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Abstract
Nephroblastoma overexpressed protein, also called NOV/CCN3, is an adipokine which is present in various tissues and recently
linked to obesity. The objective of the study was to determine the effect of resveratrol and pterostilbene on NOV/CCN3 in
adipose tissue from rats fed an obesogenic diet. Thirty-six male Wistar rats were split into four groups (n = 9): fed a standard diet
(CC), high-fat high-sucrose (HFS) diet supplemented with resveratrol (RSV; 30 mg/kg/day) or with pterostilbene (PT; 30 mg/kg/
day), or without phenolic supplementation (HFS). Rats were sacrificed after 6 weeks of treatment, and adipose tissue (white and
brown) from different anatomical locations were dissected. Then, Nov/ccn3 gene and protein expression and the adipogenic
genes,Ucp-1 and Pgc-1a, expressions were studied. Increased weight of white adipose tissues was found in rats fed the HFS diet.
Whereas resveratrol-treated rats showed reduced internal and total adipose tissue weights, pterostilbene-treated rats showed
reduced subcutaneous, internal and total adipose depots. Nov/ccn3 gene expression decreased in epididymal and interscapular
brown depot in rats fed HFS diet when compared with the control group. Regarding the phenolic compounds, resveratrol
prompted a Nov/ccn3 gene expression increase in epididymal fat tissue, whereas pterostilbene reduced its protein expression
compared with the obese group. However, these phenolic compounds did not affect NOV/CCN3 expression in brown depot.
NOV/CCN3 seems to be involved in weight changes in epididymal adipose tissue under obesogenic feeding, but not in
subcutaneous, acting as a protective mechanism counteracting the fattening effect of the diet. To our knowledge, this is the first
study analyzing whether NOV/CCN3 is involved in the anti-obesity effect of resveratrol and pterostilbene. Our results suggest
that this is not the case.

Keywords NOV/CCN3 . Resveratrol . Pterostilbene . Phenolic compounds . Adipose tissue . Obesity

Introduction

Obesity, defined as an excess of fat accumulation in white
adipose tissue, induces changes in the adipose tissue microen-
vironment, by increasing adipocyte number (hyperplasia) and/
or size (hypertrophy), which compromises the activity of this
tissue. Moreover, epidemiological studies have demonstrated
the association between obesity and a chronic low-grade in-
flammation state [27], which is linked to changes in the pro-
duction of cytokines by adipose tissue. Indeed, adipose tissue
is an important endocrine organ, which releases adipokines, a
kind of cytokines, which act as modulators of metabolic pro-
cesses. The amounts of adipokines secreted by adipose tissue
are depot-specific [19]. Regarding the role of adipokines in
obesity, these proteins regulate mainly appetite and energy
expenditure, and secondarily, they affect insulin sensitivity,
oxidative capacity, and lipid uptake. In recent years, the most
newly discovered adipokines are apelin, fibroblast growth
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factor-21, neuroregulin-4, omentin, vaspin, cardiotrophin-1,
TWEAK, and NOV/CCN3 [8, 9].

NOV/CCN3 (nephroblastoma overexpressed) protein is a
member of an incipient family of six regulatory proteins
(CCN1–6). They show a multimodular structure with a N-
terminal secretory signal peptide followed by four conserved
domains sharing identity with insulin-like growth factor bind-
ing pro te ins ( IGFBPs) , Von Wi l lebrand fac to r,
thrombospondin, and a cystein knot domain [12]. The Nov
gen was originally described as a target for myeloblastosis-
associated virus in avian nephroblastomas, which represent a
unique model of Wilm’s tumor [23]. Nowadays, it is well
known that this protein is detected in various human tissues
and organs, such as adipose tissue, adrenal cortex, kidney,
muscle, and central nervous system, as well as in macro-
phages, cerebrospinal fluid, and plasma [20, 24, 26]. This
family of proteins plays important roles regulating cell adhe-
sion, mitogenesis, inflammation, migration, cell survival, dif-
ferentiation, angiogenesis, tumorigenesis, or fibrosis [11, 14].

Interestingly, Pakradouni et al. showed the association
between NOV/CCN3 and obesity, reporting a relationship
between plasma NOV/CCN3 concentration and BMI or
fat mass [20]. Moreover, they found a positive correlation
between NOV/CCN3 protein and C-reactive protein
(CRP), which suggests that this adipokine is linked to
obesity-related inflammation. On the contrary, Lin et al.
suggested that NOV/CCN3 could have an anti -
inflammatory effect, because its overexpression inhibited
the cytokine-mediated induction of vascular adhesion
molecule-1 (VCAM-1) in endothelial cells and reduced
the monocyte adhesion [15]. Moreover, there are evi-
dences suggesting the role of NOV/CCN3 on glycemic
control [22]. Regarding adipogenesis, it is also notewor-
thy that, when in 3T3-L1 pre-adipocytes NOV/CCN3 ex-
pression was suppressed by NOV/CCN3 siRNA, the ex-
pression of adipogenic genes was increased [17].

Nowadays, there is an increasing interest in using phenolic
compounds, as potential active molecules, for the prevention
and treatment of obesity. Resveratrol, a polyphenol included
in the group of stilbenes, and its derivative pterostilbene that is
metabolized in a lesser extent, have emerged as useful com-
pounds for decreasing body fat accumulation in adipose tissue
of rodents [10, 25]. However, as far as we know, only a study
has reported that NOV/CCN3 is upregulated in response to a
high-fat high-sucrose (HFS) diet, and this effect is reverted by
resveratrol supplementation. These results have been found in
vascular smooth muscle of non-human primates [18].
However, there are not available data regarding the influence
of both phenolic compounds on NOV/CCN3 adipokine pro-
duction in white adipose tissue. In this scenario, we were
interested in the study of the effect of resveratrol and its
methoxy derivative, pterostilbene, on changes induced by a
high-fat high-sucrose diet in NOV/CCN3 expression in

epididymal and subcutaneous white adipose tissues and
brown adipose tissue from rats fed an obesogenic diet.

Materials and methods

Animal, diets, and experimental design

The experiment was conducted with 36 6-week-old male
Wistar rats with an initial body weight of 180 ± 2 g purchased
from Harlan Ibérica (Barcelona, Spain) and performed in ac-
cordance with the University of the Basque Country’s Guide
for the Care and Use of Laboratory Animals (Reference pro-
tocol approval CUEID CEBA/30/2010). The rats were indi-
vidually housed in polycarbonate cages (Tecniplast Gazzada,
Buguggiate, Italy) and placed in an air-conditioned room (22
± 2 °C) with a 12-h light–dark cycle (lights off at 9:00 a.m.).
After a 6-day adaptation period, rats were randomly divided
into four experimental groups of nine animals each. One
group (control group; CC) was fed a commercial standard diet
(TD.06416), which provided 3.7 kcal/g and 10% of calories as
fat. The other three groups, high-fat high-sucrose group
(HFS), resveratrol-treated group (RSV), and pterostilbene-
treated group (PT), were fed a commercial high-fat high-su-
crose diet (obesogenic diet; TD.06415), which provided
4.6 kcal/g and 45% of kcal as fat. Pterostilbene (99.9% purity)
was synthesized according to published procedures [13].
Resveratrol and pterostilbene were added to the diet daily, in
amounts that ensured a dose of 30 mg/kg body weight/day.
Resveratrol was a generous gift from Monteloeder (Elche,
Spain). All animals had free access to food and water. Food
intake and body weight were measured daily. At the end of the
total experimental period (6 weeks), rats from the four exper-
imental groups were sacrificed after 12 h of fasting, under
anesthesia (chloral hydrate), by cardiac exsanguination.
White adipose tissue from different regions (subcutaneous,
SC; epididymal, EPI; perirenal, and mesenteric) and
interscapular brown adipose tissue (IBAT) were dissected
and weighed, and then immediately frozen in liquid nitrogen.
All samples were stored at − 80 °C until analysis. Percentage
of fat mass was calculated as follows: Fat mass (%) = (fat
content (g)/body weight (g)) × 100.

Extraction and analysis of RNA
and semi-quantification by reverse
transcription-polymerase chain reaction (real-time
RT-PCR)

Total RNAwas isolated from 100 mg of SC, EPI, and IBAT
adipose tissues samples using Trizol (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions. In
the following step, DNase treatment (Applied Biosystems,
Foster City, CA, USA) was carried out to remove any
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contamination with genomic DNA. The yield and quality of
the purified RNAwas determined using a NanoDrop spectro-
photometer (Thermo Scientific, Wilmington, DE, USA). A
total of 1.5 μg of RNAwere reverse-transcribed into comple-
mentary DNA (cDNA) using the iScript cDNA Synthesis kit
(BioRad, Hercules, CA, USA) according to the manufac-
turer’s protocol. Reactions were incubated initially at 25 °C
for 5 min, subsequently at 42 °C for 30 min, and finally at
85 °C for 5 min.

Relative mRNA levels were quantified using a CFX96
Touch™ Real-Time PCR Detection System (BioRad,
Hercules, CA, USA) in the presence of SYBR® Green
master mix (Applied Biosystems, Foster City, CA, USA).
The PCR reagent mixture consisted of 4.75 μL aliquot of
each diluted complementary DNA sample in a 12.5-μL
reaction volume for PCR amplification. Sequences of
primers are given in Table 1, and the concentration of the
primers were as follows: 300 nM for nov/ccn3, uncoupling
protein 1 (Ucp1) and 18Sr; 900 nM for peroxisome
proliferator-activated receptor-gamma coactivator 1 alpha
(Pgc-1a); and 600 nM for the rest of the genes. The PCR
parameters were as follows: start at 50 °C for 2 min,
denaturation at 95 °C for 10 min, denaturation at 95 °C
for 15 s, annealing temperatures, and number of cycles
are specified in Table 1, and in all the cases, the exten-
sion temperature was 60 °C. mRNA levels in all the
samples were normalized to the values of 18Sr, and
the results were expressed as fold changes of the thresh-
old cycle (Ct) value relative to the controls using the
2−ΔΔCt method [16]. The specificity of a quantitative
PCR assay was confirmed by dissociation curve.

Protein expression measurements by Western blot

All tissues (100 mg) were homogenized in 500 μL of cellular
PBS buffer (pH 7.4) for adipose tissues, containing nuclease
inhibitors, 100 mM phenylmethylsulfonyl fluoride, and
100 mM iodoacetamide. The homogenates were centrifuged
(800×g, 5 min, 4 °C), and the protein concentration was mea-
sured following the Bradford method [6] using bovine serum
albumin as standard. Immunoblot analyses were performed
using 30 μg of protein from SC homogenate, 20 μg from
EPI homogenate, and 40 μg from IBAT homogenate. NOV/
CCN3 was separated by electrophoresis in a 10% SDS-
polyacrylamide gel and transferred on to PVDF membranes.
Then, the membranes were blocked with 5% casein 0.5%
BSA PBS-Tween buffer for 1.5 h. Subsequently, they were
divided into two parts (one for tubulin determination and the
other for NOV/CCN3) and incubated overnight at 4 °C with
appropriate antibodies: anti-NOV/CCN3 (1:1000) and anti-
tubulin (1:1000; Cell Signaling Technology, Danvers,
Massachusetts, USA). Bound antibodies were visualized by
using the Clarity™Western ECL Blotting Substrate (BioRad,
Hercules, CA, USA) and quantified by a ChemiDoc MP im-
aging system (BioRad, Hercules, CA, USA). For densitomet-
ric quantification, levels of NOV/CCN3 protein was normal-
ized by tubulin.

Statistical analysis

Results are presented as mean ± standard error of the means.
Statistical analysis was performed using SPSS 24.0 (SPSS,
Chicago IL, USA). All the parameters are normally distributed

Table 1 Primer sequences and PCR conditions for RT-PCR amplification of each gene studied

Gene Sense primer sequence Antisense primer sequence Annealing temperature and no.
of cycles

Nov/ccn3 5′-CTACAGAGTGGAGCGCGTGTT-3′ 5′-GGAAGATTCCTGTTGGTGACCC-3′ SC 56.6 °C, 45 cycles; EPI 61.7
°C, 40 cycles; IBAT 59.8
°C, 45 cycles

Cebpb 5′-CAAGCTGAGCGACGAGTACA-3′ 5′-CAGCTGCTCCACCTTCTTCT-3′ EPI 60 °C, 40 cycles

Srebf1 5′-GGAGCCATGGATTGCACATT-3′ 5′-GCTTCCAGAGAGGAGCCCAG-3′ SC 64 °C, 45 cycles; EPI 60
°C, 40 cycles

Cebpa 5′-GAGTCGGCCGACTTCTACG-3′ 5′-GTCTCGTGCTCGCAGATGC-3′ EPI 64 °C, 45 cycles

Pparg 5′-CTGTCGGTTTCAGAAGTGCCT-3′ 5′-AGCTGGTCGATATCACTGGAG-3′ SC 56.6 °C, 45 cycles; EPI 60
°C, 40 cycles

Acc 5′-GGACCACTGCATGGAATGTTA-3′ 5′-TGAGTGACTGCCGAAACATCT-3′ EPI 60 °C, 45 cycles

Ucp1 5′-ATCTCGGCTGGCTTGATGAC-3′ 5′-ATTCTGACCTTCACCACCTCTG-3′ IBAT 60 °C, 40 cycles

Pgc-1a 5′-ACCCACAGGATCAGAACAAAC-3′ 5′-GACAAATGCTCTTTGCTTTAxTTGC-3′ IBAT 60 °C, 40 cycles

18Sr 5′- CATCGAGCAGGTCTGTTCCC-3′ 5′-TAGATTGGCTTGACGGACTTGG-3′ SC, EPI, IBAT 60 °C, 40 cycles

18Sr 18S ribosomal, Acc acetyl-CoA carboxylase, Cebpa CCAAT/enhancer-binding protein alpha, Cebpb CCAAT/enhancer-binding protein beta, EPI
epididymal adipose tissue, IBAT interscapular brown adipose tissue,Nov/ccn3 nephroblastoma overexpressed, Pgc-1a peroxisome proliferator-activated
receptor-gamma coactivator 1 alpha, Pparg peroxisome proliferator-activated receptor gamma, SC subcutaneous adipose tissue, Srebf1 sterol regulatory
element-binding transcription factor 1, Ucp1 uncoupling protein 1
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according to the Shapiro–Wilk's test. Then, comparisons be-
tween each treatment with the controls were analyzed by using
one-way ANOVA followed by the Newman–Keuls post hoc
test. Pearson’s r correlations were used to assess the potential
associations between NOV/CCN3 and genes related to adipo-
genesis and thermogenesis. Statistical significance was set-up
at the P < 0.05.

Results

Adipose tissue weights

Rats fed a high-fat high-sucrose diet (HFS) showed higher
subcutaneous and internal adipose tissues weights than rats
fed a standard diet. Resveratrol prevented the increase in ep-
ididymal adipose tissue weight, as well as the weight of inter-
nal depots or total adipose tissue weight. However,
pterostilbene prevented this increase in the case of subcutane-
ous adipose tissue and when the weights of either the internal
or all the dissected white adipose tissues were pooled. The
prevention of body fat gain induced by both phenolic com-
poundswas partial because adipose tissue weights in rats treat-
ed with these compounds were higher than those in the control
rats fed a standard diet (Table 2). No significant changes were
found in interscapular brown adipose tissue (IBAT).

Gene and protein determinations in white adipose
tissue

In epididymal adipose tissue rats fed the HFS diet showed
decreased Nov/ccn3 gene expression (0.37-fold change)
when compared with the CC group (Fig. 1a). A tendency
towards reduced values was also observed in protein ex-
pression (− 70%, P = 0.07) (Fig. 1b). As far as phenolic

compound supplementation is concerned, resveratrol sig-
nificantly increased Nov/ccn3 gene expression (7-fold
change) versus HFS diet. However, pterostilbene-treated
rats showed lower NOV/CCN3 protein expression (−
53%) when compared with this group.

When adipogenic genes were analyzed, we observed
that HFS diet induced a significant decreased in sterol
regulatory element-binding transcription factor 1
(Srebf1), CCAAT/enhancer-binding protein alpha
(Cebpa), peroxisome proliferator-activated receptor gam-
ma (Pparg), and acetyl-CoA carboxylase (Acc) levels,
whereas CCAAT/enhancer-binding protein beta (Cebpb),
which is implicated in the early state of adipogenesis, was
not changed (Fig. 2). With regard to resveratrol and
pterostilbene supplementation, both phenolic compounds
prevented this effect. Moreover, in resveratrol-treated rats,
a tendency towards increased Cebpb levels (2.6-fold
change, P = 0.068) and significantly higher levels of
Pparg (5.2-fold change) were observed when data were
compared with rats under the obesogenic feeding (Fig. 2).

A positive correlation was revealed by Pearson r analysis
betweenNov/ccn3 gene expression andCebpb (r = 0.648, P =
0.000), Srebf1 (r = 0.771, P = 0.000), Cebpa (r = 0.478, P =
0.014), Pparg (r = 0.854, P = 0.000), and Acc (r = 0.495, P =
0.009) gene expression levels.

In subcutaneous adipose tissue, NOV/CCN3 gene and
protein expressions were not modified by HFS feeding
(Fig. 3a, b). When resveratrol or pterostilbene was
added to the diet, NOV/CCN3 gene and protein expres-
sions remained unchanged with regard to HFS group. In
this tissue, only results concerning Srebf1 and Pparg
gene expressions are presented. The other three
adipogenic genes were also analyzed but, under our ex-
perimental conditions, we did observe that the sensitiv-
ity of the RT-PCR was not high enough to provide

Table 2 Final body weight, food
intake, and white and brown
adipose tissue weights (expressed
as percentage of total body
weight) of rats fed on the
experimental diets for 6 weeks

CC HFS RSV PT

Total body weight (g) 334 ± 8b 389 ± 9a 362 ± 5c = 376 ± 9ac

Food intake (g/day) 17.0 ± 0.4 17.6 ± 0.3 16.5 ± 0.6 17.3 ± 0.3

Adipose tissue weight (% BW)

SC 2.7 ± 0.1b 4.5 ± 0.4a 4.1 ± 0.1a 3.1 ± 0.2b

EPI 2.0 ± 0.1b 4.0 ± 0.1a 3.4 ± 0.1c 3.6 ± 0.3ac

PERI 2.5 ± 0.2b 3.9 ± 0.2a 3.5 ± 0.1a 3.3 ± 0.2ab

MES 0.7 ± 0.0b 1.4 ± 0.0a 1.4 ± 0.0a 1.2 ± 0.1a

Internal AT 5.2 ± 0.3b 9.3 ± 0.3a 8.3 ± 0.1c 8.2 ± 0.4c

Total AT 7.9 ± 0.4b 13.8 ± 0.6a 12.4 ± 0.2c 11.6 ± 0.8c

IBAT 0.9 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.8 ± 0.1

Values are the means ± SEM. Values in the same row with different lowercase letters are significantly different at
P < 0.05

BW body weight, SC subcutaneous adipose tissue, EPI epididymal adipose tissue, PERI perirenal adipose tissue,
MES mesenteric adipose tissue, AT adipose tissue, IBAT interscapular brown adipose tissue
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accurate data in this adipose tissue depot. The
obesogenic diet significantly increase Srebf1 gene ex-
pression (2.1-fold change) compared with the control
group, and this rise was prevented by both resveratrol
and pterostilbene supplementation (Fig. 4a). Regarding
its downstream target gene Pparg, no significant chang-
es were observed in HFS or RSV groups. By contrast,
pterostilbene supplementation induced a significant de-
crease (Fig. 4b). No significant correlations were ob-
served between these genes and Nov/ccn3.

Gene and protein NOV/CCN3 expressions
in interscapular brown adipose tissue

A significant decrease (0.3-fold change) was observed in
Nov/ccn3 gene expression in rats fed an obesogenic diet
compared with the control group (Fig. 5a). In addition, a
reduction (− 50%) was also detected at the protein level,
but this change did not reach statistical significance (Fig.
5b). Resveratrol or pterostilbene administration did not
prevent the reduction induced by the HFS diet.

Fig. 2 Gene expression of Cebpb, Srebf1, Cebpa, Pparg, and Acc in
epididymal white adipose tissue from rats treated with standard diet
(CC), high-fat high-sucrose diet (HFS), HFS supplemented with resver-
atrol (RSV), and HFS supplemented with pterostilbene (PT) for 6 weeks.
Data are means ± SEM. Values not sharing a common letter are

significantly different (P < 0.05). Cebpb: CCAAT/enhancer-binding pro-
tein beta; Srebf1: sterol regulatory element-binding transcription factor 1;
Cebpa: CCAAT/enhancer-binding protein alpha; Pparg: peroxisome
proliferator-activated receptor gamma; Acc: acetyl-CoA carboxylase

Fig. 1 Gene (a) and protein (b) expression of NOV/CCN3 in epididymal
white adipose tissue from rats treated with standard diet (CC), high-fat
high-sucrose diet (HFS), HFS supplemented with resveratrol (RSV), and
HFS supplemented with pterostilbene (PT) for 6 weeks. The western blot

bands shown are representative of 9 samples/group. Data are means ±
SEM. Values not sharing a common letter are significantly different
(P < 0.05)
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As IBAT is specialized in thermogenesis, we analyzed the
expression of Ucp1 and Pgc-1a, two key genes in this meta-
bolic process. The HFS diet prompted a significant decrease in
Ucp1 (Fig. 5c) and Pgc-1a (Fig. 5d) gene expression levels.
This effect was prevented by resveratrol but not by
pterostilbene. There were positive correlations between Nov/
ccn3 and Ucp1 (r = 0.370, P = 0.050) and Pgc-1a (r = 0.619,
P = 0.001).

Discussion

Obesity is becoming a growing public health problem in
Western countries due to its high prevalence, not only in adults
but also in children. At present, the scientific community is
looking for active biomolecules showing beneficial effects on
obesity prevention and/or treatment. In this context, the fat-
lowering effect for resveratrol [25] and pterostilbene [10] has

been reported. Although several mechanisms of action have
been described, more research is needed to totally clarify this
issue [2]. The effect of resveratrol and pterostilbene on NOV/
CCN3 production in adipose tissue have been scarcely studied
so far. Thus, in the present study, we were interested in ana-
lyzing the effects of resveratrol and its methoxy derivative,
pterostilbene, on NOV/CCN3 adipokine expression in adi-
pose tissues from rats fed an obesogenic diet.

As expected, we observed that rats fed a HFS diet for
6 weeks showed higher white adipose tissue weights than rats
fed a standard diet. The effect of the phenolic compounds on
adipose tissues was different depending on their anatomical
location. Thus, resveratrol partially prevented epididymal tis-
sue weight increase, whereas pterostilbene prevented subcu-
taneous adipose tissue growth induced by the HFS diet. It has
been reported that subcutaneous and internal white adipose
tissues show different metabolic features [21], and conse-
quently different responses to dietary interventions. In the

Fig. 3 Gene (a) and protein (b) expression of NOV/CCN3 in subcutane-
ous white adipose tissue from rats treated with standard diet (CC), high-
fat high-sucrose diet (HFS), HFS supplemented with resveratrol (RSV),
and HFS supplemented with pterostilbene (PT) for 6 weeks. The western

blot bands shown are representative of 9 samples/group. Data are means ±
SEM. Values not sharing a common letter are significantly different
(P < 0.05)

Fig. 4 Gene expression of Srebf1 (a) and Pparg (b) in subcutaneous
white adipose tissue from rats treated with standard diet (CC), high-fat
high-sucrose diet (HFS), HFS supplemented with resveratrol (RSV), and
HFS supplemented with pterostilbene (PT) for 6 weeks. Data are means ±

SEM. Values not sharing a common letter are significantly different
(P < 0.05). Srebf1: sterol regulatory element-binding transcription factor
1; Pparg: peroxisome proliferator-activated receptor gamma
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present study, the increase in epididymal tissue size was ac-
companied by lower gene and protein expressions of NOV/
CCN3. Due to high SEM values, the decrease in protein ex-
pression (− 70%, P = 0.07) did not reach statistical signifi-
cance. By contrast, in subcutaneous adipose tissue, both gene
and protein expression remained unchanged. These results
support the idea that epididymal adipose tissue is metabolical-
ly more active than subcutaneous depot [4, 7].

By analyzing epididymal adipose tissue, Martinerie
et al. observed that NOV−/− mice showed lower body
weights than wild-type mice, when they were fed a
high-fat diet [17], suggesting that the absence of NOV/
CCN3 protects from excessive fat accumulation in adi-
pose tissue. Taking these results into consideration, it
can be proposed that the reduction in NOV/CCN3 ob-
served in our study in rats fed the obesogenic diet can
represent a protective mechanism to counteract adipose
tissue expansion. Since Martinerie et al. also reported that
NOV/CCN3 is strongly associated with adipocyte differ-
entiation, and due to the fact that this process could be

responsible in part for the reduction in adipose tissue
weight, the expressions of genes involved in adipogenesis
was measured. Our results showed that, as a whole, the
analyzed adipogenic genes were significantly reduced. In
addition, and in line with this study reported by
Martinerie et al., negative correlations between Nov/ccn3
and these genes were found. Consequently, it can be pro-
posed that, in the rats fed the obesogenic diet, the reduc-
tion in adipogenesis is a compensatory mechanism in or-
der to minimize obesity development. It could be pro-
posed that changes in NOV/CCN3 were probably in-
volved in the reduction of adipogenic gene expression.
Nevertheless, further data, for instance the expression of
adipogenic genes in NOV−/− mice, are needed to confirm
this hypothesis.

A positive correlation between serum NOV/CCN3 and
body mass index has been reported in humans [20].
Obviously, our results are not in good accordance with this
study. Nevertheless, it should be taken into account that
Pakradouni et al. measured NOV/CCN3 in plasma, not in

Fig. 5 Gene (a, c, d) and protein (B) expression of NOV/CCN3, Ucp1
and Pgc-1a in IBAT tissue from rats fed a standard diet (CC), high-fat
high-sucrose diet (HFS), HFS supplemented with resveratrol (RSV), and
HFS supplemented with pterostilbene (PT) for 6 weeks. The western blot

bands shown are representative of nine samples/group. Data are means ±
SEM. Values not sharing a common letter are significantly different
(P < 0.05). Ucp1: uncoupling protein 1; Pgc-1a: peroxisome
proliferator-activated receptor-gamma coactivator 1 alpha
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adipose tissue, and serum concentration of this adipokine re-
sults from the secretion of a great number of tissues, being
important to discriminate the contribution of each tissue
separately.

As far as phenolic compounds are concerned, on the one
hand, resveratrol partially prevented epididymal adipose tis-
sue expansion, but not subcutaneous adipose tissue growth.
Although gene expression of Nov/ccn3 was significantly in-
creased, this change was no reflected in protein expression,
perhaps due to posttranscriptional modifications, or to
microRNA regulation. In fact, miRWalk database shows that
Nov/ccn3 can be a predicted target for several microRNAs
(http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/).
These results suggest that NOV/CCN3 is not a target for this
compound and thus, it does not participate in its anti-
obesogenic effect. Interestingly, the decrease induced by the
obesogenic feeding in adipogenic genes was completely
prevented by resveratrol, probably because this phenolic com-
pound was acting by preventing obesity and thus additional
mechanisms were not needed. On the other hand, in good
accordance with the lack of effect of pterostilbene on epidid-
ymal adipose tissue growth, this compound did not induce
significant changes in Nov/ccn3 gene expression, when com-
pared with non-treated animals. Thus, although pterostilbene
induced a small NOV/CCN3 protein expression reduction, it
seems that this change was not functionally relevant.

Little is known about the role of NOV/CCN3 in white
adipose tissue, and even less in brown adipose tissue. As far
as we know, this is the first time NOV/CCN3 adipokine was
detected in this tissue. It is well known that brown adipose
tissue can dissipate high amounts of energy through heat pro-
duction (thermogenesis), and that resveratrol [3] and
pterostilbene [1] increase thermogenic and oxidative capacity
of brown adipose tissue in obese rats. Thermogenesis occurs
thanks to UCP1 protein, which is regulated by PGC-1a. This
protein is located in the inner mitochondrial membrane of
brown adipose tissue, and the proton gradient generated is
dissipated through this protein liberating the energy as heat
[5]. Thus, in our study, gene expression of these two proteins
was measured.

The results showed that the obesogenic diet reduced Ucp1
and Pgc-1a gene expression levels, in interscapular brown
adipose tissue thus decreasing its thermogenic capacity, but
no changes were observed in NOV/CCN3 protein expression.
Resveratrol, but not pterostilbene, prevented these changes,
but it did not induce changes in NOV/CCN3. Altogether,
these results suggest that probably, NOV/CCN3 is not related
to thermogenesis. Nevertheless, further studies are needed to
clarify this issue.

In summary, NOV/CCN3 seems to be involved in weight
changes observed in epididymal adipose tissue under
obesogenic feeding, but not in subcutaneous, acting as a pro-
tective mechanism counteracting the fattening effect of the

diet. As far as we know, this is the first study devoted to
analyzing whether NOV/CCN3 is involved in the anti-
obesity effect of resveratrol and pterostilbene. The results ob-
tained suggest that this is not the case, but this is a preliminary
study and further research is needed to gain more insight on
this issue.

Funding information This study was supported by grants from the
Instituto de Salud Carlos III (CIBERObn), Government of the Basque
Country (IT-572-13).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Aguirre L, Milton-Laskibar I, Hijona E, Bujanda L, Rimando AM,
Portillo MP (2016) Effects of pterostilbene in brown adipose tissue
from obese rats. J Physiol Biochem 73:457–464. https://doi.org/10.
1007/s13105-017-0556-2

2. Aguirre L, Fernandez-Quintela A, Arias N, Portillo MP (2014)
Resveratrol: anti-obesity mechanisms of action. Molecules 19:
18632–18655. https://doi.org/10.3390/molecules191118632

3. Andrade JM, Frade AC, Guimaraes JB, Freitas KM, Lopes MT,
Guimaraes AL, de Paula AM, Coimbra CC, Santos SH (2014)
Resveratrol increases brown adipose tissue thermogenesis markers
by increasing SIRT1 and energy expenditure and decreasing fat
accumulation in adipose tissue of mice fed a standard diet. Eur J
Nutr 53:1503–1510. https://doi.org/10.1007/s00394-014-0655-6

4. Bjorndal B, Burri L, Staalesen V, Skorve J, Berge RK (2011)
Different adipose depots: their role in the development of metabolic
syndrome and mitochondrial response to hypolipidemic agents. J
Obes 2011:490650. https://doi.org/10.1155/2011/490650

5. BonetML,Mercader J, PalouA (2017) A nutritional perspective on
UCP1-dependent thermogenesis. Biochimie 134:99–117

6. Bradford MM (1976) A rapid and sensitive method for the quanti-
tation of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem 72:248–254

7. Deveaud C, Beauvoit B, Salin B, Schaeffer J, Rigoulet M (2004)
Regional differences in oxidative capacity of rat white adipose tis-
sue are linked to the mitochondrial content of mature adipocytes.
Mol Cell Biochem 267:157–166

8. Escote X, Gomez-Zorita S, Lopez-Yoldi M, Milton-Laskibar I,
Fernandez-Quintela A, Martinez JA, Moreno-Aliaga MJ, Portillo
MP (2017) Role of omentin, vaspin, cardiotrophin-1, TWEAK and
NOV/CCN3 in obesity and diabetes development. Int J Mol Sci 18.
https://doi.org/10.3390/ijms18081770

9. Feve B, Bastard C, Fellahi S, Bastard JP, Capeau J (2016) New
adipokines. Ann Endocrinol (Paris) 77:49–56. https://doi.org/10.
1016/j.ando.2016.01.001

10. Gomez-Zorita S, Fernandez-Quintela A, Lasa A, Aguirre L,
Rimando AM, Portillo MP (2014) Pterostilbene, a dimethyl ether
derivative of resveratrol, reduces fat accumulation in rats fed an
obesogenic diet. J Agric Food Chem 62:8371–8378. https://doi.
org/10.1021/jf501318b

11. Holbourn KP, Acharya KR, Perbal B (2008) The CCN family of
proteins: structure-function relationships. Trends Biochem Sci 33:
461–473. https://doi.org/10.1016/j.tibs.2008.07.006

282 Trepiana et al.

http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
https://doi.org/10.1007/s13105-017-0556-2
https://doi.org/10.1007/s13105-017-0556-2
https://doi.org/10.3390/molecules191118632
https://doi.org/10.1007/s00394-014-0655-6
https://doi.org/10.1155/2011/490650
https://doi.org/10.3390/ijms18081770
https://doi.org/10.1016/j.ando.2016.01.001
https://doi.org/10.1016/j.ando.2016.01.001
https://doi.org/10.1021/jf501318b
https://doi.org/10.1021/jf501318b
https://doi.org/10.1016/j.tibs.2008.07.006


12. Jia Q, Dong Q, Qin L (2016) CCN: core regulatory proteins in the
microenvironment that affect the metastasis of hepatocellular carci-
noma? Oncotarget 7:1203–1214. https://doi.org/10.18632/
oncotarget.6209

13. Joseph JA, Fisher DR, Cheng V, Rimando AM, Shukitt-Hale B
(2008) Cellular and behavioral effects of stilbene resveratrol ana-
logues: implications for reducing the deleterious effects of aging. J
Agric Food Chem 56:10544–10551. https://doi.org/10.1021/
jf802279h

14. Kular L, Pakradouni J, Kitabgi P, Laurent M, Martinerie C (2011)
The CCN family: a new class of inflammation modulators?
Biochimie 93:377–388. https://doi.org/10.1016/j.biochi.2010.11.
010

15. Lin Z, Natesan V, Shi H, Hamik A, Kawanami D, Hao C,
Mahabaleshwar GH, Wang W, Jin ZG, Atkins GB, Firth SM,
Rittie L, Perbal B, Jain MK (2010) A novel role of CCN3 in reg-
ulating endothelial inflammation. J Cell Commun Signal 4:141–
153. https://doi.org/10.1007/s12079-010-0095-x

16. Livak KJ, Schmittgen TD (2001) Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(−Delta Delta
C(T)) method. Methods 25:402–408. https://doi.org/10.1006/meth.
2001.1262

17. Martinerie C, GarciaM, Do TT, Antoine B,MoldesM, Dorothee G,
Kazazian C, Auclair M, BuyseM, Ledent T,Marchal PO, Fesatidou
M, Beisseiche A, Koseki H, Hiraoka S, Chadjichristos CE,
Blondeau B, Denis RG, Luquet S, Feve B (2016) NOV/CCN3: a
new adipocytokine involved in obesity-associated insulin resis-
tance. Diabetes 65:2502–2515. https://doi.org/10.2337/db15-0617

18. Mattison JA, Wang M, Bernier M, Zhang J, Park SS, Maudsley S,
An SS, Santhanam L, Martin B, Faulkner S, Morrell C, Baur JA,
Peshkin L, Sosnowska D, Csiszar A, Herbert RL, Tilmont EM,
Ungvari Z, Pearson KJ, Lakatta EG, de Cabo R (2014)
Resveratrol prevents high fat/sucrose diet-induced central arterial
wall inflammation and stiffening in nonhuman primates. Cell
Metab 20:183–190. https://doi.org/10.1016/j.cmet.2014.04.018

19. Nakamura K, Fuster JJ,Walsh K (2014)Adipokines: a link between
obesity and cardiovascular disease. J Cardiol 63:250–259. https://
doi.org/10.1016/j.jjcc.2013.11.006

20. Pakradouni J, Le Goff W, Calmel C, Antoine B, Villard E, Frisdal
E, Abifadel M, Tordjman J, Poitou C, Bonnefont-Rousselot D,
Bittar R, Bruckert E, Clement K, Feve B, Martinerie C, Guerin M
(2013) Plasma NOV/CCN3 levels are closely associated with obe-
sity in patients with metabolic disorders. PLoS One 8:e66788.
https://doi.org/10.1371/journal.pone.0066788

21. Palou M, Priego T, Sanchez J, Rodriguez AM, Palou A, Pico C
(2009) Gene expression patterns in visceral and subcutaneous adi-
pose depots in rats are linked to their morphologic features. Cell
Physiol Biochem 24:547–556. https://doi.org/10.1159/000257511

22. Paradis R, Lazar N, Antinozzi P, Perbal B, Buteau J (2013) Nov/
Ccn3, a novel transcriptional target of FoxO1, impairs pancreatic
beta-cell function. PLoS One 8:e64957. https://doi.org/10.1371/
journal.pone.0064957

23. Perbal B (1995) Pathogenic potential of myeloblastosis-associated
viruses. Infect Agents Dis 4:212–227

24. Su BY, Cai WQ, Zhang CG, Martinez V, Lombet A, Perbal B
(2001) The expression of ccn3 (nov) RNA and protein in the rat
central nervous system is developmentally regulated. Mol Pathol
54:184–191

25. Szkudelski T, Szkudelska K (2015) Resveratrol and diabetes: from
animal to human studies. Biochim Biophys Acta 1852:1145–1154.
https://doi.org/10.1016/j.bbadis.2014.10.013

26. Thibout H, Martinerie C, Creminon C, Godeau F, Boudou P, Le
Bouc Y, Laurent M (2003) Characterization of human NOV in
biological fluids: an enzyme immunoassay for the quantification
of human NOV in sera from patients with diseases of the adrenal
gland and of the nervous system. J Clin Endocrinol Metab 88:327–
336. https://doi.org/10.1210/jc.2002-020304

27. Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB
(1999) Elevated C-reactive protein levels in overweight and obese
adults. JAMA 282:2131–2135

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Effects of resveratrol and its analogue pterostilbene, on NOV/CCN3 adipokine in adipose tissue from rats... 283

https://doi.org/10.18632/oncotarget.6209
https://doi.org/10.18632/oncotarget.6209
https://doi.org/10.1021/jf802279h
https://doi.org/10.1021/jf802279h
https://doi.org/10.1016/j.biochi.2010.11.010
https://doi.org/10.1016/j.biochi.2010.11.010
https://doi.org/10.1007/s12079-010-0095-x
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.2337/db15-0617
https://doi.org/10.1016/j.cmet.2014.04.018
https://doi.org/10.1016/j.jjcc.2013.11.006
https://doi.org/10.1016/j.jjcc.2013.11.006
https://doi.org/10.1371/journal.pone.0066788
https://doi.org/10.1159/000257511
https://doi.org/10.1371/journal.pone.0064957
https://doi.org/10.1371/journal.pone.0064957
https://doi.org/10.1016/j.bbadis.2014.10.013
https://doi.org/10.1210/jc.2002-020304

	Effects...
	Abstract
	Introduction
	Materials and methods
	Animal, diets, and experimental design
	Extraction and analysis of RNA and semi-quantification by reverse transcription-polymerase chain reaction (real-time RT-PCR)
	Protein expression measurements by Western blot
	Statistical analysis

	Results
	Adipose tissue weights
	Gene and protein determinations in white adipose tissue
	Gene and protein NOV/CCN3 expressions in interscapular brown adipose tissue

	Discussion
	References


