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Abstract

Background: Obesity is widely recognised as an important risk factor for colorectal cancer (CC).

Aim: The study aimed to evaluate the effect of CC on circulating concentrations and gene expression levels of inflammatory and angiogenesis-related factors in
human visceral adipose tissue (VAT).

Methods: VAT biopsies were obtained from 18 healthy individuals and 11 patients with CC. Real-time polymerase chain reactions were performed to quantify
gene expression levels and zymographic analyses were used to determine the activity of matrix metalloproteinases (MMPs).

Results: Patients with CC exhibited increased mRNA expression levels of lipocalin-2 (P=.014), osteopontin (P=.027), tumor necrosis factor-o (TNF-a) (P=.016)
and chitinase-3 like-1 (P=.006) compared to control subjects in VAT. Gene expression levels of hypoxia-inducible factor-1 o, vascular endothelial growth factor
and MMP-2 were significantly higher (P<.05) in VAT of patients with CC. The expression of insulin-like growth factor I, insulin growth factor binding protein 3
and MMP-9 followed the same trend, although no significant differences were reached. The enzymatic activity of MMP-9 was increased (P<.001) in patients with
CC. Furthermore, individuals with CC showed increased (P<.05) circulating concentrations of the inflammatory markers interleukin-6, tumour necrosis factor o
and hepatocyte growth factor, whereas levels of the anti-inflammatory adipokine adiponectin were decreased (P<.01).

Conclusion: These findings represent the first observation that mRNA levels of the novel inflammatory factors lipocalin-2, chitinase-3 like-1 and osteopontin are
increased in human VAT of subjects with CC. This observation together with the up-regulation of angiogenic factors suggests that adipokines secreted by VAT
may be involved in the development of colon cancer.

© 2011 Elsevier Inc. All rights reserved.
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1. Introduction body weight is widely recognised as an important risk factor for the
development of some common cancers, as is the case with colorectal and
breast cancer [2-5]. In most studies obesity, defined as a body mass index
(BMI) >30 kg/m?, has been consistently associated with a higher risk of
colorectal cancer both in men (relative risk of 1.5 to 2.0) and women
(relative risk of 1.2-1.5) compared with a low or normal BMI [3,6-9].
Gender differences have been observed consistently across different
studies [5]. One plausible explanation relies on the fact that central
adiposity is a stronger predictor of colon cancer risk than peripheral
adiposity or general overweight. In this regard, waist circumference and
waist-to-hip ratio, indicators of abdominal obesity, have been strongly
associated with colon cancer risk in men and women [10,11].

The incidence of obesity and its associated disorders is increasing at
an accelerating and alarming rate world wide [1]. Noteworthily, excess
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The mechanisms linking obesity and colon cancer are unclear but
the obesity-associated low-grade chronic inflammation is widely
accepted as an important factor in colon cancer pathogenesis [12-15].
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It has been described that the tumoural microenvironment contains
inflammatory cells that secrete cytokines, growth factors, metallopro-
teinases, and reactive oxygen species, which can induce DNA damage
and chromosomal instability, thereby favouring carcinogenesis [15]. In
this respect, adipose tissue constitutes a highly active endocrine organ
[16,17] that secretes a variety of proteins collectively called adipokines
directly involved not only in the regulation of whole-body metabolism
but also in inflammatory and immune responses [18]. Noteworthy,
novel adipokines related to inflammation and insulin resistance with
emerging roles in tumour development have been recently described
[19-21]. Lipocalin-2 (LCN2) is known to promote breast, ovarian and
oesophageal cancer progression [22-24], while osteopontin (OPN) is
reportedly involved in the regulation of cell signalling that controls
tumour progression and metastasis [25]. Furthermore, a strong
association between elevated plasma concentrations of chitinase-3
like-1 (YKL-40) and the incidence of gastrointestinal cancer has been
found [26]. On the other hand, adiponectin, an anti-inflammatory and
insulin-sensitizing hormone secreted by adipocytes, is inversely
associated with visceral adiposity and it has been recently described
that its levels are negatively correlated with the risk of malignancies
associated with obesity [27,28].

The importance of angiogenesis for the growth of solid tumours
[29,30] as well as for the development of obesity [31,32] is well
recognised. Growing adipocytes produce a wide variety of angiogenic
factors including leptin, vascular endothelial growth factor (VEGF),
hepatocyte growth factor (HGF), insulin-like growth factor I (IGF-I),
tumour necrosis factor o (TNF-a), interleukin (IL)-6, IL-8, IL1-3 or
tissue factor (TF) [31]. In agreement with this, our group has shown
that the members of the VEGF family play a role in adipose tissue
expansion that takes place in obesity [33,34]. In addition, in expanding
adipose tissue, clusters of enlarged adipocytes become distant from
the vasculature, leading to local areas of hypoxia [35,36] and,
therefore, to the secretion of hypoxia-inducible factor-1 o (HIF-1av),
a key factor for vascular growth and remodelling that dysregulates the
production of adipokines [37]. In this context, an increased expression
of matrix-metabolising enzymes is observed in the inflammatory state
of obesity at the same time as being a hallmark of many tumour
processes [38]. Human adipose tissue releases matrix metalloprotein-
ase (MMP)-2 and MMP-9 during adipocyte differentiation suggesting
apivotal role in the remodelling that occurs during the development of
obesity as well as in the invasion process of tumour cells [39].

Chronic hyperinsulinaemia associated to obesity is another postu-
lated mechanism involved in cancer development through the growth-
promoting effect of elevated levels of insulin [40]. Hyperinsulinemia
reduces the production of insulin-like growth factor binding proteins
(IGFBPs) which modulate bioavailability of IGF-I, in both the circulation
and the cellular microenvironment with resultant increased levels of free
IGF-L Due to its mitogenic and anti-apoptotic functions, IGF-I has been
associated with an increased risk of colorectal and prostate cancers [41].

Taken together, obesity-associated dysregulation of adipokine
production and secretion is likely to contribute both to mutagenesis
and tumour progression. The aim of the present study was to analyse
the gene expression profile of key inflammatory and angiogenesis-
related factors as well as relevant adipokines in human visceral adipose
tissue (VAT) from volunteers with and without colon cancer (CC) as
well as the potential impact of CC on their circulating concentrations.

2. Materials and methods
2.1. Patient selection

2.1.1. Subjects

Twenty-nine samples of VAT from 11 patients with CC and 18 volunteers without CC
were used to analyse the effects of this pathology on the gene expression levels of specific
inflammatory and angiogenesis-related factors. In addition, the activity of MMP-2 and
MMP-9 in VAT was assessed in these groups of samples. Volunteers for the study were

recruited among male patients attending the Departments of Endocrinology and Surgery
of the Clinica Universidad de Navarra.

2.1.2. Sample collection

The control samples were collected via a laparoscopic approach from patients
undergoing either Nissen fundoplication (for hiatus hernia repair in lean [LN]
volunteers) or Roux-en-Y gastric bypass (for obesity treatment in obese [OB] subjects).
Unless for the specific disease originating the surgical intervention, these subjects were
healthy, were not on medication, and had no signs or clinical symptoms of cancer, liver
alteration or type 2 diabetes mellitus. The CC samples were obtained from patients who
underwent curative resection for primary colon carcinoma. None of the patients
received preoperative and/or postoperative adjuvant chemo and/or radiotherapy, as
these modalities were not part of the standard treatment regimen at that time. Tissue
samples were immediately frozen in liquid nitrogen and stored at —80°C for
subsequent analysis.

The study was approved, from an ethical and scientific standpoint, by the Hospital's
Ethical Committee responsible for research and the written informed consent of
participants was obtained.

2.2. Blood assays

Plasma samples were obtained by venipuncture after an overnight fast. Glucose
was analysed based on enzymatic spectrophotometric reactions by an automated
analyzer (Hitachi Modular P800, Roche, Basel, Switzerland). Insulin was measured by
means of an enzyme-amplified chemiluminescence assay (IMMULITE, Diagnostic
Products, Los Angeles, CA, USA). Insulin resistance and sensitivity was calculated using
respectively, the Homeostatic Model Assessment (HOMA) [fasting glucose (mmol/
L)xfasting insulin (uU/ml)/22.5] and quantitative insulin sensitivity check index
(QUICKI) [1/(log fasting insulin (uU/ml)+log fasting glucose (mg/dl)] indices [42,43].
High-sensitivity C-reactive protein (CRP) concentrations were quantified using the
Tina-quant CRP (Latex) ultrasensitive assay (Roche). Leptin was measured by a double-
antibody RIA method (Linco Research, St. Charles, MO, USA). Intra- and interassay
coefficients of variation were 5.0 and 4.5%, respectively. Adiponectin concentrations
were assessed using a commercially available ELISA kit (R&D Systems Europe,
Abingdon, UK) according to the manufacturer's instructions with intra- and interassay
coefficients of variation of 3.7% and 6.5%.

2.3. Multiplex immunoassays

The circulating concentrations of different inflammatory markers was quantified
with a Luminex 200 platform (Luminex, Austin, TX, USA) using microsphere-based
multiplexing technology. The human serum adipokine immunoassay kit used
(Millipore Iberica, Madrid, Spain) was composed by analyte-specific components for
the simultaneous measurement of the following human cytokines [interleukin (IL)-6,
IL-8, TNF-&t, monocyte chemoattractant protein-1 (MCP-1), HGF and nerve growth
factor (NGF)]. The standard curve was calculated using a five-parametric-curve fitting
method, and results were analysed using the Luminex IS software 2.3 (Luminex). Intra-
assay precision ranged from 1.4% to 7.9%, while interassay precision was <21%.
Calibrators, controls and samples were run in duplicate throughout the study.

2.4. RNA extraction and real-time polymerase chain reaction

2.4.1. RNA extraction

RNA isolation from adipose tissue was performed by homogenisation with an
ULTRA-TURRAX T 25 basic (IKA Werke GmbH, Staufen, Germany) using QIAzol Reagent
(Qiagen, Valencia, CA, USA). Samples were purified with the RNeasy Lipid Tissue Mini
Kit (Qiagen) according to the manufacturer's directions and treated with DNase [
(RNase-free DNase Set, Qiagen) in order to remove any trace of genomic DNA. For first
strand cDNA synthesis constant amounts of 2 ug of total RNA were reverse transcribed
in a 40-pL final volume using random hexamers (Roche) as primers and 400 units of M-
MLV reverse transcriptase (Invitrogen, Carlsbad, CA, USA) [33].

2.4.2. Real-time polymerase chain reaction

The transcript levels for adiponectin (ADIPOQ), HIF1A, IGF1, IGFBP3, LCN2, MMP9,
MMP2, OPN, TNF, vascular endothelial growth factor A (VEGFA), and YKL40 were
quantified by Real-Time polymerase chain reaction (PCR) (7300 Real Time PCR System,
Applied Biosystem, Foster City, CA, USA). Primers and probes (Table 1) were designed
using the software Primer Express 2.0 (Applied Biosystems) and purchased from
Genosys (Sigma, Madrid, Spain). Primers or TagMan probes encompassing fragments
of the areas from the extremes of two exons were designed to ensure the detection of
the corresponding transcript avoiding genomic DNA amplification. The cDNA was
amplified at the following conditions: 95°C for 10 min, followed by 45 cycles of 15 s at
95°C and 1 min at 59°C, using the TagMan Universal PCR Master Mix (Applied
Biosystems). The primer and probe concentrations for gene amplification were 300 and
200 nmol/L, respectively. All results were normalised to the levels of the ribosomal 18S
rRNA (Applied Biosystems) and relative quantification was calculated using the AACt
formula [44]. Relative mRNA expression was expressed as fold expression over the
calibrator sample (average of gene expression corresponding to the control group) as
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previously described [45]. All samples were run in triplicate and the average values
were calculated.

2.5. Gelatin zymography

MMP-2 and MMP-9 gelatinolytic activity was measured as previously described
[46,47]. Briefly, protein extracts of 15 pg from each sample were run in duplicate in 10%
SDS-PAGE containing 0.1% gelatin (Sigma). After the electrophoresis, gels were washed
in 2.5% Triton X-100 (Sigma) for 45 min and, subsequently, incubated overnight at 37°C
in enzyme development buffer (Invitrogen). Subsequently, gels were fixed in 50% (vol/
vol) methanol and 7% (vol/vol) acetic acid (Sigma) for 15 min and then stained for 1
h in GelCode Blue Stain Reagent (Pierce, Rockford, IL, USA). Finally, the gels were rinsed
in distilled water. MMP-2 and MMP-9 were identified based on their molecular weight
and the Quantity One software (Bio-Rad) was used for densitometric analysis of the
zymographic activities.

2.6. Statistical analysis

Data are presented as mean4standard error of the mean (S.E.M.). Differences
between the control and CC groups were assessed by two-tailed unpaired Student's t
tests. Due to their non-normal distribution gene expression levels were logarithmically
transformed. The normal distribution of the other variables was adequate for the use of
parametric tests. Pearson's correlation coefficients (r) were used to analyse the
association between variables. The calculations were performed using the SPSS/
Windows version 15.0 statistical package (SPSS, Chicago, IL, USA). P<.05 was

considered statistically significant.

Table 1

Sequences of the primers and TagMan probes

Gene (GenBank accession)

Oligonucleotide sequence (5’-3’)

ADIPOQ (NM_004797)
Forward
Reverse
TagMan Probe
HIF1A (NM_001530)
Forward
Reverse
TagMan Probe
IGF1 (NM_001111283)
Forward
Reverse
TaqMan Probe
IGFBP3 (NM_001013398)
Forward
Reverse
TagMan Probe
LCN2 (NM_005564)
Forward
Reverse
TagMan Probe
MMP2 (NM_004530)
Forward
Reverse
TagMan Probe
MMP9 (NM_004994)
Forward
Reverse
TagMan Probe
OPN (NM_000582)
Forward
Reverse
TaqMan Probe
TNF (NM_00594)
Forward
Reverse
TagMan Probe
VEGFA (NM_001025250)
Forward
Reverse
TagMan Probe
YKL40 (NM_001276)
Forward
Reverse
TagMan Probe

GGAGATCCAGGTCTTATTGGTCCTA
CCTTGGATTCCCGGAAAGC
FAM-ACATCGGTGAAACCGGAGTACCCGG-TAMRA

AACTAGCCGAGGAAGAACTATGAACA
TACCCACACTGAGGTTGGTTACTGT
FAM-AACATGGAAGGTATTGCACTGCACAGGC-TAMRA

GCCAAGTCAGCTCGCTCTGT
TTTCCTTCTCTGAGACTTCGTGTTC
FAM-TGCCCAAGACCCAGAAGTATCAGCCC-TAMRA

AACTTCTCCTCCGAGTCC
ACACTGAATCACCTGAAGT
FAM-AATATGGTCCCTGCCGTAGAG-TAMRA

CCCAGCCCCACCTCTGA
CTTCCCCTGGAATTGGTTGTC
FAM-CAAGGTCCCTCTGCAGCAGAACTTCCA-TAMRA

CCATTTTGATGACGATGAGCTATG
GTTGTACTCCTTGCCATTGAACAA
FAM-CTTGGGAGAAGGCCAAGTGGTCCGT-TAMRA

GCCCGGACCAAGGATACAGT
CCCCTCAGTGAAGCGGTACA
FAM-ACGCGCTGGGCTTAGATCATTCCTCA-TAMRA

CATCCAGTACCCTGATGCTACAGA
GGCCTTGTATGCACCATTCAA
FAM-ACATCACCTCACACATGGAAAGCGAGGA-TAMRA

CCCCAGGGACCTCTCTCTAATC
ACATGGGCTACAGGCTTGTCA
FAM-CCTCTGGCCCAGGCAGTCAGATCAT-TAMRA

CAGCACAACAAATGTGAATGCA
ACACGTCTGCGGATCTTGTACA
FAM-AATCCCTGTGGGCCTTGCTCAGAGC-TAMRA

GGACGGAGAGACAAACAGCATT
CCTGGCTGGGCTTCCTTTAT
FAM-CCACCCTAATCAAGGAAATGAAGGCC-TAMRA

IGFBP3, insulin-like growth factor binding protein 3; VEGFA, vascular endothelial

growth factor A.

3. Results
3.1. Patient characteristics

The biochemical and hormonal characteristics of the subjects
included in the study are shown in Table 2. No significant differences
were detected between groups in BMI, which was in the overweight
range and accompanied by no statistically significant differences in
leptin concentrations. Patients with CC were significantly older
(P<.05) than the control volunteers and exhibited higher insulin
sensitivity than the control individuals as evidenced by the lower
HOMA (P<.05) and higher QUICKI (P<.01) indices. Circulating
concentrations of the inflammatory markers IL-6 (P=.007), TNF-a
(P=.012) and HGF (P=.034) were significantly increased in patients
with CC, whereas circulating levels of adiponectin (P=.009) were
decreased in CC patients compared to the control group (Table 2).

3.2. Patients with colon cancer show increased gene expression levels of
inflammatory markers in visceral adipose tissue

3.2.1. Gene expression levels of inflammatory markers

To address the relevance of inflammation, gene expression levels
of ADIPOQ, LCN2, OPN, TNF and YKL40 were measured in the VAT of
CC patients compared to that of control volunteers. Expression levels
of LCN2 (P=.014), YKL40 (P=.006), OPN (P=.027) and TNF (P=.016)
were significantly up-regulated in CC patients (Fig. 1). As expected, an
opposite tendency was observed in ADIPOQ mRNA expression levels,
which were down-regulated in CC, although the differences did not
reach statistical significance (Fig. 1). A statistically significant positive
correlation between the mRNA expression of the proinflammatory
genes studied as well as with the gene expression levels of HIF1A was
found (Table 3).

3.2.2. Association of gene expression levels and circulating
concentrations of inflammatory markers

Moreover, LCN2 expression levels were positively correlated with
the circulating concentrations of TNF-a (r=0.51; P=.010) as well as
with MCP-1 (r=0.48; P=.016) and negatively with circulating levels
of adiponectin (r=—0.51; P=.013). Furthermore, YKL40 expression
levels were positively correlated with the circulating inflammatory
markers CRP (r=0.48; P=.019) and IL-6 (r=0.46; P=.017), while a
negative association was detected between the mRNA of TNF and
adiponectin concentrations (r=-0.61; P<.001).

3.3. Gene expression levels of angiogenesis-related factors in visceral
adipose tissue are up-regulated in patients with colon cancer

3.3.1 mRNA expression of angiogenesis-related factors

Real-time PCR analysis indicated that the mRNA expression of
HIF1A (P=.043) and VEGFA (P=.012) in VAT were significantly higher
in CC patients compared to control volunteers (Fig. 2). As expected,
gene expression levels of IGF1 followed the same trend, whereas the
mRNA expression of IGFBP3, an IGF-I regulatory protein, was down-
regulated in CC patients, although no statistically significant differ-
ences were detected (Fig. 2). Gene expression levels of the
proangiogenic factors were positively associated between them
(Table 3). In addition, mRNA expression of HIFIA (r=0.52;
P=0.026) and VEGFA (r=0.45; P=0.031) were significantly correlat-
ed with circulating concentrations of CRP.

3.3.2 Gene expression levels and activity of MMPs

In order to assess the potential involvement of MMPs in VAT in CC,
the gene expression levels and activity of MMP-2 and MMP-9 were
determined in adipose tissue homogenates. Gene expression levels of
MMP2 were up-regulated (P=.018) in CC patients compared to
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Table 2
Anthropometric and biochemical characteristics of the subjects included in the study
Control CcC
n 18 11
Age (years) 4443 66+3"
BMI (kg/m?) 2934+1.7 26.94+0.9
Fasting glucose (mg/dL) 99+4 10948
Fasting insulin (uU/mL) 12.0+£2.6 3.840.9"
HOMA 3.1+08 1.2+0.3*
QUICKI 0.3340.01 0.4140.02**
Leptin (ng/mL) 222455 10.8+5.1
Adiponectin (pg/mL) 8.0940.90 4.07+£0.62**
C-reactive protein (mg/L) 4.314:0.90 11.96+6.94
IL-6 (pg/mL) 1.57+0.10 3.634+1.24*
IL-8 (pg/mL) 1.2540.13 1.404+0.18
TNF-a (pg/mL) 2.0840.11 2.7040.24*
MCP-1 (pg/mL) 118.9+19.4 110.7+£17.8
HGF (pg/mL) 95.6+7.7 150.0-+26.7*
NGF (pg/mL) 4.52+0.70 3.90+1.11

Data are mean+ S.E.M. Differences between groups were analyzed by Student's ¢ tests.
*P<.05 and **P<.01 vs. controls.

control volunteers. A similar tendency was observed in MMP9 mRNA
expression, but the differences did not reach statistical significance
(Fig. 3). On the contrary, the activity of MMP-9 in adipose tissue was
significantly (P<.001) increased in CC patients compared to control
subjects, whereas no significant differences were detected for the
activity of MMP-2 (Fig. 3). Moreover, gene expression levels of
MMP-2 were significantly correlated (P<.001) with mRNA expression
levels of VEGFA and IGF1 with MMP9 gene expression levels being
also associated (P<.05) with VEGFA mRNA expression levels.

2.5~
2.0
1.5
1.0
055
0.0

mRNA LCN2/18S rRNA
Relative units

Control CC

3.0=
2.5=-
2.0-
1.5 =
1.0 5 T
0.5 =
0.0

Relative units

Control CccC
1.4 -

1.2 -

1.0 = T
0.8 -
0.6 5
0.4 =

0.2 5
0.0

Relative units

mRNA ADIPOQ/18S rIRNA mRNA OPN/18S rRNA

Control CC

4. Discussion

Adipose tissue releases a variety of adipokines involved in the
metabolic regulation and directly linked to obesity-associated
comorbidities, including several types of cancer. The present study
shows, for the first time, that the VAT of patients with CC exhibits
increased gene expression levels of the proinflammatory adipokines
LCN2, YKL40, OPN and TNF compared with patients without CC. In
addition, we also detected an up-regulation of the angiogenic factors
HIF1A, VEGFA and MMP2 as well as an increased activity of MMP-9 in
patients with CC in VAT. Furthermore, the circulating concentrations
of pro-inflammatory markers such as IL-6, TNF-ac and HGF were
increased in CC patients in contrast to the reduced concentrations of
the anti-inflammatory hormone adiponectin.

The increasing prevalence of obesity is related to both increased
energy intake and reduced energy expenditure. Disturbances in
energy homeostasis lead to metabolic alterations, which are related
to colorectal carcinogenesis [48]. Previous epidemiological studies
have consistently shown associations between adiposity and
increased risk of cancers of the colon, breast, endometrium, kidney
and gallbladder [3]. Moreover, an association between obesity and
cancer is consistent with data from animal models showing that
caloric restriction decreases spontaneous and carcinogen-induced
tumor incidence [49]. In this sense, it has been recently described that
severe caloric restriction in humans may confer protection against
invasive breast cancer [50]. Among the various pathophysiological
mechanisms postulated to explain the link between obesity and
cancer, the dysfunctional adipose tissue may be a unifying and
underlying factor [51].
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Fig. 1. Gene expression levels of LCN2, YKL40, OPN, TNF and ADIPOQ in VAT of controls and patients with CC. Bars represent the mean+S.E.M. of the ratio between gene expression to
18S rRNA. The expression level in control subjects was assumed to be 1. Differences between groups were assessed by two-tailed unpaired Student's t tests (control: n=18; CC:

n=11). *P<.05 and **P<.01 vs. control subjects.
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Table 3
Univariate analysis of the correlation between pro-inflammatory gene expression levels and angiogenic-related factors in visceral adipose tissue

LCN2 YKL40 OPN TNF HIF1A VEGFA IGF1

r P r P r P r P r P r P r P
LCN2 - - 043 .025 0.41 049 0.63 <001 0.61 .004 0.33 103 13 521
YKL40 0.43 025 - - 0.40 041 0.29 136 0.50 .015 0.49 .008 0.21 301
OPN 0.41 049 0.40 .041 - - 0.25 206 0.59 .006 0.38 .059 0.17 416
TNF 0.63 <.001 0.29 136 0.25 .206 - - 0.50 .015 0.32 .095 0.28 243
HIF1A 0.61 .004 0.50 .015 0.59 .006 0.50 .015 - - 0.44 042 0.65 <.001
VEGFA 0.33 .103 0.49 .008 0.38 .059 0.32 .095 0.44 042 - - 0.55 .003
IGF1 0.13 521 0.21 .301 0.17 416 0.28 243 0.65 <.001 0.55 .003 - -
MMP2 0.58 .006 0.50 .012 0.07 753 0.13 .559 0.32 149 0.73 <.001 0.68 <.001
MMP9 0.03 989 0.38 .049 0.27 .203 0.19 344 0.16 .554 0.39 .048 0.23 261

Bold values indicate statistically significant P values.

Inflammation is independently linked with VAT expansion [52]. In
this sense, a large body of evidence shows that visceral obesity is
associated with a higher risk of CC development with waist
circumference and waist-to-hip ratio (markers of intra-abdominal
fat) showing a higher association with the development of CC than
BMI [53-55]. We detected an increased mRNA expression of recently
identified adipokines in human VAT in patients with CC. In this
context, recent reports have described LCN2 as an adipokine closely
related to obesity and insulin resistance [47,56]. Gene expression
levels of LCN2 were significantly up-regulated in VAT of patients with
CC, which is in accordance with previous studies where LCN2 is
induced in epithelial cells in inflammatory and neoplastic colorectal
diseases [57], suggesting that LCN2 may play a role in regulating
cellular growth [58]. Moreover, it has been also described that the
overexpression of LCN2 in human breast cancer cells up-regulates
mesenchymal markers while down-regulating E-cadherin, thereby
increasing cell motility and invasiveness [24]. Two functions of LCN2
related to tumorigenesis, one involving the induction of apoptosis in
normal hematopoietic cells and the other consisting in tisular
invasion by neoplastic cells have been recently proposed [59]. LCN2
is reportedly induced by TNF-a, a well-known and relevant factor in
inflammatory processes [56]. In line with this functional relation, we
have established a significant positive association between LCN2
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mRNA and gene expression levels of TNF in VAT as well as with its
circulating concentrations. LCN2 mRNA levels were also positively
correlated with MCP-1 levels, a well-established marker of chronic
inflammation. However, other results suggest that LCN2 could be a
potential metastasis suppressor gene in CC cells [60] and, in this
regard, it has been suggested that LCN2 may act as a negative
regulator of the effect of inflammatory molecules [61].

YKL-40 is a growth factor with functions in inflammation, cancer
cell proliferation angiogenesis and remodelling of the extracellular
matrix [20]. Increased YKL40 gene expression levels in VAT of CC
patients were observed in the present study. It has been shown that
elevated postoperative serum YKL-40 levels in patients undergoing
curative resection of colorectal carcinoma was associated with a high
risk of tumour recurrence and poor survival [62,63]. Moreover, it has
been shown that YKL-40 acts synergistically with IGF-I in stimulating
the growth of fibroblasts and in a concentration range similar to that
of IGF-I. The inflammatory factor NF-«B is essential for the induction
of YKL-40 [64] and, in this sense, we found a significant positive
association with CRP and IL-6, which is in line with previous results in
animal models where YKL-40 is regulated by IL-6 in both wild-type
and IL-6 knockout mice [20].

Recent findings have shown that OPN expression correlates with
colon tumour progression [65] and that OPN plasma concentrations of
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Fig. 2. Gene expression levels of HIF1A, VEGF, IGF1 and IGFBP3 in VAT of controls and patients with CC. Bars represent the mean+ S.E.M. of the ratio between gene expression to 18S
rRNA. The expression level in control subjects was assumed to be 1. Differences between groups were assessed by two-tailed unpaired Student's ¢ tests (control: n=18; CC: n=11).

*P<.05 vs. control subjects.
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patients with metastatic disease are significantly higher compared to
those of control volunteers [66]. The link between OPN, HIF-1a and
the PI3-K/Akt signalling pathway has been recently described and
may provide a molecular explanation for the prosurvival activity of
OPN in the context of tumour progression [67]. Interestingly, we have
shown a positive association of all the pro-inflammatory genes
studied with HIF-1c. In this regard, we also detected an up-regulation
of the gene expression levels of HIF1A paralleling the increased VEGFA
levels in patients with CC. Hypoxia is common in the microenviron-
ment of solid tumours [68,69]. Several studies have associated HIF1A
expression with human cancer progression and with cell proliferation
[70]. It has been also suggested that hypoxia exerts an important
effect on adipocyte metabolism, underpinning the inflammatory
response in adipose tissue in obesity and the subsequent develop-
ment of obesity-associated diseases such as cancer [36]. The increased
mRNA expression levels of VEGFA detected in our study are in
agreement with previous results where elevated levels of vascular
growth factors were detected in overweight and obese subjects
suggesting their contribution to the increased risk of metastatic
disease in obese subjects with cancer [34,71]. Gene expression levels
of both HIFIA and VEGFA were positively associated with CRP,
indicating an association with inflammation.

MMPs, including MMP-9 and MMP-2, play a key role in cancer
progression as well as in adipose tissue remodelling [38]. Although
an up-regulation of VAT MMP2 from the CC group was shown in the
present study, no changes in MMP9 gene expression were detected.
On the contrary, higher MMP-9 activity was observed in CC patients
but no differences were evident in MMP-2 activity. A constant
increase in MMP2 mRNA expression during adipose differentiation

has been described, whereas MMP9 expression reportedly presents
a different profile [39]. This different behaviour may underlie the
inverse profile between activity and gene expression levels of both
MMPs observed in our study. Moreover, an interrelationship
between MMPs and LCN2, YKL-40 and OPN had been previously
reported [72-74].

Adiponectin is an anti-inflammatory protein produced exclusively
by adipose tissue [75]. Lower circulating concentrations and a
tendency towards decreased gene expression levels of adiponectin
in patients with CC compared to the control group were observed. In
line with these results, hypoadiponectinaemia has been significantly
correlated with a higher risk of colorectal cancer [76] and recently it
has been demonstrated that adiponectin inhibits colorectal cancer cell
growth via activation of AMPK [77].

These findings represent the first observation that VAT of patients
with CC overexpress the inflammatory adipokines LCN2, YKL-40 and
OPN. We also found higher VAT mRNA levels of TNF, HIF1A, VEGFA
and MMP2 as well as an increased activity of MMP-9 in patients with
CC. Moreover, a tendency towards increased IGF1 mRNA levels as well
as the opposite tendency for IGFBP3 was also observed. On the
contrary, circulating concentrations of adiponectin were lower in
patients with CC with its gene expression levels in VAT showing a
trend to be decreased. The supply of adipose tissue-derived
angiogenic factors as well as the production of inflammatory
cytokines by adipocytes or infiltrating macrophages that take place
in adipose tissue may promote a paracrine stimulation at the same
time as maintaining a microenvironment that is favourable for
tumorigenesis. Further studies in larger cohorts to better understand
the implication and pathways of these adipokines in tumour
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development are warranted in order to establish the specific
contribution of recently identified and emerging adipokines to the
CC development.
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