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Introduction

Summary

Crohn’s disease (CD) is characterized by inflammation and an aetiology that
is still unknown. Hypertrophy of mesenteric fat is a reflection of disease
activity, as this fat covers the entire length of the affected area. Adipocytes
synthesize leptin and adiponectin, adipocytokines responsible for pro- and
anti-inflammatory effects. Therefore, we evaluated serum levels of adiponec-
tin and leptin, as well as mesenteral expression of adiponectin in active CD
and those in remission. Sixteen patients with ileocaecal CD followed at the
Outpatient Clinic, Coloproctology Unit of University of Campinas Clinical
Hospital, participated in the study. Analysis of serum adiponectin and leptin
by enzyme-linked immunosorbent assay was performed in patients with
active CD (ACD group), remission CD (RCD group) and in six healthy con-
trols. Ten patients with active ileocaecal CD (FCD group) and eight patients
with non-inflammatory disease selected for surgery were also studied. The
specimens were snap-frozen and the expression of adiponectin was deter-
mined by immunoblot of protein extracts. Serum C-reactive protein levels
were higher in the ACD group when compared to the others and no differ-
ence of body mass index was observed between the groups. Serum adiponec-
tin was lower in the ACD group when compared to control, but no
differences were seen when comparing the ACD and RCD groups. Mesenteric
adiponectin expression was lower in the FCD group when compared to the
FC group. Serum leptin was similar in all groups. The lower levels of serum
and mesenteric adiponectin in active CD suggest a defective regulation of
anti-inflammatory pathways in CD pathogenesis.

Keywords: Crohn’s disease, cytokines, inflammatory bowel disease, lipid
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such as type 2 diabetes mellitus and coronary artery disease,
the hypertrophied mesenteric fat tissue in CD is independ-

Crohn’s disease (CD) is an inflammatory disease that can
affect any portion of the gastrointestinal tract, most
commonly affecting the ileum and colon and often resulting
in abdominal pain, diarrhoea, malnutrition and bleeding
[1]. Hypertrophy of mesenteric adipose tissue close to the
affected area is a common feature in chronic CD with
transmural inflammation, and extends from the mesentery,
partially covering the circumference with a wrapping of
intestinal fat, and may involve the small and large bowels
[2].

Although the accumulation of intra-abdominal fat is
involved directly in the development of metabolic disorders,

ent of body mass index (BMI) or the presence of metabolic
disorders [3]. The release of adiponectin is significantly
higher in CD compared with ulcerative colitis (UC). The
increase of this adipocytokine may be related specifically
to inflammation and the presence of hypertrophied
mesenteric fat tissue [4]. Hypertrophy of mesenteric fat
tissue could be understood as a barrier to the inflammatory
process or a second factor that maintains the inflammatory
process, resulting in the transmural aspect of CD [2,5,6].
Although there is a phenotypic variation between
CD patients, some common macroscopic aspects can be
observed, especially regarding the thickening of mesenteric
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fat near the affected area [6,7]. Histological analyses of these
studies reveal abnormalities in fat, including infiltration of
macrophages and T cells, perivascular inflammation and
fibrosis. In addition, there are increased numbers of adi-
pocytes, which have been reported to be smaller and four
times higher in number in CD than in controls [7].

Like macrophages and epithelial cells, adipocytes from
normal individuals are able to synthesize several proinflam-
matory and anti-inflammatory cytokines, called adipocy-
tokines, and can express Toll-like receptor (TLR)-4 for the
recognition of bacterial antigens [8—11].

Adiponectin is a protein produced by adipose tissue
which contains special characteristics, such as increased
insulin sensitivity, the prevention of atherosclerosis and
fibrosis. Unlike other hormones from adipose tissue, serum
levels decrease with increasing adiposity and are correlated
inversely with obesity, insulin resistance and metabolic syn-
drome. In addition, adiponectin has anti-inflammatory
effects and inhibits the activity and production of tumour
necrosis factor (TNF)-o and interleukin (IL)-6 [2,12—14].

Adipose tissue can also produce and release leptin, which
can be found in other organs such as the stomach, pituitary
gland and placenta [14-16]. The main function of this
hormone is to provide the homeostasis of body weight,
resulting in increased energy expenditure and reduced food
intake mediated by the hypothalamus [12,14]. Studies have
suggested that leptin is responsible for regulating the
immune system by stimulating T cell production [17,18].
Indeed, leptin may be reduced in malnourished patients,
resulting in increased susceptibility to infection [19]. Leptin
has been shown to increase the secretion of TNF-o, IL-6
and proinflammatory cytokines involved in the pathogen-
esis of CD, as well as activate nuclear factor kappa B (NF-
kB), the main transcription factor of TNF-0,, in intestinal
tissue of CD patients [20,21]. However, leptin levels have
been correlated with protection against colitis induced by
dextran sulphate sodium (DSS) and trinitrobenzene sul-
phonic acid (TNBS) in experimental models of intestinal
inflammation [22]. This contradiction between the role of
leptin in inflammatory murine colitis and CD in humans
requires further investigation.

Thus, this study aimed to evaluate serum levels of adi-
ponectin and leptin in patients with CD, with and without
disease activity, as assessed by clinical and laboratory tests,
in order to establish the role of adipocytokines in the CD
pathogenesis.

Material and methods

Blood samples were taken of 16 patients with ileocaecal CD
followed at the Inflammatory Bowel Disease Outpatient
Clinic, Coloproctology Unit of University of Campinas
Clinical Hospital, eight with CD in activity (ACD group)
and eight with CD in remission (RCD group). The control
group consisted of six healthy individuals. Patients with CD
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in locations other than ileocaecal were excluded. Disease
activity was scored by colonoscopy examinations, small
bowel follow-through, histological aspects and activity
index of CD (IADC) [23], with 250 cut-off. Plasma
C-reactive protein (CRP) was assessed from all patients and
controls to characterize disease activity and BMI of each
individual was also measured.

For protein analysis and histopathological study, mucosal
biopsies were taken from 10 patients with ileocaecal CD
who had undergone surgical resection (FCD group). The
presence of disease activity was assessed by colonoscopy 1
day before surgery and all patients had Crohn’s disease
activity index (CDAI) more than 250 points. Patients with
CD in locations other than ileocaecal were excluded. The
control groups were composed of eight patients who under-
went rectosigmoidectomy for non-inflammatory disease
(left megacolon due to Chagas’s disease), with normal distal
ileum (ileum mesenteric fat tissue control group: FC
group).

The study was performed in accordance with the Decla-
ration of Helsinki and was approved by the Ethical Com-
mittee of the University of Campinas. All blood samples
and mesenteric samples were taken after informed consent
from the patients. The study was carried out at the Univer-
sity of Campinas, Coloproctology Unit, and at the Cell Sig-
naling Laboratory of the Department of Internal Medicine.

Enzyme-linked immunosorbent assay (ELISA)

Blood samples were centrifuged for 10 min and blood
plasma was stored at —80°C until use. The measurements of
adiponectin, leptin and CRP were performed using ELISA
with a commercial kit, purchased from Phoenix (Burlin-
game, CA, USA) and Abcam (Cambridge, MA, USA),
respectively, based on the manufacturer’s protocol.

Immunoblotting — gel electrophoresis

Biopsies from mesenteric fat tissue near the affected intesti-
nal area were snap-frozen in liquid nitrogen and stored at
—80°C until use. For total protein extract preparation, the
fragments were homogenized in solubilization buffer at 4°C
[1% Triton X-100, 100 mM Tris-HCl (pH 7-4), 100 mM
sodium pyrophosphate, 100 mM sodium fluoride, 10 mM
ethylenediamine tetraacetic acid (EDTA), 10 mM sodium
orthovanadate, 2-0 mM phenylmethylsulphonyl fluoride
(PMSF) and 0-1 mg aprotinin/ml] with a Polytron PTA 20S
generator (model PT 10/35; Brinkmann Instruments,
Westbury, NY, USA) operated at maximum speed for 30 s.
Insoluble material was removed by centrifugation (20 min
at 9000 g at 4°C). The protein concentrations of the super-
natants were determined by the Bradford dye binding
method [24]. Aliquots of the resulting supernatants
containing 50 Ug total proteins were separated by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis
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(SDS-PAGE), transferred to nitrocellulose membranes and
blotted with anti-adiponectin antibody [25,26].

Reagents for SDS-PAGE and immunoblotting were from
Bio-Rad Laboratories (Richmond, CA, USA). PMSEF, apro-
tinin, Triton X-100, Tween 20 and glycerol were from Sigma
(St Louis, MO, USA). Nitrocellulose paper (BA85, 0-2 um)
was from Amersham (Aylesbury, UK). The anti-adiponectin
(ACRP30, sc-17044, goat polyclonal) antibody was from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
The protein molecular weight was assessed using the
PageRuler™ from Fermentas (Glenburnie, MD, USA).
The signal was detected by chemiluminescent reaction
(SuperSignal®West Pico Chemiluminescent Substrate from
Pierce Biotechnology, Inc., Rockford, IL, USA).

All numerical results are expressed as the mean =
standard error of the mean (s.e.m.) of the indicated number
of experiments. The results of blots are presented as direct
comparisons of bands in autoradiographs and quantified by
densitometry using the Gel-Pro Analyzer 6-0 software
(Exon-Intron Inc., Farrell, MD, USA).

Statistical analysis

Comparison of the serum adiponectin, leptin, CRP and
BMI between ACD, RCD and control groups was performed
using analysis of variance (ANova) and the Tukey—Kramer
test. Comparison of CDAI between the ACD and RCD
groups was analysed using the t-test. The results were
reported as means with standard deviations of the indicated
number of experiments. The level of significance was set at
P <0-05.

Data from imunoblotting were analysed by t-test. The
level of significance was set at P < 0-05.

Results

The groups of samples which were submitted to ELISA did
not differ regarding gender, and the mean age was 33-6
(range 16—49) years for patients with active CD, 37-3 (range
24-53) years to those with CD in remission and 31-3 (range
25-48) years for the control group (P> 0-05). The mean
disease duration was 84-8 (range 8-192) months for
patients with active CD and 112-5 (range 24-204) months
for those with CD in remission (P> 0-05). The IADC
average was 383-8 (range 283-7-500-8) in patients with
active CD, whereas patients with CD in remission had a
mean JIADC of 82 (range 21-4-141-4) (P < 0-0001).

The CRP (mg/dl) level average was 2:18 (range 0-04—
6-32) in patients with active CD, whereas patients with CD
in remission had a mean of 0-31 (range 0-05-0-71) and con-
trols had a mean of 0-05 (range 0-02-0-12) (P < 0-0001;
Fig. 1).

The BMI average was 19-27 (range, 13-1-23-5) in patients
with active CD, whereas patients with CD in remission had
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Fig. 1. Serum C-reactive protein (mg/dl). Active CD (ACD) group —
CD in activity, remission CD (RCD) group — CD in remission, control
group. For ACD and RCD groups, n = 8; for control group, n =6.

*P < 0-05 versus control, #P < 0-05 versus CD in remission.

a mean of 21-26 (range 20-2-22-8) and controls had a mean
of 22:36 (range 18-8-26-3) (P > 0-05; Fig. 2).

Plasma adiponectin levels were lower in the ACD group
(active CD) [6828-5 (range 5938:3-8000-9)] when com-
pared to the control group [7911+4 (range 6735-0-8637-3)]
(P<0-01), but not the CD in remission group (RCD)
[7246-8 (range 6667-7-7782-5)] (P >0-05). The levels of
adiponectin were similar between the RCD [7246-8 (range
6667-7-7782-5)] and control groups [7911-4 (range 6735-0—
8637-3)] (P> 0-05; Fig. 3).

Serum leptin levels were similar in the ACD [26-3 (range
21-4-34-3)], RCD [30-9 (range 26:9-34-7)] and control
groups [28:9 (range 25-9-37-3)] (P> 0:05). Figure 4 shows
these results.

Body mass index (BMI)
mean and standard error

BMI (weight/height?)

Control RCD ATCD

Fig. 2. Body mass index (BMI). Active CD (ACD) group — CD in
activity, remission CD (RCD) group — CD in remission, control group.
For ACD and RCD groups, n = 8; for control group, n = 6. *P < 0-05
versus control, #P < 0-05 versus CD in remission.
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Fig. 3. Serum adiponectin (ng/ml). Active CD (ACD) group — CD in
activity, remission CD (RCD) group — CD in remission, control group.
For ACD and RCD groups, n = 8; for control group, n=6. *P < 0-05
versus control, #P < 0-05 versus CD in remission.

The groups in which the samples had undergone protein
extraction and imunoblot had the following characteristics:
patients with ileocaecal CD [median age 34-9 (range 14—60)
years; male 50%; female 50%] and those with normal distal
ileum [median age 55-6 (range 39-70) years; male 62-5%;
female 37-5%].

Considering the mesenteric fat tissue analysis, protein
expression of adiponectin was lower in the FCD group
when compared to the control group (P < 0-05; Fig. 5).

The haematoxylin and eosin stains of mesenteric fat
tissue in controls and CD are shown in Fig. 6. Adipocytes of
the FCD group were smaller than the controls and immune
cell infiltration is seen more prolifically in CD patients.
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Fig. 4. Serum leptin (pg/ml). Active CD (ACD) group — CD in
activity, remission CD (RCD) group — CD in remission, control group.
For ACD and RCD groups, # = 8; for control group, n = 6. *P < 0-05
versus control, #P < 0-05 versus CD in remission.
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Fig. 5. Representative Western blot analyses and determination of
adiponectin protein expression in fat tissue of the control (FC) and
Crohn’s disease (FCD) groups. For illustration purpose each band
represents one patient. For FCD group, n = 10; for FC group, n =38,
*P < 0-05 versus control.

Discussion

Adipose tissue is considered an endocrine organ that may
release adipocytokines such as leptin and adiponectin,
in addition to participating in energy metabolism and
immune processes [27]. Hypertrophy of mesenteric fat
tissue is usually shown as a marker of active CD [6,28-30],
and a high ratio of areas of visceral to subcutaneous fat is a
signal of aggressive disease [31]. An experimental trial
noted that hypertrophied mesenteric adipose tissue showed
a reduction of triglycerides and adipocytokines (adiponec-
tin and leptin) in mice with TNBS-induced colitis [28].

CRP levels in mesenteric adipose tissue have been shown
to demonstrate increased concentrations in patients with
CD, compared with UC and control individuals, showing a
correlation with the serum CRP concentration and density
of the mesenteric adipose tissue in CD [32,33].

The serum levels of adiponectin in IBD and in healthy
controls are controversial in the literature. According to
Valentini et al., serum adiponectin is reduced in CD and UC
compared to controls [34,35]. However, Karmiris et al.
showed similar levels of adiponectin in the three groups
(CD, UC and control) [36]. The present study showed a
lower level of adiponectin in CD compared to controls, but

© 2012 British Society for Immunology, Clinical and Experimental Inmunology, 170: 358-364 361



V. S. Rodrigues et al.

Crohn’s disease

Control

Fig. 6. Histopathology of mesenteric fat tissue
sections from Crohn’s disease (FCD) and fat
tissue of the control (FC) groups (x400).

only in active CD and not in CD in remission, suggesting
that a defective anti-inflammatory balance may occur in
CD.

A negative energy balance, common in active CD
patients, could lead to high levels of adiponectin, either
locally or systemically. However, the reduction of serum
adiponectin is also associated with chronic inflammatory
conditions and its release into the bloodstream from
adipose tissue depends upon, among other factors, the
correct conformation of protein in the endoplasmic reticu-
lum [37]. Low expression of adiponectin in the mesenteric
fat tissue of CD patients may show a deficiency in the anti-
inflammatory mechanism in intestinal mesenteric fat near
the affected intestinal area during the late stages of this
chronic disease, and this helps to perpetuate a state of
chronic inflammation. Considering this aspect during
the late stages of CD, apoptosis of adipocytes could be
observed, leading to adipocyte hypertrophy, a positive
energy balance and a consequent decrease in adiponectin
expression near the affected small bowel area, maintaining
chronic inflammation [38]. Indeed, the lower grades of
mesenteric adiponectin could reflect lower levels of serum
adiponectin.

Paul et al. studied adipose tissue specimens of 10 CD
patients; these authors showed that adiponectin levels were
up-regulated in CD compared with the other groups, as
measured by ELISA [39]. However, BMI was different
among the groups, which could lead to a different release of
adiponectin to the bloodstream. Indeed, the control groups
used were patients who had undergone surgery with diver-
ticulitis or cancer, which may have involved inflammatory
pathways. According to Yamamoto ef al. [2], adiponectin
expression in mesenteric fat of humans is increased in CD
and is correlated with the inflammation intensity. However,
similarly to the described previous study, controls were
patients with colon cancer or ulcerative colitis. Our study
compared groups with similar BMI (P = 0-05), and the
control group was composed of individuals without inflam-
matory disease. These aspects could lead to contrasting
results.

The role of adiponectin in adipose tissue hypertrophy in
CD is not well established, and most of the studies were

carried out in animal models [4]. An experimental study
with adiponectin ‘knock-out’ animals showed protection
against chemically induced colitis [40]; in contrast, other
studies have shown that increased expression of adiponectin
leads to reduced expression of proinflammatory cytokines
such as TNF-o and IL-1B [41].

Adiponectin blood levels of patients with CD in remis-
sion did not differ from controls in the present study,
showing a balance of this adipocytokine in the non-
inflammatory stage. Moreover, adiponectin can reduce
secretion of TNF-o. from monocytes/macrophages and
attenuate the biological effects caused by TNF-a., helping in
disease remission [42].

Mesenteric fat tissue can have an important role in the
maintenance of CD, as the altered balance between proin-
flammatory and anti-inflammatory factors in adipocytes
could lead to activation of the innate immune system cells,
such as dendritic cells, and also the adaptive immune
system. It has been estimated that the percentage of macro-
phages in adipose tissue ranges from 10 to 50%, suggesting
a high cellular plasticity of adipose tissue [43,44]. The
observation that adipocytes can function as macrophage-
like cells by expressing and secreting molecules related to
inflammation and innate immunity brings mesenteric
adipose tissue within the focus of mesenteric diseases [28].
Macrophages may be more numerous than adipocytes in
the late stages of CD, which can lead to decreased secretion
of adiponectin by adipocytes. These results were verified in
experimental colitis by Olivier ef al. [28], suggesting that
creeping fat occurs only in severe colonic inflammation and
shows an inflammatory and fibrous, but not an adipose,
pattern. These authors verified few adipocytes and low
expression of adipocytokines in mouse TNBS-induced
colitis.

In the present study, no difference was observed in serum
adiponectin levels between the ACD and RCD groups. This
could be explained because patients without clinical activity
and endoscopic disease may also have fat mesenteric
inflammation that is not detected by blood tests performed
in this study, but could be assessed by abdominal magnetic
resonance imaging (MRI). We used two different groups of
patients to analyse serum and tissue protein, which could be
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a limitation of the study; however, this was performed
because is impossible to obtain mesenteric tissue samples of
patients with disease remission.

With regard to leptin, the results of this study showed no
difference in serum levels between the groups, showing that
this adipocytokine may not be involved in the pathogenesis
of CD. The study by Valentini et al. [34], which compared
CD, UC and control individuals, also identified similar
serum concentrations of leptin between CD patients and
controls, whereas the findings in UC showed an increase in
serum leptin levels in the case of active disease.

Thus, adiponectin levels in mesenteric fat tissue close to
the area affected by CD, and the integrity of the release
mechanisms of the adiponectin into the bloodstream,
having been shown to be relevant, play an important role
in the inflammatory process. The presence of mesenteric
hypertrophy at the onset of the disease, the release of
active molecules from local adipocytes and the association
between connective tissue changes and transmural inflam-
mation support the role of adipose tissue in the pathogen-
esis of CD. Mesenteric adipose tissue may be an important
factor in the balance of local inflammation in these
patients. Further studies are needed to elucidate its role in
CD development.
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