduction in CB2 receptor protein expression 
(0.50 ± 0.09, p < 0.05, n = 3 Fig. 3B) when compared to control treatment. The combination 
of high glucose and high albumin caused a significant reduction in CB2 protein expression 
following 6 and 24 hours treatment (0.43 ± 0.08 and 0.42 ± 0.05, p < 0.05, n = 3 Fig. 3B and 
3D, respectively). High glucose conditions did not significantly alter CB2 expression in HK2 
proximal tubule cells at any time interval. 

CB2 Receptor expression is regulated by albumin internalization
Proximal tubule cells are exposed to higher levels of albumin in diabetic nephropathy 

and are responsible for its reabsorption from the filtrate via endocytosis [25]. To determine 
whether CB2 receptor expression is mediated by exposure to increased albumin alone, or 
dependent on tubular internalization of albumin, latrunculin A (1.5 µM) was used to disrupt 
the actin microfilament network and abolish albumin uptake. Here, we demonstrated that 
when HK2 cells exposed to high glucose and albumin for six hours in conjunction with 
latrunculin A, there were no significant differences in CB2 receptor expression compared to 
control (n = 3, Fig. 4), indicating that the process of albumin endocytosis by proximal tubule 
cells is required for CB2 downregulation.

Alterations in AKT/MAPK signaling proteins in proximal tubule cells
To investigate whether changes in CB2 receptor expression corresponds with changes to 

AKT/MAPK signaling alterations, HK2 cells treated for six hours with media containing high 
albumin in the presence and absence of high glucose. Western blot analysis demonstrated that 
high albumin in the presence and absence of high glucose did not alter AKT phosphorylation, 
while high albumin alone led to significant increase in phosphorylation of p38 (p < 0.05, n = 
3, Fig. 5A, 5B and 5C). Phosphorylation of ERK1/2 was significantly increased in HK2 cells 
treated with both high albumin alone and in combination with high glucose (p < 0.05, n = 3, 
Fig. 5A and 5D). These data demonstrate that elevated albumin in the presence and absence 
of high glucose increases ERK1/2 phosphorylation.

Fig. 2. ‘Real time’ PCR analysis 
of proximal tubule expression of 
CB2 receptor in HK2 cells treated 
with high glucose (25 mM), high 
albumin (1 mg/ml) and a com-
bination of high glucose/ high 
albumin for 4, 6, 18 or 24 hours. 
GAPDH was used as housekeep-
ing gene. Data expressed as nor-
malized to control treatment (5 
mM glucose, no albumin), mean ± 
SEM. Significance is indicated by  
*p < 0.05 compared to control 
treatment. N = 9
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CB2 Receptor expression is not mediated by ERK1/2 
To determine whether CB2 receptor expression is mediated by increased ERK1/2 

phosphorylation, HK2 cells were treated for six hours with high glucose and high albumin 
media in the presence of ERK1/2 inhibitor U0126 (10 µM). Treatment with the inhibitor 
resulted in a significant reduction of CB2 receptor expression across all treatment groups 
compared to control (p < 0.05, n = 3, Fig. 6A). Thus, as inhibition of ERK1/2 does not rescue 
the reduction in CB2 protein in response to high albumin, this kinase does not regulate the 
expression of CB2 in response to albumin.

Regulation of albumin uptake in proximal tubule cells by CB2 and ERK1/2
We have showed that high albumin leads to increase phosphorylation of ERK1/2 (Fig. 

5D) and that endocytosis of albumin in proximal tubule cells is essential for regulating CB2 
receptor expression (Fig. 4). To determine whether these cellular alterations lead to changes 
in proximal tubular handling of albumin, OK cells were treated for 2 hours with TR-albumin 
in the presence of specific CB2 and ERK1/2 inhibitors. Here, we showed that inhibition of 
OK cells with CB2 specific antagonist AM630 (10 µM) led to a significant increase in albumin 
uptake of OK cells (n = 8, p < 0.05, Fig. 7A). Inhibition of ERK1/2 with antagonist U0126 (10 
µM) and MAPK inhibitor SB203580 (25 µM) had no significant effect on albumin uptake in 

Fig. 3. Representative Western blot and densitometric quantification of CB2 receptor expression in HK2 
cells treated with high glucose (HG; 25 mM), high albumin (HA; 1 mg/ml) and a combination of high glucose/ 
high albumin (HG/HA). Protein abundance (y axis) was normalized to control treatment (5 mM glucose, no 
albumin), data expressed as mean ± SEM. N = 3. Significance is indicated by * p < 0.05 compared to control 
treatment. A. Treatment for 4 hours B. Treatment for 6 hours. C. Treatment for 18 hours. D. Treatment for 
24 hours.
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Fig. 4. Representative Western blot and densitometric quantification of CB2 receptor expression in HK2 
cells treated with latrunculin A in conjunction with high albumin (HA; 1 mg/ml) and a combination of high 
glucose/ high albumin (HG; 25 mM/HA). Protein abundance (y axis) was normalized to control treatment 
(5 mM glucose, no albumin), data expressed as mean ± SEM. N = 3. No significant differences between 
treatment groups.

Fig. 5. AKT/MAPK profile in HK2 cells treated with high albumin (HA; 1 mg/ml) and a combination of high 
glucose/ high albumin (HG; 25 mM/HA). Protein abundance (y axis) was normalized to control treatment 
(5 mM glucose, no albumin), data expressed as mean ± SEM. N = 3. Significance is indicated by * p < 0.05 
compared to control treatment. A. Representative western blot of phosphor AKT, AKT, phosphor p38, p38, 
phosphor ERK1/2 and ERK1/2 B. Densitometric quantification of phosphor AKT/AKT normalized to control 
C. Densitometric quantification of phosphor p38/p38 normalized to control D. Densitometric quantification 
of phosphor ERK1/2/ ERK1/2 normalized to control. Data expressed as mean ± SEM. N = 3. Significance is 
indicated by * p < 0.05 compared to control treatment.

proximal tubular cells (Fig. 7B). This indicates blocking CB2 increases albumin endocytosis 
in proximal tubule cells independently of ERK1/2 signaling pathways.
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Discussion 

A reduced expression of CB2 in the diabetic kidney has been targeted in the 
development of therapeutics for diabetic nephropathy [2]. Down-regulation of CB2 protein 
in the glomerulus of animals and humans with diabetes may lead to albuminuria, with 
activation of this receptor reversing this phenotype [2]. Importantly, both glomerular and 
tubular dysfunction leads to defects in the albumin handling pathway in the kidney [24]. 
To add to our understanding of the role of CB2 in diabetic nephropathy, our study is the 
first to show that CB2 expression in proximal tubule cells in vitro can be modulated by high 
albumin (1 mg/ml) in the presence and absence of high glucose (25 mM). The reduction 
in CB2 levels was observed at both the mRNA and protein levels, at specific time points, 
suggesting sustained exposure to elevated albumin is required to first down regulate CB2 
mRNA levels, then consequently CB2 protein. Interestingly, high glucose alone did not 
significantly alter CB2 receptor mRNA or protein expression at any time point. Potentially, 
while transient fluctuations in glucose levels does not contribute to alterations in receptor 
expression at a cellular level in the kidney, it can alter cannabinoid signaling pathways which 

Fig. 6. HK2 cells treated with ERK1/2 
inhibitor U0126 in conjunction with 
high albumin (HA; 1 mg/ml) and a com-
bination of high glucose/ high albumin 
(HG; 25 mM/HA). Protein abundance (y 
axis) was normalized to control treat-
ment (5 mM glucose, no albumin), data 
expressed as mean ± SEM. N = 3. A. Rep-
resentative Western blot B. Densitomet-
ric quantification of CB2 receptor ex-
pression. Significant reductions in CB2 
expression was seen in all treatment 
groups compared to control.

Fig. 7. Albumin uptake in proximal tu-
bule OK cells. Albumin uptake (y axis) 
was adjusted for background and nor-
malized to control treatment (no inhibi-
tor), data expressed as mean ± SEM. N = 
8 . A. OK cells treated with CB2 inhibitor 
AM630 had significantly higher albu-
min uptake compared to control treat-
ment (p < 0.05) B. OK cells treated with 
ERK1/2 inhibitor U0126 or MAPK in-
hibitor SB203580 showed no significant 
difference in albumin uptake compared 
to control treatment.
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may contribute to the eventual decline in CB2 receptor expression. In vitro, hyperglycemic 
conditions sustained for 24 hours in pancreatic islet cells, led to changes to calcium signaling 
but the effect is not mediated by CB2, but by the cannabinoid receptor 1 (CB1) [25]. Further, 
it has been demonstrated that in early diabetic models of diabetic nephropathy in mice 
isolated glomeruli showed no significant differences in CB2 expression, while in humans 
patients with advance diabetic nephropathy have significantly reduced CB2 receptor 
expression in the renal cortex [2]. We have added to this knowledge, demonstrating that 
despite a reduction in CB2 expression in specific cells within kidney, in the whole kidney of 
STZ animals, expression of the CB2 receptor is the same as control animals. 

CB2 expression in podocytes [2] and tubular cells is reduced (data presented here). 
Why then in an in vivo setting, is the expression of CB2 protein in diabetic (STZ) rats 
unaltered? It is well established that the CB2 receptor is highly expressed in cells of the 
immune system and assume a diverse range of functions mediating immunological processes 
in health and disease states [13, 26, 27]. Specifically in diabetic nephropathy, advancement 
of the renal damage leads to an increase in infiltrating macrophages, T-lymphocytes and 
the subpopulation of regulatory T cells which leads to inflammation [28]. In diabetic STZ 
animals, hallmark indicators of renal damage are elevated such as TGF-β and fibronectin, 
in addition to the development of albuminuria [1]. Significantly, there is also an infiltration 
of macrophages, which abundantly express CB2 [29]. Thus, it is likely that the CB2 receptor 
expression in whole kidney samples is influenced by infiltrating macrophages offsetting the 
downregulation of CB2 in podocytes and proximal tubule cells. In support of this, in the 
glomeruli from STZ treated animals, there is an infiltration of CB2-expressing macrophages 
[2]. 

Our finding presented in this study, that blocking CB2 leads to an increase in albumin 
uptake, does not directly account for the albuminuria that is observed in animal and human 
models of diabetes [2]. One must consider that diabetic nephropathy is associated with 
tubular damage primarily due to the exposure to elevated levels of albumin and glucose [1]. 
Studies have shown that exposure to elevated albumin specifically, results in proximal tubular 
cells secreting cytokines such as transforming growth factor-β1 (TGF-β1), endothelin-1, 
monocyte chemoattractant protein-1 (MCP-1), regulated upon activation, normal T cell 
expressed and secreted (RANTES), interleukin-8, and fractalkine. These secreted cytokines 
recruit and stimulate interstitial macrophages, which are likely to transform interstitial cells 
into myofibroblasts, resulting in inflammation and fibrosis in vivo (for review see [14]). Our 
research demonstrates that in tubular cells, exposure to elevated albumin in the presence 
and absence of high glucose alters CB2 expression and blocking the CB2 receptor increases 
albumin uptake, which in vivo, would activate fibrotic damage. Interestingly, a role for 
TGF-β1 in the modulation of CB2 renal expression levels has been suggested by Barutta et 
al. [2]. Thus it appears that reduction in CB2 levels is an important component of the fibrotic 
cascade in response to elevated albumin.

The AKT/MAPK signaling cascade is known to mediate to some degree almost every 
structural change characteristic of diabetic nephropathy, including hypertrophy, cellular 
stress pathways and apoptosis [30]. Here we have demonstrated that changes in CB2 
receptor expression corresponds to changes in ERK1/2 profile, but not AKT or p38. While 
High albumin alone and in combination of high glucose significantly reduced CB2 levels in 
proximal tubule cells, treatment of HK2 cells with ERK1/2 antagonist does not affect CB2 
receptor expression, indicating that ERK1/2 does not mediate CB2 expression in proximal 
tubule cells. However, a link between the activity of the CB2 receptor and ERK1/2 has been 
established [18, 19]. In vitro CB2 activation results in reduced phosphorylated ERK1/2 
protein expression [19] and conversely, CB2 antagonists can lead to greater and sustained 
activation of MAPK proteins [18], indicating that the mechanism of the CB2 receptor in 
diabetic nephropathy may mediate changes via the ERK1/2 proteins, while the AKT/MAPK 
pathway does not directly mediate changes to CB2 receptor expression. 

Diabetic nephropathy is associated with glomerular and proximal tubule damage that 
leads to albuminuria [6]. A recent study demonstrated that activation of CB2 ameliorated 
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diabetes induced albuminuria in vivo [2]. In addition, others have shown that activation 
of CB2 attenuates renal apoptosis [8], hypertrophy [21] and inflammatory mediators 
[2, 8, 31]. Collectively, these data suggest that CB2 plays a protective role in renal cell 
physiology, presumably by abating cellular damage caused by inflammatory mediators [2, 
8]. Downregulation of CB2 in podocytes in the diabetic model has been described [2], but the 
specific mechanism for this has not been investigated. Upstream damage to the glomerulus 
results in proximal tubule cells being exposed to higher levels of albumin, but these cells 
are also responsible for endocytosis of albumin for its reabsorption. Diabetic nephropathy 
leads to increase workload of tubular reabsorption of albumin. We have showed that by 
blocking the CB2 receptor with antagonist AM630 leads to a significant increase in albumin 
uptake by proximal tubule cells, independent of ERK1/2 signaling. Inhibition of ERK1/2 
with antagonists showed no changes to albumin uptake under physiological conditions. 
Further, here we demonstrate that internalization of albumin by proximal tubule cells, and 
not increased exposure to albumin alone regulates CB2 levels in proximal tubule cells. This 
may indicate that a possible cross regulatory loop between albumin endocytosis and CB2 
receptor expression occurs in proximal tubule cells. Complex cross regulation pathways of 
CB2 have been identified in other cell types [18, 32]. 

In summary, our data demonstrated that CB2 receptor expression in proximal tubule 
cells is modulated by internalization of albumin. Activity of albumin uptake by proximal 
tubule cells may be mediated by CB2 independent of ERK1/2 signaling. Alterations in CB2 
expressions may lead to changes in ERK1/2 signaling, however this pathway does not 
mediate changes to albumin handling by tubular cells.  In addition to this, our study has 
demonstrated that CB2 protein expression is unaltered in the whole kidney from diabetic 
animals, suggesting that infiltration of inflammatory cells is influencing the whole renal 
expression levels of CB2. Future studies should characterize signaling targets that are altered 
in response to altered CB2 expression in diabetic models in vivo, to ensure that therapeutic 
modulation of CB2 is an effective therapy for diabetic nephropathy. 
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