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Introduction

During the past decade a family of hormones, referred 
to as adipokines, has drawn the attention of the scientific 
community, with leptin being in the center of intense scientific 
research. Another hormone with tight functional connection 
with adipokines is ghrelin. Leptin and ghrelin participate in a 
broad spectrum of biological pathways, which in turn modulate 
metabolism as well as immunity. Due to their multiple roles, 
they have also been studied with respect to a variety of 
diseases of the gastrointestinal (GI) tract, including those of 
inflammatory or malignant nature. In this GI tract-focused 
repertoire, different types of colitis are also included: infectious, 
ischemic and drug-induced colitis as well as inflammatory 
bowel disease (IBD). 

Leptin

Leptin is a member of the type I cytokine superfamily 
and an adipokine, predominantly produced by adipocytes 
and to a lesser extent by the placenta, muscles, pituitary 
gland and gastric epithelium [1]. Leptin is considered a 
multi-task hormone [2-7] as well as an important regulator of 
inflammation [8,9] [Table 1]. Besides, in cases of a congenital 
leptin deficiency, a much higher incidence of infection-related 
deaths is observed during childhood [10]. 

Ghrelin

Notwithstanding the fact that the majority of its circulating 
levels originate from the stomach, ghrelin is also produced in the 
small and large intestine [11], pituitary gland, hypothalamus, 
lung, heart, pancreas, kidney, testis [12] and immune system 
cells [13]. As for its biological tasks, they seem to be antagonistic 
to that of leptin, even in the regulation of the immune system 
[Table 2] [9,11-14]. 

As briefly shown, the contribution of both hormones 
in the regulation of immunity is multifarious. Due to their 
functional and anatomical link with inflammation and the 
GI tract respectively, they have been studied with respect to 
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Abstract Leptin and ghrelin are hormones with a tight inverse functional connection. Their inverse 
association is observed not only in the modulation of metabolism but also in the interaction 
with the immune system. A large number of studies have been launched regarding their asso-
ciation with various disorders, including different types of colitis. The majority of the available 
literature, however, focuses on inflammatory bowel disease. The role of leptin and ghrelin ap-
pears to be aggravating in most of these studies. Concerning intestinal infections, their levels 
seem to depend on the presence of certain species of micro-biota. As for models of ischemic 
and miscellaneous colitis, both hormones seem to act protectively, although evidence deriving 
from human studies is needed before any safe conclusions can be made. Conclusively, it seems 
that available data, from in vitro, animal and human studies, suggest of a multifarious role for 
leptin and ghrelin, in the face of different triggers, which in turn cause diverse types of colitis. 
Bearing this in mind, gaps and loose ends are detected in the associated literature to encourage 
further research through which the association of leptin and ghrelin with intestinal inflam-
mation could be clarified and expanded so that other types of colitis could also be included.
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a variety of GI disorders, including those of an inflammatory 
nature, affecting the colon. In an effort to elucidate the 
implication of leptin and ghrelin in colitides, the associated 
literature has been thoroughly reviewed so that eligible 
studies offering similar results could be selected and classified 
together so as to allow critical comparison and evidence-
based conclusion.

Infectious colitis

Several studies have been performed so far, investigating the 
role of leptin and ghrelin in infectious colitis which, however, 
reported conflicting results, varying according to the type of 
pathogen involved i.e. bacterium, parasite etc. 

Bacterial colitis

Leptin-bacterial interactions

Initial reports were suggestive of a protective role against 
infections of the colon since leptin could induce mucin 
production through direct stimulation of colonic epithelial 
cells and activation of leptin’s receptors thus, providing 
a static external barrier against pathogens [15]. Further 
assessment of leptin in bacterial infections, however, showed 
that neither bacterial invasion (Salmonella typhimurium) [16] 
nor endotoxin (Salmonella abortus equi [17] or Escherichia 
coli [18] (endotoxin) release could influence circulating leptin 
levels. These data stand in sharp contrast with a study on the 
infection by Clostridium difficile, the main cause of diarrhea 
after prolonged administration of antibiotics. The injection of 
its toxin in wild type (WT) mice caused significant elevation 
in plasma leptin levels and in mucosal expression of its 
receptor, both suggestive of a direct pro-inflammatory effect 
of leptin on intestinal epithelial cells. Besides, in animals either 
genetically lacking leptin (ob/ob) or resistant to leptin’s effects 
(db/db), the response to toxins was substantially reduced, 
while it was normalized in ob/ob mice but not in db/db mice 
upon leptin administration. The participation of leptin in the 
pathophysiology of intestinal secretion and inflammation in 
response to the enterotoxin was also rendered [19]. 

Ghrelin-bacterial interactions

It is well-known that the diarrhea induced by bacterial 
intestinal infection is mediated by the interaction of the 
human immune system with bacterial lipopolysaccharides, 
also associated with a disturbance of GI motility. In mice 
treated with ghrelin, this endotoxinemia-induced dysmotility 
was improved mainly through down-regulation of the nitric 
oxide (NO) pathway in the GI tract [20], reduced production 
of the pro-inflammatory cytokines interleukin (IL) -1β and 

Table 1 Biological tasks of leptin

Immunological tasks 

↑ synthetic activity and chemotaxis of macrophages 

↑ synthetic activity and chemotaxis of monocytes 

↑ release of ROS by neutrophils

↑ proliferation, differentiation, activation and cytotoxicity of NK

↑ maturation and ↓ apoptosis of dendritic cells

↑ Th1 response

↑ secretion of IL-1, IL-6 and TNFα by T-cells

Non-immunological tasks

regulation of digestion and food intake 

regulation of metabolism 

angiogenesis 

bone metabolism 

regulation of TSH expression 

regulation of reproduction 

ROS, Reactive Oxygen Species; NK, Natural Killer cells; Th1, T helper 1; IL, 
Interleukin; TNFα, Tumor Necrosis Factor alpha; TSH, Thyroid-Stimulating 
Hormone

Table 2 Biological tasks of ghrelin

Immunological tasks 

↓ leptin-induced proinflammatory responses in macrophages

↓ leptin-induced proinflammatory responses in T cells

↓ TNFα secretion 

↓ IL-1β secretion 

↓ IL-6 secretion 

↓ IL-8 secretion 

↓ adhesion of PBMC 

↑ prostacyclin production by endothelial cells

Non-immunological tasks

stimulation of growth hormone secretion

inhibition of leptin expression in the stomach and gut 

stimulation of adipogenesis in WAT 

 regulation of food intake 

WAT, White Adipose Tissue; IL, Interleukin; TNFα, Tumor Necrosis Factor 
alpha; PBMC, Peripheral Blood Mononuclear Cells



22    E.K. Tiaka et al

Annals of Gastroenterology 24

Using experimental models of CD-similar colitis in mice 
-transfer of CD4(+) CD45RB(high) T-cells or administration 
of 2,4,6-trinitrobenzene sulfonic acid (TNBS)- it has been 
shown that leptin is capable of modulating immune response 
and chronic intestinal inflammation, being expressed on 
T-cells and adipose tissue [28-30]. These results have been 
replicated in ob/ob mice [31] as well as IBD patients [32]. As 
far as the potential mechanisms through which leptin exerts its 
proinflammatory role are concerned, studies in animals with 
TNBS-induced colitis provide evidence for the production 
of pro-inflammatory cytokines and chemokines, alterations 
in T-cell activation and apoptosis [33] and actions similar to 
those of cholecystokinin-B agonists and β3-antagonists [34]. 
Using the same TNBS-based experimental model of colitis, 
however, anti-inflammatory properties of leptin have also been 
detected [35]. As for spontaneous colitis in IL-10 deficient 
mice, no associations with leptin, could be identified other 
than a modulation of intestinal lymphocyte survival [36].

Apart from the animal models already described, others 
with a close proximity to UC have also been used, showing 
that leptin may be a mediator of inflammation. Reduced 
production of pro-inflammatory cytokines and chemokines, 
alterations in T-cell activation and apoptosis as well as a lack 
of activator of transcription 3 (STAT3) phosphorylation were 
identified as potential mechanisms responsible for reduced 
intestinal inflammation in ob/ob mice with dextran sulfate 
sodium (DSS)- induced colitis [33,37]. Interestingly, these 
parameters were inversed with white adipose tissue (WAT) 
transplantation [31]. The administration of oxazolone in 
mice, another experimental model of UC, revealed that leptin-
deficient mice were protected from developing colitis through 
decreased expression of transcription factors for T helper 
1 and 2 polarization, both in vitro and in vivo [38]. On the 
contrary, the administration of leptin in rats receiving acetic 
acid ameliorated colitis, through mechanisms dependent on 
tissue neutrophils, the release of glucocorticoids [39] and 
capsaicin-sensitive vagal afferent fibers [40]. 

The role of leptin in IBD:  
evidence from studies in humans

Studies in humans have revealed that leptin mRNA in 
the mWAT was significantly upregulated in IBD patients 
compared to controls while no significant difference was 
observed among CD and UC patients [32]. Its levels in colonic 
lavages from IBD patients were extremely elevated possibly 
due to an up-regulation by IFN-γ [1]. The results, however, 
originating from studies assessing serum leptin levels are 
controversial [41-44]. In a study by Karmiris et al, serum leptin 
levels were significantly decreased in UC patients compared to 
CD patients or controls and associated only with body mass 
index (BMI) [45]. Valentini et al, on the other hand, showed 
that circulating levels of leptin were similar in IBD patients 
as compared to controls and well correlated with fat mass, but 
not with inflammatory parameters or actual disease activity 
[46]. On the contrary, higher leptin levels recorded in patients 

tumor necrosis factor alpha (TNFα) as well as augmented 
release of the anti-inflammatory IL-10 [21]. 

Parasitic colitis 

Two basic animal models have been extensively used 
in order to “simulate” helminth and nematode infection in 
humans: Nippostrongylus brasiliensis infection in mice and rats, 
resembling Ancylostoma duodenale and Necator americanus 
infection, in humans [22] and Heligmosomoides bakeri in 
mice, simulating human nematode infection. 

According to Fox, Nippostrongylus brasiliensis can suppress 
appetite through a leptin-mediated decrease in the production 
of neuropeptide Y within hypothalamus [23]. Infection of 
Balb/c mice by another nematode, Heligmosomoides bakeri, 
was found to be less pronounced in mice fed with protein 
deficient diet compared to those fed with protein sufficient 
diet. This difference was accompanied by higher levels of 
leptin in the first group in association with reduced expulsion 
of the parasite [24]. These two studies are indicative of the 
crucial role that leptin plays in the parasitic infectious colitis.

Inflammatory Bowel Disease (IBD)

Among the diverse metabolic manifestations of IBD and 
especially Crohn’s disease (CD) are anorexia, malnutrition, 
altered body composition, and development of mesenteric 
white adipose tissue (mWAT) hypertrophy. Since all these 
phenomena are also associated with fluctuations in the 
production of adipokines and ghrelin [9,25,26], several studies 
have been performed, in vitro and in vivo. In those studies 
carried out in animals, experimental models of CD and 
ulcerative colitis (UC) have been applied. Human studies, 
on the other hand, included immunochemical analysis on 
tissue and blood specimens, from CD as well as UC patients.

The role of leptin in IBD:  
evidence from experimental studies

Leptin’s involvement in the pathogenesis of IBD seems 
to implicate enterocytes, T-cells and adipocytes. Markedly 
elevated leptin concentrations, possibly originating from 
the IBD-inflamed colonic epithelium, interact with leptin’s 
receptor, found in brush border, basolateral membrane and 
cytoplasm of enterocytes in human, rat, and mouse small 
intestine [27]. The outcome of this interaction is the activation 
of nuclear factor kappa B (NF-κB), the induction of epithelial 
wall damage, neutrophil infiltration and formation of crypt 
abscesses, a characteristic histological finding in intestinal 
inflammation, also accompanied by cellular proliferation, 
differentiation and apoptosis, through an increase in butyrate 
transport [1]. 
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with active UC in the study of Tuzun et al, were attributed to 
anorexia and subsequent weight loss [43]. 

In CD patients, due to the inflammation-mediated hypoxia 
affecting adipocytes, there is an increased production of leptin 
in the inflamed mWAT [47]. Leptin also stimulates C-reactive 
protein (CRP) production, which is predominantly elevated 
in CD compared to UC [48]. In UC, leptin, produced by the 
epithelial cells and intraepithelial and lamina propria T-cells, 
results in enhanced function of increased numbers of natural 
killer (NK) cells [49]. In addition, leptin levels were significantly 
higher in those with total involvement than in those with 
left-sided coltitis or proctitis, while this was not the case for 
either the leukocyte count or CRP levels [43]. Interestingly, 
leptin values were higher in UC patients experiencing disease 
relapse within 90 days than in those without, an association 
that was not observed in CD [46]. 

Patients suffering from IBD face various complications, 
such as osteoporosis, anorexia and delay in puberty. It is 
possible that an IBD-induced weight loss leading to a decrease 
in circulating leptin may be an important contributor for bone 
mass reduction through a leptin-NF-κB-bone resorption/
formation axis [50]. Besides, leptin concentration has been 
shown to modulate the loss in total and femoral neck bone 
mineral density values in physically active, healthy, older 
women [51]. As far as anorexia is concerned, leptin has 
been associated with prolonged anorexia in IBD patients 
[43,52], although there is lack of unanimity on the subject 
as the rate of weight loss in these patients represents a major 
confounding factor [42]. An association between leptin, 
anorexia and weight loss was also observed in animals 
with TNBS-induced, CD-like colitis [53,54], but not in 
IL-2 deficient mice with a UC-like colitis [55]. Finally, as 
shown by a recent study in mice with DSS-induced colitis, 
a UC-similar animal model, the delay in puberty observed 
in IBD is beyond what would be expected from decreases 
in leptin levels [56]. 

In IBD, increased levels of TNFα are present and this is why 
anti-TNFα agents have been successfully used for therapeutic 
purposes. Although TNFα is a crucial contributor to leptin’s 
dysregulation through the NF-κB pathway [57], the impact in 
its post-treatment levels remains obscure. Once a neutralizing 
monoclonal antibody against TNFα was administered to 
IL-2 deficient mice, an animal model that resembles UC, 
elevated serum leptin concentrations dropped to levels that 
were similar or greater to those recorded in control mice 
[58]. In humans, serum leptin was not affected by infliximab 
therapy [59]. In another study, treatment of CD patients with 
infliximab significantly increased leptinaemia [60]. As far as 
the use of immunosuppressant medicine in IBD treatment 
is concerned, methotrexate seems to reduce the production 
of leptin by mWAT in rats with TNBS-induced colitis [61]. 
Although the impact of corticosteroid treatment for IBD in 
leptin levels has not been assessed directly, it was found that 
corticotropin-releasing hormone deficiency is associated with 
elevated leptin serum levels in TNBS-induced colitis [62]. 
Finally, exclusive enteral feeding reduces inflammation and 
improves well being, nutrition and growth in children with 

active CD, but serum leptin as a marker of fat storage shows 
no sustainable change [63]. 

Ghrelin’s role in IBD: evidence from experimental studies

The mechanism through which ghrelin is involved in 
IBD is far from clear. Hypotheses regarding its implication in 
IBD have relied on its role as an antagonist of leptin’s effects 
on the immune system. In this direction several studies have 
combined in vitro experiments with observations on animal 
models. Some studies describe a pro-, while others an anti-
inflammatory effect. 

As far as CD-similar colitis is concerned, Zhao et al found 
that ghrelin and ghrelin receptor mRNA expression were 
up-regulated in TNBS-induced colitis in mice and that its 
participation in colonic inflammation may be through the 
activation of the NF-κB pathway and the induction of IL-8 
production, as shown in vitro [64]. Conversely, Gonzalez-
Rey et al reported that after the administration of ghrelin 
in TNBS colitis, the clinical and histopathologic severity of 
the disease was ameliorated. This therapeutic effect was also 
associated with a suppression of inflammatory response and 
a raise in IL-10 levels [65]. These data are in agreement with 
those reported by Konturek et al who found that exogenous 
ghrelin in TNBS-induced colitis accelerated healing of colonic 
lesions via increased release of NO and prostaglandin E2 
(PGE2) [66]. Furthermore, in rats with indomethacin-induced 
colitis, a decrease in central neurons, projecting to the enteric 
nervous system, was accompanied by an increase in ghrelin 
levels [67]. According to the authors this increase represented 
a compensatory mechanism since in vitro ghrelin could induce 
a marked proliferation of these neurons [67].

Regarding UC-similar colitis, De Smet et al reported that 
absence of ghrelin decreased the disease activity index and 
delayed neutrophil infiltration in chronic DSS-induced colitis 
in comparison with controls [68]. Besides, endogenous ghrelin 
enhanced the inflammatory process, while its exogenous 
administration aggravated DSS-induced colitis [69]. On the 
other hand, in Citrobacter rodentium-induced colitis a raise in 
ghrelin’s expression was reported in the peak and late stages 
of the infection accompanied by an induction of regulatory 
T-cell pathways in protection from the inflammation [70]. 

Ghrelin’s role in IBD: evidence from human studies

CD patients bear T-cells over-expressing ghrelin receptor 
mRNA, with a lower reactivity. Similarly, colonic mucosa in 
active CD has been found to express high levels of ghrelin 
receptor compared to controls. In addition, colonic mucosal 
and serum ghrelin mRNA levels seem to be higher in IBD 
patients compared to controls [71]. In three separate studies 
[72-74], circulating ghrelin was higher in patients with active 
IBD compared to patients in remission and healthy controls, 
while in the study of Karmiris et al no correlation with disease 
activity could be established [45]. Based on recent data, 
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however, the low obestatin/ghrelin ratio has been proposed as a 
more reliable candidate marker of disease activity, in IBD [72]. 
Interestingly, the levels of ghrelin are higher in male than female 
patients, higher in ileal compared to colonic CD and correlate 
positively with lower leptin levels in IBD patients compared to 
controls [45]. Furthermore, the upregulated ghrelin showed a 
negative association with IGF-1 and bioelectrical impedance 
analysis, body composition, and anthropometric assessments 
[73]. As for des-acylated ghrelin, its assessment in IBD might 
be more beneficial, compared to the acylated form [75]. 

Ischemic colitis

Ischemic colitis has much in resemblance with lesions 
that occur after gut ischemia-reperfusion (I/R) injury. In 
absence of human studies, the use of animal-models can lead 
to helpful guidance in research. 

Leptin in I/R injury

Leptin has a time-dependent response to intestinal I/R 
injury and it may participate as anti-inflammatory cytokine 
[76]. Its levels in serum and WAT, as well as its mRNA 
expression in WAT, vary according to different post-I/R 
injury time points. The release of leptin is decreased at an early 
stage during reperfusion, in contrast to other inflammatory 
cytokines [77], due to the destructive action of free radicals 
on circulating proteins. As reperfusion progresses, serum 
leptin levels increase and the WAT expresses more leptin 
mRNA, under the control of a possible feedback mechanism 
for compensation and protection. This mechanism is capable 
of causing a significant increase in WAT leptin levels, which 
is also suggestive of a slow but constant protective role for 
leptin against inflammatory damage in the whole process of 
intestinal I/R injury [78]. In addition, pre-treatment with 
leptin prevents gut mucosal damage and improves intestinal 
regeneration following intestinal I/R [79]. The underlying 
mechanism could be the modification of lipid peroxidation, 
since administration of leptin results in significantly 
decreased tissue malondialdehyde (MDA) levels, increased 
NO production and release in mesenteric vessels, all playing 
a significant role in the maintenance of mucosal integrity. 
Based on these observations, some authors suggested the use 
of leptin in mesenteric occlusive diseases, as it appears to act 
protectively against I/R injuries [80].

Ghrelin in I/R injury

Ghrelin levels were significantly reduced after I/R in rats, 
which had undergone artery occlusion, while its intravenous 
administration inhibited pro-inflammatory cytokine release, 
reduced neutrophil infiltration, ameliorated intestinal barrier 
dysfunction, attenuated organ injury, and improved overall 

survival after gut I/R. Its intra-cerebroventricular injection also 
exerted a similar protective effect. Besides, the administration 
of a ghrelin receptor antagonist worsened gut I/R-induced 
organ injury and mortality. Moreover, it was shown, by means 
of vagotomy, that these effects of ghrelin are mediated by 
activation of the cholinergic anti-inflammatory pathway [81]. 
As a result; ghrelin seems to exhibit a protective role against 
this animal model of ischemic colitis.

Drug-induced colitis

Several drugs have been incriminated for the induction 
of persistent colitis. An example that has been investigated 
in accordance with leptin is methotrexate-induced acute 
colitis in Sprague-Dawley rats. Luminal leptin could act as an 
intestinal chloride secretagogue, particularly when present at 
elevated concentrations in the setting of colonic inflammation. 
Responsible for this phenomenon are, at least in part, the 
activation of mitogen-activated protein kinase (MAPK) and 
the phosphorylation of extracellular signal regulated kinase 
(ERK) and Akt1. Apical leptin induces chloride secretion by 
intestinal epithelial cells resulting in secretory diarrhea after 
administration of chemotherapeutic agents [82].

Miscellaneous colitis

An animal model, combining ischemic and infectious 
phenomena, is that of cecal ligation and puncture (CLP). 
Small animals, mainly mice and rats, are operated and their 
cecum is ligated below the ileocecal valve and then punctured 
with selected gauge needle. This technique causes ischemia 
of the cecum and, finally, sepsis [83]. 

Leptin and CLP

In animals subjected to CLP, it was found that leptin-
deficient and leptin-resistant mice exhibited more intense 
inflammatory and thrombogenic responses in the gut 
microcirculation during sepsis compared to WT mice [84]. 
Besides, leptin decreased sepsis-induced intestinal injury by 
controlling the tissue levels of heart-type fatty acid-binding 
protein, a useful marker for organ dysfunction [85]. 

Ghrelin and CLP

In an animal study applying the CLP technique, it was 
shown that although ghrelin levels decreased during early and 
late stages of sepsis, its receptor was markedly elevated and, 
as a result, the vascular sensitivity to ghrelin stimulation was 
increased in the hyperdynamic phase of sepsis [86]. In the same 
hyperdynamic phase the administration of exogenous ghrelin 
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was found to improve organ blood flow by down-regulating 
endothelin-1, through a NF-κB-dependent pathway [87], 
and to ameliorate gut barrier dysfunction by a central ghrelin 
receptor-mediated vagus nerve activation [88,89]. A study 
combining CLP with radiation proposed a beneficial role for 
ghrelin, through rebalance of the deregulated sympathetic/
parasympathetic nervous systems [90]. 

Conclusions-directions for future studies

The major goal of the present review was the collection 
and classified presentation of available data on the role of 
leptin and ghrelin in different types of colitis. The motivation 
for this kind of research originated mainly from the fact 
that these hormones are tightly and functionally linked not 
only with each other but also with the immune system. In 
particular, leptin –the most studied adipokine- and ghrelin 
-its “partner in crime”- seem to play an important role in the 
inflammatory downstream and the angiogenetic cascade [91-
93]. Since both phenomena are exerted in colitides, several 

studies have emerged attempting to examine the role of both 
hormones in different types of colitis [Tables 3 and 4], using 
different approaches i.e. in vitro research, studies in animal or 
human populations. Due to the great diversity of the available 
studies, a mosaic of often conflicting evidence has emerged, 
thus raising confusion regarding the actual role of leptin and 
ghrelin in colitis. For this reason, in the present review attempt 
has been made so that common patterns, gaps and loose ends 
could be identified in the associated literature, in order to 
allow critical comparison and evidence-based conclusion.

In infectious colitis, available data are suggestive of interplay 
between leptin, ghrelin and microorganisms, although the 
results from related studies are controversial. As far as leptin 
is concerned, the controversy may be due to the diversity 
of pathogens and their ability to induce inflammation and 
immune responses of different extent and severity. As for 
ghrelin, although its role seems to be protective as it attenuates 
excessive inflammation caused by endotoxins from enteric 
pathogens, more studies are required to consolidate this single 
study-based observation.

In view of the IBD-associated leptin or ghrelin-focused 
studies, they represent the vast majority of the literature on 

Table 3 Studies investigating the association of leptin and ghrelin with different types of colitis either in experimental settings (in vitro/
animal) or in humans

Leptin Ghrelin

Type of colitis in vitro/ animal human in vitro/ animal human

Infectious colitis √ √ √ -

Pseudomembranous colitis † √ - - -

IBD √ √ √ √

Ischemic colitis √ - √ -

Drug-induced colitis √ - - -

Miscellaneous colitis √ - √ -

CMV-induced colitis - - - -

Diversion colitis - - - -

Eosinophilic colitis - - - -

GVHD-associated colitis - - - -

Laxative-induced colitis - - - -

Mastocytic colitis - - - -

Microscopic colitis - - - -

Plasmacytoma-associated colitis - - - -

Radiation colitis - - - -

Segmental colitis - - - -

√/-, available/non-available data; †, mentioned separately due to its distinct characteristics; IBD, Inflammatory Bowel Disease; CMV, Cytomegalovirus;  
GVHD, Graft-Versus-Host Disease 
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the two hormones and colitides. In an effort to specify the 
role played by leptin and ghrelin in the pathogenesis of IBD 
and IBD-associated manifestations such as weight loss and 
anorexia, different animal models have been used [Table 5]. 
The results from these experimental models although lacking 
unanimity may represent different IBD subpopulations [94], 
bearing different characteristics (i.e., different trigger pathogen, 
presence of genetic predisposition, different disease duration, 
natural history, different therapy). Similarly, data obtained 
from human studies are rather conflicting, with the majority, 
however, favoring an aggravating role for both hormones in 
IBD. At this point, it has to be underlined that more attention 
should be drawn into the impact of different agents used 
for therapeutic purposes in IBD, as available data are either 
conflicting (i.e. anti-TNFα therapy) or scarce, as in the case 
of corticosteroids.

To simulate ischemic colitis in humans, the experimental 
model of intestinal I/R injury has been applied in animals. 
Interestingly the use of this animal model has revealed a 
protective as well as therapeutic potential of both leptin 

and ghrelin, as the initial damage of intestinal mucosa, 
corresponding to low leptin and ghrelin levels, is fully 
reversed after administration of either hormone. Based on 
this observation, it would perhaps be helpful to assess the 
levels of leptin and ghrelin in patients with ischemic colitis 
or those undergoing surgery during which, intestinal blood 
flow is temporarily blocked.

Another experimental model combining the onset of both 
ischemic and inflammatory phenomena in the colon, is CLP. 
The variations of leptin and ghrelin as well as the effect of these 
variations upon other substances are once more indicative 
of a protective effect during CLP, thus offering additional 
evidence regarding the tasks performed by these hormones 
during each individual disorder –inflammatory, ischemic.

In all, it seems that the available literature on leptin, ghrelin 
and colitides, is supportive of the notion that both hormones 
are key components of the biological pathways, triggered 
during the onset of such disorders. Interestingly, the actual 
biological effect of leptin and ghrelin varies depending on the 
type of colitis and this is why research should be expanded so 
as to also include types of colitis that have not been previously 
investigated [Table 3]. Ongoing research should also clarify 
the underlying mechanisms through which leptin and ghrelin 
exert their effects and at the same time look for potential 
implications for the diagnosis and therapy of colitis.

References

	 1.	Sitaraman S, Liu X, Charrier L, et al. Colonic leptin: source of 
a novel pro-inflammatory cytokine involved in inflammatory 
bowel disease. FASEB J 2004;18:696-698.

	 2.	Cammisotto PG, Bendayan M. Leptin secretion by white adipose 
tissue and gastric mucosa. Histol Histopathol 2007;22:199-210.

	 3.	Wozniak S, Gee L, Wachtel M, Frezza E. Adipose tissue: The new 
endocrine organ? A review article. Dig Dis Sci 2009;54:1847-1856.

	 4.	  Talavera-Adame D, Xiong Y, Zhao T, Arias AE, Sierra-Honigmann 
MR, Farkas DL. Quantitative and morphometric evaluation of 
the angiogenic effects of leptin. J Biom Opt 2008;13:064017.

	 5.	Khosla S. Leptin-central or peripheral to the regulation of bone 
metabolism? Endocrinology 2002;143:4161–4164.

	 6.	Reinehr T. Obesity and thyroid function. Mol Cell Endocrinol 
2010;316:165-171.

	 7.	Strobel A, Issad T, Camoin L, Ozata M, Strosberg AD. A leptin 
missense mutation associated with hypogonadism and morbid 
obesity. Nat Genet 1998;18:213–215.

	 8.	Lago F, Dieguez C, Gómez-Reino J, Gualillo O. The emerging 
role of adipokines as mediators of inflammation and immune 
responses. Cytokine Growth Factor Rev 2007;18:313-325.

	 9.	Karmiris K, Koutroubakis I, Kouroumalis E. Leptin, adiponectin, 
resistin, and ghrelin –Implications for inflammatory bowel 
disease. Mol Nutr Food Res 2008;52:855–866.

	10.	Ozata M, Ozdemir IC, Licinio J. Human leptin deficiency caused 
by a missense mutation: Multiple endocrine defects, decreased 
sympathetic tone, and immune system dysfunction indicate new 
targets for leptin action, greater central than peripheral resistance 
to the effects of leptin, and spontaneous correction of leptin-
mediated defects. J Clin Endocrinol Metab 1999;84:3686–3695.

	11.	Hosoda H, Kojima M, Kangawa K. Biological, physiological 
and pharmacological aspects of ghrelin. J Pharmacol Sci 

Table 5 The role of leptin and ghrelin in different models of IBD colitis

IBD Colitis Leptin Ghrelin

DSS A A

TNBS P/A P/A

transfer of CD4+CD45RB A NAD

Oxazolone A NAD

acetic acid P NAD

Indomethacin NAD A

IL-10-deficiency NS NAD

IL-2-deficiency A NAD

Citrobacter rodentium NAD P

Human IBD A A

IBD, Inflammatory Bowel Disease; TNBS, 2,4,6-Trinitrobenzene Sulfonic acid;
 DSS, Dextran Sulfate Sodium; IL, Interleukin; P, Protective Role; 
A, Aggravating Role; NS, Non Significant Role; NAD, Non-Available Data 

Table 4 The “tasks” of leptin and ghrelin with respect to the cause 
of colitis

Cause of colitis Leptin Ghrelin

Ischemia P P

Infection D P

Auto-immunity A A

Immunosupression A NAD

P, Protective; NAD, Non-Available Data D, Diverse; A, Aggravating 



Adiponectin, ghrelin and colitis  27

Annals of Gastroenterology 24

2006;100:398–4106.
	12.	  De Vriese C, Delporte C. Influence of ghrelin on food intake 

and energy homeostasis. Curr Opin Clin Nutr Metab Care 
2007;10:615–619.

	13.	Dixit VD, Schaffer EM, Pyle RS, et al. Ghrelin inhibits leptin- 
and activation-induced proinflammatory cytokine expression 
by human monocytes and T cells. J Clin Invest 2004;114:57–66. 

	14.	Dixit VD, Taub DD. Ghrelin and immunity: A young player in 
an old field. Exp Gerontol 2005;40:900–910. 

	15.	El Homsi M, Ducroc R, Claustre J, et al. Leptin modulates the 
expression of secreted and membrane-associated mucins in colonic 
epithelial cells by targeting PKC, PI3K, and MAPK pathways. 
Am J Physiol Gastrointest Livel Physiol 2007;293:G365-G373.

	16.	 Jenkins NL, Turner JL, Dritz SS, Durham SK, Minton JE. Changes 
in circulating insulin-like growth factor-I, insulin-like growth 
factor binding proteins, and leptin in weaned pigs infected 
with Salmonella enterica serovar Typhimurium. Domest Anim 
Endocrinol 2004;26:49-60.

	17.	Pollmächer T. Salmonella abortus equi endotoxin does not affect 
leptin plasma levels in healthy humans. J Infect Dis 1999;179:1047–
1048.

	18.	Bornstein SR, Preas HL, Chrousos GP, Suffredini AF. Circulating 
leptin levels during acute experimental endotoxemia and 
antiinflammatory therapy in humans. J Infect Dis 1998;178:887–890.

	19.	Mykoniatis A, Anton PM, Wlk M, et al. Leptin mediates Clostridium 
difficile toxin A-induced enteritis in mice. Gastroenterology 
2003;124:683-691.

	20.	Chen YT, Tsai SH, Sheu SY, Tsai LH. Ghrelin improves 
lipopolysaccharide-induced gastrointestinal motility disturbances: 
roles of nitric oxide and prostaglandin E2. Shock 2010;33:205-212.

	21.	Waseem T, Duxbury M, Ito H, Ashley SW, Robinson MK. 
Exogenous ghrelin modulates release of pro-inflammatory and 
anti-inflammatory cytokines in LPS-stimulated macrophages 
through distinct signaling pathways. Surgery 2008;143:334-342.

	22.	Farid AS, Nakahara K, Murakami N, Hayashi T, Horii Y. Decreased 
Serum Paraoxonase-1 Activity during Intestinal Nematode 
(Nippostrongylus brasiliensis) Infection in Rats. Am J Trop Med 
Hyg 2008;78:770–776.

	23.	Fox MT. Parasitic gastritis: responsibility for pathological change. 
Vet J 2000;10:167-168.

	24.	Tu T, Koski KG, Scott ME. Mechanisms underlying reduced 
expulsion of a murine nematode infection during protein 
deficiency. Parasitology 2008;135:81-93.

	25.	Fantuzzi G. Adiponectin and inflammation: Consensus and 
controversy. J Allergy Clin Immunol 2008;121:326-330.

	26.	Schäffler A, Schölmerich J. The role of adiponectin in inflammatory 
gastrointestinal diseases. Gut 2009;58:317-322.

	27.	Barrenetxe J, Villaro AC, Guembe L, et al. Distribution of the long 
leptin receptor isoform in brush border, basolateral membrane, 
and cytoplasm of enterocytes. Gut 2002;50:797–802.

	28.	Siegmund B, Sennello JA, Jones-Carson J, et al. Leptin receptor 
expression on T lymphocytes modulates chronic intestinal 
inflammation in mice. Gut 2004;53:965-972.

	29.	Fantuzzi G, Sennello JA, Batra A, et al. Defining the role of T 
cell-derived leptin in the modulation of hepatic or intestinal 
inflammation in mice. Clin Exp Immunol 2005;142:31-38.

	30.	Gambero A, Maróstica M, Abdalla Saad MJ, Pedrazzoli J Jr. 
Mesenteric adipose tissue alterations resulting from experimental 
reactivated colitis. Inflamm Bowel Dis 2007;13:1357-1364.

	31.	Senello JA, Fayad R, Pini M, Gove ME, Fantuzzi G. Transplantation 
of wild-type white adipose tissue normalizes metabolic, immune 
and inflammatory alterations in leptin deficient ob/ob mice. 
Cytokine 2006;36:261–266.

	32.	Barbier M, Vidal H, Desreumaux P, et al. Overexpression of 
leptin mRNA in mesenteric adipose tissue in inflammatory 
bowel diseases. Gastroenterol Clin Biol 2003;27:987–991.

	33.	Siegmund B, Lehr HA, Fantuzzi G. Leptin: a pivotal mediator of 
intestinal inflammation in mice. Gastroenterology 2002;122:2011-
2025. 

	34.	Barbier M, Attoub S, Joubert M, et al. Proinflammatory role of 
leptin in experimental colitis in rats benefit of cholecystokinin-B 
antagonist and beta3-agonist. Life Sci 2001;69:567-580.

	35.	Hyland NP, Chambers AP, Keenan CM, Pittman QJ, Sharkey 
KA. Differential adipokine response in genetically-predisposed 
lean and obese rats during inflammation; a role in modulating 
experimental colitis? Am J Physiol Gastrointest Liver Physiol 
2009;297:G869-G877.

	36.	Siegmund B, Sennello JA, Lehr HA, et al. Development of 
intestinal inflammation in double IL-10- and leptin-deficient 
mice. J Leukoc Biol 2004;76:782-786.

	37.	Gove ME, Rhodes DH, Pini M, et al. Role of leptin receptor-
induced STAT3 signaling in modulation of intestinal and hepatic 
inflammation in mice. J Leukoc Biol 2009;85:491-496.

	38.	Batra A, Okur B, Glauben R, et al. Leptin: a critical regulator 
of CD4+ T-cell polarization in vitro and in vivo. Endocrinology 
2010;151:56-62.

	39.	Cakir B, Bozkurt A, Ercan F, Yeğen BC. The anti-inflammatory 
effect of leptin on experimental colitis: involvement of endogenous 
glucocorticoids. Peptides 2004;25:95-104.

	40.	Bozkurt A, Cakir B, Ercan F, Yeğen BC. Anti-inflammatory effects 
of leptin and cholecystokinin on acetic acid-induced colitis in 
rats: role of capsaicin-sensitive vagal afferent fibers. Regul Pept 
2003;116:109-118.

	41.	Hoppin AG, Kaplan LM, Zurakowski D, Leichtner AM, Bousvaros 
A. Serum leptin in children and young adults with inflammatory 
bowel disease. J Pediatr Gastroenterol Nutr 1998;26:500–505.

	42.	Ballinger A, Kelly P, Hallyburton E, Besser R, Farthing M. 
Plasma leptin in chronic inflammatory bowel disease and HIV: 
Implications for the pathogenesis of anorexia and weight loss. 
Clin Sci 1998;94:479–483.

	43.	Tuzun A, Uygun A, Yesilova Z, et al. Leptin levels in the acute 
stage of ulcerative colitis. J Gastroenterol Hepatol 2004;19:429–432.

	44.	Nishi Y, Isomoto H, Ueno H, et al. Plasma leptin and ghrelin 
concentrations in patients with Crohn’s disease. World J 
Gastrenterol 2005;11:7314–7317.

	45.	Karmiris K, Koutroubakis I, Xidakis C, Polychronaki M, Voudouri 
T, Kouroumalis E. Circulating levels of leptin, adiponectin, resistin, 
and ghrelin in inflammatory bowel disease. Inflamm Bowel Dis 
2006;12:100–105.

	46.	Valentini L, Wirth EK, Schweizer U, et al. Circulating adipokines 
and the protective effects of hyperinsulinemia in inflammatory 
bowel disease. Nutrition 2009;25:172-181.

	47.	Wang B, Wood SI, Trayhurn P. Dysregulation of the expression 
and secretion of inflammation-related adipokines by hypoxia in 
human adipocytes. Pflugers Arch 2007;455:479–492.

	48.	Chen K, Li F, Li J, et al. Induction of leptin resistance through 
direct interaction of C-reactive protein with leptin. Nat Med 
2006;12:425–432.

	49.	Fuss IJ, Heller F, Boirivant M, et al. Nonclassical CD1d-restricted 
NK T cells that produce IL-13 characterize an atypical TH2 
response in ulcerative colitis. J Clin Invest 2004;113:1490–1497.

	50.	Bernstein C, Leslie W. The pathophysiology of bone disease in 
gastrointestinal disease. Eur J Gastroenterol Hepatol 2003;15:857–
864.

	51.	 Jürimäe J, Kums T, Jürimäe T. Adipocytokine and ghrelin levels in 
relation to bone mineral density in physically active older women: 
longitudinal associations. Eur J Endocrinol 2009;160:381-385. 

	52.	Ballinger A. Divergency of leptin response in intestinal 
inflammation. Gut 1999;44:588–589.

	53.	Barbier M, Cherbut C, Aube AC, Blottiere HM, Galmiche 
JP. Elevated plasma leptin concentrations in early stages of 
experimental intestinal inflammation in rats. Gut 1998;43:783–790.



28    E.K. Tiaka et al

Annals of Gastroenterology 24

	54.	Depoortere I, Thijs T, Keith J Jr, Peeters TL. Treatment with 
interleukin-11 affects plasma leptin levels in inflamed and non-
inflamed rabbits. Regul Pept 2004;122:149-156.

	55.	Gaetke LM, Oz HS, de Villiers WJ, Varilek GW, Frederich RC. 
The leptin defense against wasting is abolished in the IL-2-
deficient mouse model of inflammatory bowel disease. J Nutr 
2002;132:893-689.

	56.	DeBoer MD, Li Y, Cohn S. Colitis causes delay in puberty in female 
mice out of proportion to changes in leptin and corticosterone. 
J Gastroenterol 2010;45:277-284.

	57.	Maury E, Noël L, Detry R, Brichard SM. In vitro hyperresponsiveness 
to tumor necrosis factor-alpha contributes to adipokine 
dysregulation in omental adipocytes of obese subjects. J Clin 
Endocrinol Metab 2009;94:1393-1400.

	58.	Gaetke L, Oz H, Frederich R, McClain C. Anti-TNF-a Antibody 
Normalizes Serum Leptin in IL-2 Deficient Mice. J Am Coll Nutr 
2003;22:415–420. 

	59.	Karmiris K, Koutroubakis IE, Xidakis C, Polychronaki M, 
Kouroumalis EA. The effect of infliximab on circulating levels 
of leptin, adiponectin and resistin in patients with inflammatory 
bowel disease. Eur J Gastroenterol Hepatol 2007;19:789-794.

	60.	Franchimont D, Roland S, Gustot T, et al. Impact of infliximab 
on serum leptin levels in patients with Crohn’s disease. J Clin 
Endocrinol Metab 2005;90:3510–3516.

	61.	Thomaz MA, Acedo SC, de Oliveira CC, et al. Methotrexate is 
effective in reactivated colitis and reduces inflammatory alterations 
in mesenteric adipose tissue during intestinal inflammation. 
Pharmacol Res 2009;60:341-346.

	62.	Gay J, Kokkotou E, O’Brien M, Pothoulakis C, Karalis KP. 
Corticotropin-releasing hormone deficiency is associated with 
reduced local inflammation in a mouse model of experimental 
colitis. Endocrinology 2008;149:3403-3409.

	63.	Ando Y, Inaba M, Sakaguchi Y, et al. Subcutaneous adipose 
tissue-derived stem cells facilitate colonic mucosal recovery from 
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis in 
rats. Inflamm Bowel Dis 2008;14:826-838.

	64.	Zhao D, Zhan Y, Zeng H, et al. Ghrelin stimulates interleukin-8 
gene expression through protein kinase C-mediated NF-kappaB 
pathway in human colonic epithelial cells. J Cell Biochem 
2006;97:1317–1327.

	65.	Gonzalez-Rey E, Chorny A, Delgado M. Therapeutic action 
of ghrelin in a mouse model of colitis. Gastroenterology 
2006;130:1707–1720.

	66.	Konturek PC, Brzozowski T, Engel M, et al. Ghrelin ameliorates 
colonic inflammation. Role of nitric oxide and sensory nerves. 
J Physiol Pharmacol 2009;60:41-47.

	67.	Ammori J, Zhang WZ, Li JY, Chai BX, Mulholland M. Effects of 
ghrelin on neuronal survival in cells derived from dorsal motor 
nucleus of the vagus. Surgery 2008;144:159-167.

	68.	De Smet B, Thijs T, Moechars D, et al. The role of endogenous 
ghrelin in acute and chronic DSS-induced colitis in mice. 
Gastroenterology 2006;130:A229.

	69.	De Smet B, Thijs T, Moechars D, et al. Endogenous and exogenous 
ghrelin enhance the colonic and gastric manifestations of dextran 
sodium sulphate-induced colitis in mice. Neurogastroenterol Motil 
2009;21:59–70.

	70.	Symonds EL, Riedel CU, O’Mahony D, Lapthorne S, O’Mahony 
L, Shanahan F. Involvement of T helper type 17 and regulatory T 
cell activity in Citrobacter rodentium invasion and inflammatory 
damage. Clin Experiment Immunol 2009;157:148-154.

	71.	Hosomi S, Oshitani N, Kamata N, et al. Phenotypical and 
functional study of ghrelin and its receptor in the pathogenesis 
of Crohn’s disease. Inflamm Bowel Dis 2008;14:1205-1213.

	72.	Alexandridis E, Zisimopoulos A, Liratzopoulos N, Katsos I, 
Manolas K, Kouklakis G. Obestatin/ghrelin ratio: A new activity 
index in inflammatory bowel diseases. Inflamm Bowel Dis 

2009;15:1557-1561.
	73.	Ates Y, Degertekin B, ErdilA, Yaman H, Dagalp K. Serum ghrelin 

levels in inflammatory bowel disease with relation to disease 
activity and nutritional status. Dig Dis Sci 2008;53:2215-2221.

	74.	Peracchi M, Bardella MT, Caprioli F, et al. Circulating ghrelin levels 
in patients with inflammatory bowel disease. Gut 2006;55:432–433. 

	75.	Aydin S, Erman F, Kilic N, Sahpaz F. Des-acylated ghrelin, rather 
than acylated ghrelin, might be more valuable in inflammatory 
bowel diseases. Dig Dis Sci 2008;53:2583.

	76.	Lin J, Yan GT, Hao XH, Wang LH, Zhang K, Xue H. Effect of 
intestinal ischemia-reperfusion injury on protein levels of leptin 
and orexin-A in peripheral blood and central secretory tissues. 
World J Gastroenterol 2005;11:1000-1004.

	77.	Shi Y, Yan GT, Lin J. Intestinal ischemia-reperfusion injury made 
leptin decreased. Regulat Pept 2006;133:27-31. 

	78.	Lin J, Yan GT, Wang LH, Hao XH, Zhang K, Xue H. Leptin 
fluctuates in intestinal ischemia-reperfusion injury as 
inflammatory cytokine. Peptides 2004;25:2187-2193.

	79.	Sukhotnik I, Helou H, Lurie M, et al. The effect of leptin on 
intestinal recovery following ischemia-reperfusion injury in a 
rat. Pediatr Surg Int 2007;23:473-478.

	80.	Hacioglu A, Algin C, Pasaoglu O, Pasaoglu E, Kanbak G. Protective 
effect of leptin against ischemia-reperfusion injury in the rat 
small intestine. BMC Gastroenterol 2005;21:37.

	81.	Wu R, Dong W, Ji Y, Zhou M, et al. Orexigenic hormone ghrelin 
attenuates local and remote organ injury after intestinal ischemia-
reperfusion. PLoS ONE 2008;3:e2026.

	82.	Hoda MR, Scharl M, Keely SJ, McCole DF, Barrett KE. Apical 
leptin induces chloride secretion by intestinal epithelial cells 
and in a rat model of acute chemotherapy-induced colitis. Am 
J Physiol Gastrointest Liver Physiol 2010;298:G714-G721.

	83.	Hubbard W, Choudhry M, Schwacha MG, et al. Cecal ligation 
and puncture. Shock 2005;24:suppl 1,52-57.

	84.	Singer G, Stokes KY, Terao S, Granger DN. Sepsis-induced 
intestinal microvascular and inflammatory responses in obese 
mice. Shock 2009;31:275-279.

	85.	Yan GT, Lin J, Hao XH, Xue H, Zhang K, Wang LH. Heart-type 
fatty acid-binding protein is a useful marker for organ dysfunction 
and leptin alleviates sepsis-induced organ injuries by restraining 
its tissue levels. Eur J Pharmacol 2009;616:244-250. 

	86.	Wu R, Zhou M, Cui X, Simms HH, Wang P. Upregulation of 
cardiovascular ghrelin receptor occurs in the hyperdynamic phase 
of sepsis. Am J Physiol Heart Circ Physiol 2004;287:H1296-302.

	87.	Wu R, Dong W, Zhou M, Cui X, Hank Simms H, Wang P. Ghrelin 
improves tissue perfusion in severe sepsis via downregulation of 
endothelin-1. Cardiovasc Res 2005;68:318-326.

	88.	Wu R, Dong W, Qiang X, et al. Orexigenic hormone ghrelin 
ameliorates gut barrier dysfunction in sepsis in rats. Crit Care 
Med 2009;37:2421-2426.

	89.	Fink MP. Sepsis, ghrelin, the cholinergic anti-inflammatory 
pathway, gut mucosal hyperpermeability, and high-mobility 
group box 1. Crit Care Med 2009;37:2483-2485.

	90.	Shah KG, Wu R, Jacob A, et al. Human ghrelin ameliorates organ 
injury and improves survival after radiation injury combined 
with severe sepsis. Mol Med 2009;15:407-414.

	91.	Trayhurn P, Wood IS. Signalling role of adipose tissue: adipokines 
and inflammation in obesity. Biochem Soc Trans 2005;33:Pt5,1078-
1081.

	92.	Rajala MW, Scherer PE. Minireview: The adipocyte-at the 
crossroads of energy homeostasis, inflammation, and 
atherosclerosis. Endocrinology 2003;144:3765-3773.

	93.	Hellström PM. Faces of ghrelin-research for the 21st century. 
Neurogastroenterol Motil 2009;21:2-5.

	94.	Abdo R, Jurjus AR, Khourya NN, Reimund JM. Animal models of 
inflammatory bowel disease. J Pharmacol Toxicol Meth 2004;50:81-
92.

xxxxxxxxxxxxxxxxxxxxxx




