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Background. Recent reports suggest a role for the endocannabinoid system in the pathology of nonalcoholic fatty liver disease
(NAFLD). The aim of this study was to investigate the relationship between liver expression of cannabinoid (CB) receptor subtypes,
CBl and CB2, in morbidly obese (MO) women with different histological stages of NAFLD. Methods. We analysed hepatic CB1 and
CB2 mRNA expression, and the expression of genes involved in lipid metabolism in 72 MO women, subclassified by liver histology
into MO with normal liver (NL, n = 16), simple steatosis (SS, n = 28), and nonalcoholic steatohepatitis (NASH, n = 28) by
enzyme-linked immunosorbent assay and RT-PCR. Results. We found that CB1 mRNA expression was significantly higher in NASH
compared with SS and correlated negatively with PPARa. Regarding CB2, CB2 mRNA expression correlated positively with ACCI,
PPARy, IL6, TNFq, resistin, and adiponectin. Conclusions. The increased expression of CB1 in NASH and the negative correlation
with PPAR« suggest a deleterious role of CB1 in NAFLD. Regarding CB2, its positive correlation with the anti-inflammatory
molecule adiponectin and, paradoxically, with inflammatory genes suggests that this receptor has a dual role. Taken together, our
results suggest that endocannabinoid receptors might be involved in the pathogenesis of NAFLD, a finding which justifies further

study.

1. Introduction

Obesity, as part of the metabolic syndrome, is one of the
major risk factors in the development of fatty liver [1, 2].
Nonalcoholic fatty liver disease (NAFLD) has become the
most common liver disorder in developed countries, affecting
over one-third of the population [3, 4]. NAFLD has fre-
quently been associated with obesity, type 2 diabetes mellitus,
hyperlipidemia, and insulin resistance [5]. The spectrum of
the disease ranges from simple steatosis to steatohepatitis,
a condition that associates steatosis, liver inflammation,
hepatocellular injury, and activation of fibrogenic pathways
with a 10-20% risk of developing cirrhosis within 10 to 20

years [6]. The transition from steatosis (SS) to nonalcoholic
steatohepatitis (NASH) is not completely understood and
appears multifactorial. Recent studies have revealed a role of
lipotoxic fatty acid metabolites originating from the adipose
tissue or from de novo lipogenesis in the development of
hepatocellular injury [7]. Increasing evidence suggests that
a fatty liver is more vulnerable to factors that lead to
inflammation and fibrosis [8, 9]. Different studies confirm
that de novo lipogenesis might be upregulated in NAFLD [10-
12]. Recent reports have shown that endogenous cannabi-
noids (EC) are related to fatty liver metabolism [13, 14]
although the molecular mechanism by which EC modulates
the metabolism within hepatocytes is still not clear.



EC are lipid mediators that produce similar effects to
those of marijuana by acting on membrane-bound receptors
and regulating appetite behaviour [15]. Cannabinoid recep-
tors are mainly localized in the brain, but are also present in
small amounts in liver and other peripheral tissue (CB1) and
in immune and haematopoietic cells (CB2) [16, 17]. EC may
also regulate peripheral energy metabolism, as demonstrated
by their CBl-mediated effect on lipoprotein lipase activity
in adipocytes [18] and their ability to stimulate lipogenesis
in hepatocytes [13, 14]. In agreement with that data, other
studies have shown that CBI receptor antagonists represent
an important therapeutic target, owing to beneficial effects on
lipid metabolism and in light of its antifibrogenic properties.
Unfortunately, the brain-penetrant CBI antagonist rimona-
bant was withdrawn because of an alarming adverse effect
on mood. However, the efficacy of peripherally-restricted
CB1 antagonists with limited brain penetration has now been
validated in preclinical models of NAFLD [19].

Taken together, these findings indicate that CB1 receptors
mediate metabolic steatogenesis in the liver by central and
peripheral effects. Regarding CB2, results of recent studies
have suggested that this receptor could be a promising anti-
inflammatory and antifibrogenic target [19, 20], although
clinical development of its agonists is still awaited.

In order to investigate the associations of CBl and CB2
with NAFLD we aimed to (1) find out the gene expression
profiles of CB1 and CB2 in liver of morbidly obese women
with or without NAFLD, (2) assess the relationship between
its gene expressions and the presence of hepatic fat and
inflammation, and (3) study the relationship between liver
CBl and CB2 mRNA expression and liver mRNA expression
of key genes involved in lipid metabolism: genes involved in
de novo synthesis of fatty acids (ChREBP, SREBPIc, LxRe,
FxR, ACCI, and FAS), fatty acid oxidation (PPAR«), uptake
and transport (PPARy, CD36, and FABP4), and inflamma-
tory related genes (PPARS, IL6, TNFw, and CRP).

2. Patients and Methods

2.1. Subjects. The institutional review board approved the
study. All participants gave written informed consent for
participation in medical research. This study included 72
morbidly obese (MO) women (body mass index, BMI >
40Kg/ m?) of Western European descent.

We analysed 72 liver samples from MO women. Liver
biopsies were obtained during planned bariatric surgery. All
biopsies were carried out under clinical indications.

NAFLD was diagnosed by the following criteria: (1) liver
pathology, (2) an intake of less than 10 gr of ethanol/day, and
(3) appropriate exclusion of other liver diseases. Liver samples
were scored by two experienced hepatopathologists using the
methods described before [21, 22].

According to their liver pathology, patients were sub-
classified into the following groups: (1) MO with normal
liver (NL) histology (n = 16), (2) MO with simple steatosis
(SS) (micro/macrovesicular steatosis without inflammation
or fibrosis, n = 28), and (3) MO with nonalcoholic steato-
hepatitis (NASH) (Brunt grade 1-3, n = 28).
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Subjects” weight was stable, with no fluctuation greater
than 2% of body weight for at least 3 months prior to surgery.
The exclusion criteria were (1) concurrent use of medication
known to produce hepatic steatosis, (2) patients using antidi-
abetics or lipid-lowering medications, including PPAR« or
-y agonists, (3) diabetic women that were receiving insulin
or on medication likely to influence endogenous insulin
levels, (4) menopausal and postmenopausal women and
subjects receiving contraceptive treatment, and (5) patients
who had an acute illness, current evidence of acute or chronic
inflammatory or infectious diseases, or end-stage malignant
diseases.

2.2. Anthropometrical and Biochemical Analysis. A complete
anthropometrical examination and a biochemical analysis
were carried out on each patient. Height and weight were
measured with the patient standing in light clothes and
shoeless. BMI was calculated as body weight divided by
height squared (kg/m?). Laboratory studies included glucose,
insulin, glycated haemoglobin, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol,
triglycerides, and transaminases, all of which were analysed
using a conventional automated analyser. Insulin resistance
(IR) was estimated using homeostasis model assessment of
IR (HOMAZ2-IR) [23]. Serum levels of adiponectin (Linco
Research, Inc., St. Charles, USA), resistin (Biovendor, Mod-
rice, Czech Republic), interleukin 6 (IL6) (Quantikine, R&D
Systems, Minneapolis, USA), tumour necrosis factor receptor
2 (TNFRII) (AssayPro, St. Charles, USA), and C-reactive
protein (CRP) (Dade Behring, Marburg, Germany) were
measured in duplicate using ELISA, following the manufac-
turer’s instructions.

2.3. RNA Isolation and Real Time PCR. Liver samples were
conserved in RNAlater (Sigma, Barcelona, Spain) for 24 hours
at 4°C and then stored at —80°C. Total RNA from liver tissue
was isolated using the RNeasy mini kit (Qiagen, Barcelona,
Spain), according to the manufacturers’ protocols. RNA was
digested with DNase I (RNase-Free DNase set; Qiagen). First-
strand ¢cDNA was synthesized using an equal amount of
total RNA with High Capacity RNA-to-cDNA Kit (Applied
Biosystems, Madrid, Spain). The Real-time quantitative PCR
was carried out in a final volume of 20 L, which contained
10 ng of reverse-transcribed cDNA, 10 uL of 2X TaqgMan Fast
Universal PCR Master Mix (Applied Biosystems), and 1uL
TagMan Assay predesigned by Applied Biosystems for the
detection of CB1, CB2, ChREBP, SREBPIc, FxR, LxRa, ACCl,
FAS, PPAR«a, PPARy, CD36, FABP4, PPARS, IL6, TNFa,
CRP, adiponectin, and resistin gene and for GAPDH, which
was used as the housekeeping gene. The mRNA expression for
each gene and sample was calculated using the reccommended
2744 method. All reactions were carried out in duplicate in
96-well plates using the 7900HT Fast Real-Time PCR systems
(Applied Biosystems).

2.4. Statistical Analysis. All the values reported are expressed
as mean + SD (standard deviation) and were analysed
using SPSS/PC+ for windows statistical package (version
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20.0; SPSS, Chicago, IL). Differences between groups were
calculated using the Students t-test or one-way ANOVA
analysis. The strength of association between variables was
calculated using Pearson’s method for parametric variables
and Spearman’s p-correlation test for nonparametric con-
trasts. A multiple linear regression analysis was carried out.
The predictors for stepwise linear regression analysis were
based on correlation analysis and selected from the variables
known to be associated with the dependent variable. P values
<0.05 were considered to be statistically significant.

3. Results

3.1. Baseline Characteristics and General Laboratory Data of
the Subjects in the Study. Morbidly obese women were class-
ified according to the presence of NAFLD (Table1). Age,
anthropometrical measurements, glucose, HbAlc, insulin,
HDL and LDL-Cholesterol, and triglycerides were not sig-
nificantly different among morbidly obese women in the NL,
SS, or NASH groups. However, our results indicated that AST
and ALT activity were higher in both the SS and the NASH
groups than in obese women with normal liver histology
(SS: AST P = 0.05, ALT P < 0.001; NASH: AST P =
0.042, ALT P < 0.001). ALP activity was higher in the NASH
group than in NL (P = 0.032). Moreover, the levels of
adipocytokines determined were not significantly different
between the morbidly obese with NL, SS, or NASH (Table 1).

3.2. Evaluation of CBI and CB2 mRNA Expression in Liver.
We analysed hepatic CB1 and CB2 mRNA expression in the
MO cohort in relation to the presence of NAFLD. When
we subclassified that cohort into NL, SS, and NASH, we
observed that CB1 mRNA expression was significantly higher
in NASH compared with SS (SS: 0.09 + 0.07; NASH: 0.14 +
0.03; P < 0.010) (Figure 1(a)). However, CB2 gene expression
was similar among the three groups (Figure 1(b)).

Additionally, we studied the relationship between the
grade of steatohepatitis and CB1 and CB2 gene expression.
When we subclassified the MO cohort into those with NASH
Brunt 1 and with NASH Brunt 2/3, we found that both CB1
and CB2 mRNA expression were similar in both groups (data
not shown).

3.3. Correlations between the Gene Expression of CBI and
CB2 and Genes Related to Fatty Acid Synthesis (ChREBP,
SREBPIc, LxRe, FxR, ACCI, and FAS), Fatty Acid Oxidation
(PPAR«), Uptake and Transport (PPARy, CD36, and FABP4),
Inflammation (PPARS, IL6, TNF«, and CRP), and Adipokines
(Adiponectin and Resistin) in Liver from MO Cohort. We
found a negative correlation between CB1 and PPAR« gene
expression. We also found that CB2 mRNA expression cor-
related positively with ACCl and PPARy mRNA expression
(Table 2).

Regarding inflammation and adipokines, we did not find
any correlation between CBI gene expression and inflamma-
tory genes expression, nor with adipokines expression. How-

ever, we found positive correlations between CB2 and IL6,
TNFa, resistin, and adiponectin geneexpression (Table 2).

In addition, we performed a stepwise multiple linear
regression analysis, which included age, BMI, triglycerides,
PPARw, and the presence of NASH as independent variables,
and CB1 expression as a dependent variable. The results
indicated that NASH and PPAR« (inverse) were the only
variables associated with CBI expression (R* = 0.255, P =
0.002; R* = 0.129, P = 0.014, resp.).

4. Discussion

The present study demonstrates that in morbidly obese
women with NAFLD, liver CBI gene expression is signifi-
cantly higher at the histological stage of NASH compared
to SS. This finding might agree with experimental studies
in obese rats, which showed that rimonabant, a selective
CBI receptor antagonist used as an adjunctive treatment of
obesity, reduces liver inflammation [24, 25]. The underlying
mechanism has not yet been delineated but in hepatocytes
CBLI receptors might contribute to the acute phase response
via activation of ChREBP, a liver-specific transcription factor
that upregulates acute phase response genes [26]. In our
case, we were not able to demonstrate a positive relationship
between CB1 and ChREBP mRNA expression, nor with
mRNA expression of inflammatory genes.

Studies in cultured hepatocytes and in animal models
have observed steatogenic properties of CB1 as a result of
hepatic lipogenesis activation, reduction of fatty acid oxida-
tion, and decreased release of TG-rich VLDL, combined to
CBl-dependent release of free fatty acids from the adipose
tissue [24, 25, 27]. Our cohort did not demonstrate any
relationship between the hepatic CBI gene expression and
simple steatosis. However, we did find a negative correlation
between CBl and PPAR« gene expression. PPAR« plays a
pivotal role in fatty acid (FA) catabolism by upregulating the
expression of numerous genes involved in mitochondrial FA
oxidation, peroxisomal FA oxidation, and other aspects of FA
metabolism [28]. Furthermore, PPAR« is related to adipoR2.
Activation of adipoR2 can increase PPAR« levels and activate
PPAR« pathways, leading to increased fatty acid oxidation
and a reduction in oxidative stress [29, 30]. Recently in
experimental studies the adipoR agonist (AdipoRon) bound
to both adipoR1 and AdipoR2 in vitro. AdipoRon showed
very similar effects to adiponectin in muscle and liver, such as
an activation of AMK and PPAR« pathways, and ameliorated
IR and glucose intolerance in mice fed a high-fat diet, which
was completely obliterated in adipoR1 and AdipoR2 double-
knockout mice [31]. In conclusion, the higher expression
of CBI in NASH and the negative correlation with PPAR«
suggest a deleterious role of CBI in NAFLD.

Regarding hepatic CB2 expression, we did not find any
differences between MO with NL, SS or NASH. It is important
to note that the role of CB2 in liver diseases is controversial.
Some authors have reported that CB2 receptors display
protective properties during liver injury. These effects largely
depend on anti-inflammatory and antifibrogenic signals
generated by CB2-expressing hepatic immune cells and/or



4 BioMed Research International

TaBLE 1: Characteristics of study cohort classified according to the liver pathology.

Morbidly Obese (n = 72)

NL (1 = 16) SS (n = 28) NASH (1 = 28)
Mean + SD Mean + SD Mean + SD

Age (years) 44.0+3.2 474 +15 459 +1.4
Weight (kg) 121.0 + 121 121.8 £16.3 123.8 + 14.3
WC (cm) 1295+ 6.4 132.1+£10.7 1351+ 9.9
BMI (kg/m?) 48.6+ 2.6 481+ 78 475+ 5.4
Glucose (mg/dL) 101.8 +18.9 125.4 + 38.2 119.0 £ 30.0
Insulin (mUI/L) 11.4 + 3.1 212 +11.5 231281
HbAlc (%) 43+03 59+17 58+17
HOMAZ2-IR 1L.5+£0.5 29+14 3.0+£34
HDL-C (mg/dL) 43.6 £76 39.3+£95 41.5+9.0
LDL-C (mg/dL) 102.0 + 31.7 104.7 £ 24.6 102.5 £+ 32.6
Triglycerides (mg/dL) 144.4 £ 51.9 178.4 + 68.5 183.1+ 86.6
AST (U/L) 25.8+8.5 43.7 +34.4" 44.9 +29.3"
ALT (U/L) 25.4+10.5 45.6 + 31.6" 46.3 +28.3"
GGT (U/L) 183 +13.8 30.6 +22.2 36.1+ 317
ALP (U/L) 58.2+12.6 66.3 £16.0 719 +15.2"
Adipocytokine levels

Adiponectin (ug/mL) 10.1£2.0 6.8+35 6.7+24

IL6 (pg/mL) 21+0.6 29+25 33+2.0

Resistin (ng/mL) 51+21 4.6+2.0 45+16

TNEFRII (ng/mL) 42+14 55+25 56+17

CRP (mg/dL) 1.0+0.8 09+0.7 11+0.7

NL: morbidly obese subjects with normal liver; SS: morbidly obese subjects with simple steatosis; NASH: morbidly obese subjects with steatohepatitis; ALT:
alanine aminotransferase; ALP: alkaline phosphatase; AST: aspartate aminotransferase; BMI: body mass index; CRP: C-reactive protein; GGT: gamma-
glutamyltransferase; HbAlc: glycosylated haemoglobin; HDL-C: high density lipoprotein; HOMA2-IR: homeostatic model assessment 2-insulin resistance;
IL6: interleukin 6; LDL-C: low density lipoprotein; TNFRII: tumour necrosis factor receptor II; WC: waist circumference. “indicates significant differences
respect NL group (P < 0.05).
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FIGURE 1: Liver CB1 and CB2 mRNA expression in morbidly obese women classified according to the liver pathology. NL: with normal liver
histology; SS: simple steatosis; NASH: nonalcoholic steatohepatitis. Results are shown as mean + SD. P < 0.05 is considered statistically
significant.
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TABLE 2: Correlations between the expression of CBI and CB2 and genes related to fatty acid synthesis, to fatty acid oxidation, uptake and
transport, inflammation, and adipokines in liver from morbidly obese women.

CB1 CB2
r P value r P value

De novo synthesis of Fatty acids

ChREBP 0.185 0.198 0.072 0.603

SREBPIc 0.074 0.590 0.031 0.816

LxRx 0.052 0.709 0.126 0.346

FxR 0.079 0.571 0.095 0.482

ACCl1 0.207 0.126 0.257 0.047

FAS 0.164 0.232 0.182 0.167
Fatty acid oxidation

PPAR« -0.354 0.037 0.155 0.347
Fatty acid uptake and transport

PPARy 0.161 0.240 0.600 <0.001

CD36 —-0.028 0.846 0.157 0.257

FABP4 0.105 0.460 0.040 0.776
Inflammation

IL6 0.116 0.431 0.288 0.040

TNF« -0.018 0.902 0.293 0.033

CRP -0.210 0.140 —-0.002 0.988

PPARS -0.077 0.576 0.126 0.342
Adipokines

Adiponectin 0.031 0.846 0.625 <0.001

Resistin —-0.058 0.701 0.506 <0.001

P < 0.05 are considered statistically significant.

hepatic myofibroblasts, with paracrine impact on hepatocy-
tes, which do not express CB2 [19, 32]. The endogenous or
exogenous activation of CB2 receptors has been described as
a protective pathway in several models of acute liver injury
in which CB2 receptors undergo early induction in nonpar-
enchymal cells [16, 20, 33, 34].

We found that CB2 liver expression correlated positively
with hepatic ACCI gene expression, a gene related to fatty
acid synthesis. In fatty acid synthesis process, ACC1 converts
acetyl-CoA, an essential substrate of fatty acids, to malonyl-
CoA. Fatty acids as well as acyl-CoA and acetyl-CoA have
been identified as potential causes of lipotoxicity [35]. Fur-
thermore, we found that CB2 liver expression correlated
positively with PPARy gene expression. In NAFLD, PPARy is
upregulated in liver tissue and liver-specific PPARy knockout
mice are protected from diet-induced steatosis [36, 37].
However, these isolated correlations do not clarify the role of
CB2 in lipogenic and uptake and transport pathways.

Other studies provide additional evidence that supports
the potential involvement of CB2 receptors in inflammatory
liver diseases [38]. However, in our study, we found a
positive correlation between liver CB2 and adiponectin gene
expression, which is a molecule with an anti-inflammatory
role. Taken together, all of this suggests that CB2 seems to be
a molecule with a dual action.

Our cohort of morbidly obese women has made it pos-
sible to establish clear relationships between NASH and CB1
liver expression without the interference of such confounding

factors as gender or age. However, the results of our study
cannot be extrapolated to other obesity groups, to men, or
to normal-weight subjects.

The main results of our study demonstrate that liver CB1
mRNA expression is induced in nonalcoholic steatohepatitis
and correlates negatively with hepatic PPAR«x expression,
which suggests a deleterious role of CB1 in NAFLD. Further-
more, liver CB2 mRNA expression is related to the expression
of key genes involved in hepatic lipid metabolism. With
regard to inflammation, CB2 seems to act as a dual molecule
because it correlates positively with the anti-inflammatory
molecule adiponectin and, paradoxically, also with inflam-
matory genes. Our results suggest that endocannabinoid
receptors might be involved in the physiopathological pro-
cesses of NAFLD and justify the need for further study.
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ACCL:  Acetyl-coenzyme A carboxylase 1
ALT: Alanine aminotransaminase
AST: Aspartate aminotransaminase
ALP: Alkaline phosphatase

BMI: Body mass index

CBI: Cannabinoid receptor 1

CB2: Cannabinoid receptor 2

CD36:  Fatty acid translocase

ChREBP: Carbohydrate response element binding
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FAS: Fatty acid synthase
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LDL-C: Low-density lipoprotein
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VLDL: Very low-density lipoprotein

WC: Waist circumference.

Conflict of Interests

The authors declare that they have no conflict of interests to

disclose.

Authors’ Contribution

Teresa Auguet and Alba Berlanga contributed equally to this

work.

Acknowledgments

This study was supported by the Ministerio de Ciencia e
Innovacion of the government of Spain (Grant no. SAF 2008-
02278, to Cristébal Richart), the Fondo de Investigacion
Sanitaria (Grant no. PS09/01778, to Teresa Auguet), funds
from Agencia de Gestié d’Ajuts Universitaris i de Recerca
(AGAUR 2009 SGR 959 to Cristdbal Richart), Grup de
Recerca en Medicina Aplicada URV (2010PFR-URV-B2-14 to

Cristobal Richart), and the Fundacién Biociencia.

References

[1] S. A.Harrison and A. M. Diehl, “Fat and the liver—a molecular
overview, Seminars in Gastrointestinal Disease, vol. 13, no. 1, pp-

3-16, 2002.

[2] J. M. Clark, E L. Brancati, and A. M. Diehl, “Nonalcoholic fatty
liver disease,” Gastroenterology, vol. 122, no. 6, pp. 1649-1657,

2002.

[3] P. Angulo, “Medical progress: nonalcoholic fatty liver disease,”
The New England Journal of Medicine, vol. 346, no. 16, pp. 1221~

1231, 2002.

(4]

(10]

(12]

(16]

(17]

(18]

[19

[20]

BioMed Research International

G. Vernon, A. Baranova, and Z. M. Younossi, “Systematic rev-
iew: the epidemiology and natural history of non-alcoholic
fatty liver disease and non-alcoholic steatohepatitis in adults,”
Alimentary Pharmacology and Therapeutics, vol. 34, no. 3, pp.
274-285, 2011.

G. Marchesini, E. Bugianesi, G. Forlani et al., “Nonalcoholic
fatty liver, steatohepatitis, and the metabolic syndrome,” Hep-
atology, vol. 37, no. 4, pp. 917-923, 2003.

J. P.Ong and Z. M. Younossi, “Epidemiology and natural history
of NAFLD and NASH” Clinics in Liver Disease, vol. 11, no. 1, pp.
1-16, 2007.

H. Tilg and A. R. Moschen, “Evolution of inflammation in non-
alcoholic fatty liver disease: the multiple parallel hits hypothe-
sis,” Hepatology, vol. 52, no. 5, pp. 1836-1846, 2010.

C. P. Day, “Clinical spectrum and therapy of non-alcoholic
steatohepatitis,” Digestive Disease, vol. 30, supplement 1, pp. 69—
73, 2012.

C. Postic and J. Girard, “Contribution of de novo fatty acid syn-
thesis to hepatic steatosis and insulin resistance: lessons from
genetically engineered mice,” Journal of Clinical Investigation,
vol. 118, no. 3, pp. 829-838, 2008.

E. Lima-Cabello, M. V. Garcia-Mediavilla, M. E. Miquilena-
Colina et al., “Enhanced expression of pro-inflammatory medi-
ators and liver X-receptor-regulated lipogenic genes in non-
alcoholic fatty liver disease and hepatitis C,” Clinical Science, vol.
120, no. 6, pp. 239-250, 2011.

M. Nakamuta, T. Fujino, R. Yada et al., “Impact of cholesterol
metabolism and the LXR«x-SREBP-1c pathway on nonalcoholic
fatty liver disease,” International Journal of Molecular Medicine,
vol. 23, no. 5, pp. 603-608, 2009.

M. Kohjima, M. Enjoji, N. Higuchi et al., “Re-evaluation of fatty
acid metabolism-related gene expression in nonalcoholic fatty
liver disease,” International Journal of Molecular Medicine, vol.
20, no. 3, pp. 351-358, 2007.

D. Osei-Hyiaman, M. DePetrillo, P. Pacher et al., “Endocannabi-
noid activation at hepatic CB1 receptors stimulates fatty acid
synthesis and contributes to diet-induced obesity,” Journal of
Clinical Investigation, vol. 115, no. 5, pp. 1298-1305, 2005.

W.-I. Jeong, D. Osei-Hyiaman, O. Park et al., “Paracrine acti-
vation of hepatic CBI receptors by stellate cell-derived endo-
cannabinoids mediates alcoholic fatty liver;” Cell Metabolism,
vol. 7, no. 3, pp. 227-235, 2008.

V. di Marzo, F. Piscitelli, and R. Mechoulam, “Cannabinoids
and endocannabinoids in metabolic disorders with focus on
diabetes,” Handbook of Experimental Pharmacology, vol. 2011,
pp. 75-104, 2011.

P. Pacher and R. Mechoulam, “Is lipid signaling through canna-
binoid 2 receptors part of a protective system?” Progress in Lipid
Research, vol. 50, no. 2, pp. 193-211, 2011.

P. Pacher, S. Batkai, and G. Kunos, “The endocannabinoid sys-
tem as an emerging target of pharmacotherapy,” Pharmacologi-
cal Reviews, vol. 58, no. 3, pp- 389-462, 2006.

D. Cota, G. Marsicano, M. Tschop et al., “The endogenous cen-
nabinoid system affects energy balance via central orexigenic
drive and peripheral lipogenesis,” Journal of Clinical Investiga-
tion, vol. 112, no. 3, pp. 423-431, 2003.

A. Mallat, F. Teixeira-Clerc, and S. Lotersztajn, “Cannabinoid
signaling and liver therapeutics,” Journal of Hepatology, vol. 59,
no. 4, pp. 891-896, 2013.

N. Mendez-Sanchez, D. Zamora-Valdes, R. Pichardo-Bahena et
al., “Endocannabinoid receptor CB2 in nonalcoholic fatty liver
disease,” Liver International, vol. 27, no. 2, pp. 215-219, 2007.



BioMed Research International

[21] D.E.Kleiner, E. M. Brunt, M. van Natta et al., “Design and vali-
dation of a histological scoring system for nonalcoholic fatty
liver disease,” Hepatology, vol. 41, no. 6, pp. 13131321, 2005.

[22] E. M. Brunt, C. G. Janney, A. M. di Bisceglie, B. A.

Neuschwander-Tetri, and B. R. Bacon, “Nonalcoholic steato-

hepatitis: a proposal for grading and staging the histological

lesions,” American Journal of Gastroenterology, vol. 94, no. 9, pp.

2467-2474,1999.

X. Terra, T. Auguet, M. Broch et al., “Retinol binding protein-4

circulating levels were higher in nonalcoholic fatty liver disease

vs. histologically normal liver from morbidly obese women,”

Obesity, vol. 21, no. 1, pp. 170-177, 2013.

[24] J. Tam, V. K. Vemuri, J. Liu et al., “Peripheral CB1 cannabinoid
receptor blockade improves cardiometabolic risk in mouse
models of obesity;” Journal of Clinical Investigation, vol. 120, no.
10, pp. 2953-2966, 2010.

[25] M. Gary-Bobo, G. Elachouri, J. E. Gallas et al.,, “Rimonabant
reduces obesity-associated hepatic steatosis and features of
metabolic syndrome in obese zucker fa/fa rats,” Hepatology, vol.
46, n0. 1, pp. 122-129, 2007.

[26] T.Jourdan, L. Djaouti, L. Demizieux, J. Gresti, B. Verges, and P.
Degrace, “CBI antagonism exerts specific molecular effects on
visceral and subcutaneous fat and reverses liver steatosis in diet-
induced obese mice,” Diabetes, vol. 59, no. 4, pp. 926-934, 2010.

[27] D. Osei-Hyiaman, J. Liu, L. Zhou et al., “Hepatic CBI receptor
is required for development of diet-induced steatosis, dyslipi-
demia, and insulin and leptin resistance in mice,” Journal of
Clinical Investigation, vol. 118, no. 9, pp. 3160-3169, 2008.

[28] S. Mandard, M. Miiller, and S. Kersten, “Peroxisome prolifer-
ator-activated receptor « target genes,” Cellular and Molecular
Life Sciences, vol. 61, no. 4, pp. 393-416, 2004.

[29] M. Iwabu, T. Yamauchi, M. Okada-Iwabu et al., “Adiponectin
and AdipoR1 regulate PGC-la and mitochondria by Ca*" and
AMPK/SIRTI1,” Nature, vol. 464, no. 7293, pp. 1313-1319, 2010.

[30] S. Kersten, B. Desvergne, and W. Wahli, “Roles of PPARS in
health and disease,” Nature, vol. 405, no. 6785, pp. 421-424,
2000.

[31] M. Okada-Iwabu, T. Yamauchi, M. Iwabu et al., “A small-mole-
cule AdipoR agonist for type 2 diabetes and short life in obesity;’
Nature, vol. 503, pp. 493-499, 2013.

[32] A.Louvet, E Teixeira-Clerc, M.-N. Chobert et al., “Cannabinoid
CB2 receptors protect against alcoholic liver disease by regulat-
ing Kupfer cell polarization in mice,” Hepatology, vol. 54, no. 4,
pp. 1217-1226, 2011.

[33] S. Lotersztajn, E Teixeira-Clerc, B. Julien et al., “CB2 receptors
as new therapeutic targets for liver diseases,” British Journal of
Pharmacology, vol. 153, no. 2, pp. 286-289, 2008.

[34] J. Agudo, M. Martin, C. Roca et al., “Deficiency of CB2 can-
nabinoid receptor in mice improves insulin sensitivity but
increases food intake and obesity with age,” Diabetologia, vol.
53, no. 12, pp. 2629-2640, 2010.

[35] S. H. Myoung, Y. P. Sun, K. Shinzawa et al., “Lysophosphatidyl-
choline as a death effector in the lipoapoptosis of hepatocytes,”
Journal of Lipid Research, vol. 49, no. 1, pp. 84-97, 2008.

[36] H.-Y. Jiang, S. A. Wek, B. C. McGrath et al., “Phosphorylation
of the a subunit of eukaryotic initiation factor 2 is required
for activation of NF-xB in response to diverse cellular stresses,”
Molecular and Cellular Biology, vol. 23, no. 16, pp. 5651-5663,
2003.

[37] J. Seo, E. S. Fortuno III, M. S. Jae et al., “Atf4 regulates obesity,
glucose homeostasis, and energy expenditure,” Diabetes, vol. 58,
no. 11, pp. 2565-2573, 2009.

[23

[38] V. Deveaux, T. Cadoudal, Y. Ichigotani et al., “Cannabinoid CB2
receptor potentiates obesity-associated inflammation, insulin
resistance and hepatic steatosis,” PLoS ONE, vol. 4, no. 6, Article
1D e5844, 2009.



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



