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INTRODUCTION 

Crohn’s disease is a chronic inflammatory bowel
disease, of uncertain etiology, characterized by
transmural inflammation, with a predilection for

the terminal ileum. In his original description of the
disease, Burril Crohn described the characteristic
mesenteric fat change (1). Although widely recog-
nized, particularly by surgeons, the relevance of this
fat hypertrophy and wrapping, referred to as “creeping
fat,” is unknown, and has received little research atten-
tion. Accumulation of mesenteric fat, with fat wrap-
ping, appears to be specific for Crohn’s disease, and
occurs from the onset of disease (2). Fat wrapping has
been defined as fat hypertrophy extending from the
mesenteric attachment with >50% coverage of the
intestinal surface (3). Fat wrapping occurs in both the
small and large bowel, and correlates with transmural
inflammation, ulceration, stricture formation,
increased mesenteric wall thickness, and decreased
internal bowel diameter (3). Fat wrapping and mural
thickening is associated with mucosal ulceration in
86% of patients (4). In combination with serositis, it is
associated with mucosal ulcers and cobblestones in
96% of patients and with strictures in 46% (4). Fat
wrapping was noted in 100% of patients undergoing

resection, and correlated with the degree of acute and
chronic inflammation (5).

The association of fat hypertrophy with Crohn’s
disease raises the question of whether the fat wrapping
is a consequence of transmural inflammation, proba-
bly caused by cytokine release from lymphoid tissue
(3,4), or whether the fat is in some way responsible for
the inflammatory changes. Cytokines such as trans-
forming growth factor beta-1 (TGF-β1) and TNF-α
stimulate proliferation and activation of mesenchymal
tissues. Peroxisome proliferators-activated receptor γ
(PPAR-γ) is expressed by the intestine and adipose tis-
sue, and can modulate the activity of the inflammatory
cytokines (6). It is a major regulator of adipocyte dif-
ferentiation, and may therefore play a significant role
in the development of mesenteric fat hypertrophy in
Crohn’s disease.

ADIPOCYTES AND INFLAMMATION
The previously held notion that adipose tissue is
merely an inert energy storage depot, releasing fatty
acids only during times of hardship, such as fasting or
starvation has been recently challenged. It has become
clear that adipocytes are considerably more complex
than previously considered, with the production of a
multitude of hormones, proteins, peptides, compli-
ment factors, cytokines, enzymes and receptors in
response to specific extracellular stimuli, or changes
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in metabolic status (7,8). The term
adipocytokines has been intro-
duced, and adipose tissue is 
correctly considered a major
endocrine organ. Several of these
adipocytokines, including adipo-
nectin, leptin, resistin, interleukin
6 (IL-6), tumor necrosis factor
(TNF-α), are directly involved 
in the inflammatory response, 
and have both metabolic as well 
as immune-regulatory functions.
Obesity has reached epidemic pro-
portions in the USA. The obese
state has been associated with a
low-grade systemic inflammatory
state, with increased C-reactive
protein (CRP), IL-6 and TNF-α, as
well as with the metabolic syn-
drome (9). Studies have indicated
that adipose tissue is infiltrated by
macrophages, and that the pro-
inflammatory cytokines are pro-
duced mainly by these macrophages (10,11). In
another study, however, TNF-α secretion was noted to
be predominantly from the mesenteric adipocytes (2).
TNF-α increases the secretion of monocyte chemoat-
tractant protein-1 (MCP-1) and macrophage inflam-
matory protein-1 alpha (MIP-1α) from adipocytes,
which function as chemoattractants for macrophage
precursors. The secretion of macrophage colony-stim-
ulating factor (M-CSF) by adipose tissue may then
lead to expansion and differentiation of the
macrophage pool (12). It is therefore apparent that adi-
pose tissue links energy metabolism with immune
function and host defence (Figure 1) (13,14).

ADIPOCYTES AND THE METABOLIC SYNDROME
It has been long recognized that obesity is associated
with insulin resistance, and that accumulation of intra-
abdominal visceral fat may contribute to the develop-
ment of hyperlipidemia, diabetes mellitus and hyper-
tension, in what is termed the metabolic syndrome
(15). A number of inflammatory cytokines, secreted by
adipose tissue, such as TNF-α, IL-1, IL-6 and MCP-1

have been associated with insulin resistance.
Adiponectin, also secreted by adipocytes, is, on the
other hand associated with insulin sensitivity.
Although secreted by adipocytes, adiponectin levels
are in fact lower in obese subjects than in lean subjects
(16). Plasma levels of adiponectin have been demon-
strated to be lower in patients with type 2 diabetes,
hypertension and coronary heart disease (17). Insulin
resistance and the metabolic syndrome have been asso-
ciated with obesity, and the production of adipocy-
tokines may explain this relation (18).

VISCERAL ADIPOSE TISSUE
Visceral adipose tissue (VAT) has several characteristics,
that may directly relate to intestinal disease (19). VAT is
metabolically active, with a high free fatty acid (FFA)
efflux into the portal vein (20). Visceral obesity leads to
increased delivery of FFA’s to the liver via the portal vein
resulting in steatosis, dyslipidemia and hepatic insulin
resistance. VAT secretes a specific pattern of adipocy-
tokines. Plasminogen activator inhibitor-1, (PAI-1), IL-6,

(continued on page 46)

Figure 1. Regulation of metabolism and inflammation by the adipose tissue.



PRACTICAL GASTROENTEROLOGY • JUNE 200646

INFLAMMATORY BOWEL DISEASE: A PRACTICAL APPROACH, SERIES #21

The Emerging Role of Mesenteric Fat

vascular endothelial growth factor (VEGF) and resistin
secretion is higher than in subcutaneous fat, and
adiponectin expression is lower (19). 

MESENTERIC ADIPOSE TISSUE 
AND CROHN’S DISEASE
Mesenteric fat hypertrophy is associated with Crohn’s
disease, and obese patients with Crohn’s disease have
an increased incidence of perianal disease with
abscesses and fistulae (21). Although the fat wrapping
may be a consequence of the intestinal inflammation,
possible as a consequence of increased mesenteric
PPAR-γ expression, the production of pro-inflamma-
tory cytokines by the mesenteric adipose tissue, and
infiltrating macrophages is likely to enhance the
inflammatory process (22). Leptin levels have been
shown to be significantly higher in mesenteric adipose
tissue from patients with either Crohn’ disease or
ulcerative colitis, than in patients with non-inflamma-
tory disease (23). Leptin can induce intestinal inflam-

mation, and may there-
fore contribute to the
inflammatory process
and increase TNF-α
expression (23,24) TNF-
α produced by both the
mesenteric adipose tis-
sue, as well as infiltrat-
ing macrophages. TNF-
α is a potent pro-inflam-
matory agent and is
likely to contribute sig-
nificantly to the patho-
genesis of Crohn’s dis-
ease (22). Adiponectin,
on the other hand, has a
structure similar to TNF-
α, and antagonizes the
effects of TNF-α by
reducing secretion and
attenuating the biologi-
cal actions by competing
for the receptor (25).
Adiponectin has also
been shown to downreg-
ulate intercellular adhe-

sion molecule-1 (ICAM-1), endothelial adhesion mol-
ecule-1 (ECAM-1) and E-selectin, thus inhibiting the
migration of inflammatory cells to mesenteric tissue
(26). This adipokine has emerged as a potent anti-
inflammatory adipokine (Figure 2) in other conditions
characterized by chronic inflammation such as NASH
and atherosclerosis (27,28). Adiponectin is capable of
modulating key molecules involved in pathogenesis of
inflammation and repair processes (Figure 2). The
very same molecules—TNFα, IL12 (inflammatory
cytokines), IL10 (anti-inflammatory cytokine), and tis-
sue growth factors are therapeutic targets in inflamma-
tory bowel diseases (Figure 2). Therefore, this hor-
mone is likely to play a significant role in the patho-
genesis of IBD. Although mesenteric PPAR-γ expres-
sion may have a significant role in the development of
mesenteric fat hypertrophy in Crohn’s disease (22) it
also has major anti-inflammatory effects by reducing
TNF-α, and leptin expression, and increasing

(continued from page 44)
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Figure 2. Anti-inflammatory role of adiponectin. 
AdipoR-adiponectin receptors; BCL2: anti-apoptotic protein; HB-EGF, PDGF, FGF: growth factors that induce
hyperplasia of smooth muscle; NASH: non-alcoholic steatophepatitis; NF-kB: nuclear factor implicated in
regulation of cytokines; PPARγ: peroxisome proliferative activated receptor, gamma; TZD: thiazolidones, 
agonists of PPAR (e.g., Pioglitazone); TIMP1: regulator of enzymes involved in tissue remodeling.
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adiponectin expression in adipocytes (29). A recent
study by Yamamoto demonstrated that the release of
adiponectin from the hypertrophied mesenteric adi-
pose tissue in patients with Crohn’s disease was sig-
nificantly elevated, when compared to patients with
ulcerative colitis or colon cancer, and that the secretion
of adiponectin was specifically related to inflamed and
hypertrophied adipose tissue and not to the normal adi-
pose tissue in these individuals (21). An interesting
observation in this study was that adiponectin concen-
trations were significantly lower in Crohn’s disease
patients with internal fistulae, than in those without
internal fistulae (21). 

Mesenteric fat hypertrophy may therefore be con-
sidered as both a consequence, as well as a cause of
inflammation in Crohn’s disease. Inflammation with the
secretion of cytokines, particularly of PPAR-γ inducing
hyperplasia of the mesenteric fat indicates a secondary
role, whereas the presence of mesenteric fat hypertro-
phy at the onset of disease, the relationship of the fat to
areas of inflammation, and the release of pro-inflamma-
tory cytokines, including TNF-α, and leptin, with the
protective effects of adiponectin suggest a more active
role of adipose tissue in Crohn’s disease (22). ■
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