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Inflammatory colon diseases, which are a global health concern, include a variety of gastrointestinal tract disorders,

such as inflammatory bowel disease and colon cancer. The pathogenesis of these colon disorders involves

immune alterations with the pronounced infiltration of innate and adaptive immune cells into the intestines and the

augmented expression of mucosal pro-inflammatory cytokines stimulated by commensal microbiota.

Epidemiological studies during the past half century have shown that the proportion of obese people in a

population is associated with the incidence and pathogenesis of gastrointestinal tract disorders. The advancement

of understanding of the immunological basis of colon disease has shown that adipocyte-derived biologically active

substances (adipokines) modulate the role of innate and adaptive immune cells in the progress of intestinal

inflammation. 
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1. The Pathophysiology of Inflammatory Colon Disease

Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn’s disease (CD), is a global

health concern because of the burdens of medical costs attributable to their acute and chronic complications and

the poor quality of life of patients . IBD has a complex etiology and pathophysiologic factors, including genetic

variants, an inappropriate inflammatory response to the gut microbiome, dysregulation of immune-modulated

intestinal inflammation, and environmental factors . Although the pathogenesis of IBD is complicated and the

clinical presentations of UC and CD are distinct, there are common phenotypes, such as the deregulation of

colonic immune response and chronic inflammation, implicated in the pathogenesis of both subtypes .

Therefore, much of the research on IBD pathogenesis and therapeutic investigation has focused on the immune

system and its maintenance of homeostasis processes.

During perturbation of the integrity of the intestinal epithelial barrier and the gut lumen defects, microbial

translocation occurs, which promotes activation of the innate immune cells such as macrophages and dendritic

cells in the lamina propria. Antigen-presenting cells then activate naïve T cells and promote their development into

different types of effector CD4  cells, which alter gut homeostasis. The development of pathogenic T cells is linked

with the environmental factors correlated with IBD pathology, such as tissue metabolism and the production of pro-

inflammatory cytokines. Moreover, the development of chronic colon inflammation occurs when uncontrolled

infiltration of inflammatory CD4  T cells into the lamina propria of patients with IBD because of their dysfunctional

barrier and defeat in immune tolerance for intestinal antigens . Current studies reveal that T helper (Th) cells

are major modulators of intestinal colitogenesis . Th cells responding to T-cell receptor-mediated activation by a
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range of pathogens and the stimulation of cytokines can differentiate into several Th cell lineages, which result in

distinct effector subsets, including T Th1, Th2, Th17, and regulatory T cells (Treg), which play important roles in the

immune response . Genome-wide association studies have demonstrated that single-nucleotide polymorphisms

in genes encoding transcription factors modulate cytokine-mediated regulation of the immune responses correlated

with the pathogenesis of IBD . The immunological pathogenesis of IBD involves an altered immune response

with the pronounced infiltration of adaptive immune cells into the lamina propria of the intestines, and the

augmented expression of mucosal pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-α, interferon

(IFN)-γ, and the IL-12/IL-23 pathways .

2. The Effect of Obesity on the Development of IBD

The incidence of IBD is augmenting in North America, Europe, and Asia, and is speeding in newly industrialized

countries ; the prevalence of overweight and obesity is also growing in parallel to the IBD pandemic . The

incidence of IBD and obesity have increased markedly in countries in which the lifestyle changes have included

diets rich in animal fat and low in dietary fiber and insufficient physical activity . Obesity significantly

involves an expansion of the entire volume of fat tissue accompanied by distinct alterations in the balance of the

cellular and humoral immunity . The expression of pro-inflammatory cytokines and the infiltration of adipose

tissue by immune cells such as Tregs and macrophages are augmented in obese compared with lean individuals

. Moreover, obesity is correlated with a chronic inflammatory state, illustrated by the signaling pathway activation

of inflammation, enhanced synthesis of C-reactive protein and pro-inflammatory cytokines, and activation of the

pro-inflammatory transcription factors in adipocytes compared with that in healthy controls . These changes in

adipose tissue and their metabolic and systemic consequences have contributed to the model of obesity as an

inflammatory state . This chronic inflammation eventually leads to intestinal inflammatory diseases. Visceral

adiposity is particularly correlated with the development of insulin resistance and associates with metabolic

syndrome . Observational studies have reported that around 20%–30% of children with IBD are overweight,

while prior IBD-related surgery was correlated with obesity in these pediatric patients with CD . The same

phenomenon was observed in adult patients with IBD in Tayside Scotland: only a small number of patients with IBD

were underweight, whereas 18% of the population with CD were obese and 52% were overweight, demonstrating

that the incidence of IBD significantly increased in obese patients . Furthermore, previous studies reported that

the development of obesity is critically associated with alterations of in the gut microbiota, which, in turn, impact

mucosal immunity and intestinal inflammation .

The pro-inflammatory state of visceral obesity is associated with several gastrointestinal diseases, such as IBD and

fatty liver disease, and a crucial correlation noted between IBD and obesity concerns non-alcoholic fatty liver

disease (NAFLD) . It has been reported that the prevalence of NAFLD is augmented among IBD patients as

compared to non-IBD controls, and this phenomenon occurs commonly at a young age . Moreover, the

diagnosis of NAFLD by transient elastography with controlled attenuation parameters is a common comorbidity for

IBD patients and is correlated with extrahepatic diseases . These results suggest that the perpetuation of
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inflammation promotes risks for co-morbid conditions shared between IBD and NAFLD, and these developments

could link the epidemiology of these diseases.

3. The Interaction of Adipose Tissue and the Intestinal
Immune System

Adipose tissue, which was initially considered to be merely an energy store, is now recognized as an endocrine

organ that not only stores energy but also secretes or produces various biologically active substances called

adipokines  and interacts closely with the immune system . Thus, adipose tissue is now regarded as an

endocrine organ with several functions . Adipose tissue can be separated into subcutaneous and visceral

adipose tissue (VAT), the relative amounts of which vary greatly between individuals, and the total body weight

ranges from 5% to 60% . Adipose tissue is composed of multiple cell types, of which adipocytes are the most

prominent, followed by vascular endothelial cells, macrophages , and lymphocytes , which are found in

the stromovascular fraction. It has been reported that pediatric patients with CD were observed with higher VAT

volumes than healthy controls and the odds of CD-related hospitalization was correlated with the increase in VAT

volume , suggesting that obesity is a critical risk factor related to the development of CD in pediatric patients;

VAT could be a better predictor of disease progression than obesity determined by body mass index (BMI) and is a

possible marker of the progress of pro-inflammation or metabolic activity . Studies in patients with CD by

performing visceral adiposity as the obesity quantity have more consistently shown an augmented risk of

complications with CD than those using BMI as the obesity marker . Computed tomography for mesenteric

fat index (MFI) have suggested that the ratio of the area of VAT to that of subcutaneous fat is a marker for the CD

progression: VAT area and MFI values were correlated with the postoperative recurrence of CD and the ratio of

VAT to subcutaneous adipose tissue was associated more strongly than BMI with the increase in disease activity of

CD and its structural behavior .

Adipocytes comprise white and brown cells, presumably including diverse intermediate forms. Because white fat

cells are the critical part in adipose tissues from adults , this review focuses on these. Mature white

adipocytes consist of a large fat droplet surrounded by a margin of remaining cytoplasm and the nucleus.

Adipocytes are characterized by their cellular plasticity, store the body’s energy supplies, and actively secrete

various adipokines . Macrophages and T cells are the two most common immune cells present in adipose

tissue. Altered infiltration of immune cells and the dysregulated production of pro-inflammatory cytokines have been

documented in obesity . For example, adipose tissue-resident T cells increase approximately threefold

in the high-fat diet (HFD) mouse model of obesity . The adipokines comprise a group of mediators secreted by

adipose tissue, including adiponectin, leptin, apelin, and resistin. Recent evidence indicates that adipokines can

modulate immune functions in addition to their regulation of metabolic homeostasis within adipose tissue .

For example, previous studies have demonstrated that adiponectin can suppress the phagocytic activity of mature

macrophages mediated by the complement C1q receptor and inhibit TNF-α production stimulated by

lipopolysaccharide (LPS) . In addition, leptin has been reported to be a T-cell immune response modulator that

can enhance the cytotoxicity of natural killer (NK) cells, induce activation of granulocytes, macrophages and

[35] [36][37]

[38]

[39]

[40][41] [42][43]

[44]

[45][46]

[47][48][49]

[50]

[51][52]

[53]

[41][54][55][56]

[57]

[25][58]

[36]



Obesity and Inflammatory Bowel Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/5800 4/11

dendritic cells, and polarize Th cell subsets differentiation toward a pro-inflammatory Th1 phenotype rather than an

anti-inflammatory Th2 phenotype . Thus, investigation of the adipokine modulation of immune responses as a

potential therapeutic target to modulate inflammation in the context of the pathophysiology of IBD may be a focus

of future research in inflammatory colon diseases.

Evidence has demonstrated that excessive adipose tissue accumulation, which is characterized by a chronic

inflammatory state involving the activation of pro-inflammatory signaling pathways and increased pro-inflammatory

cytokine production , increases the risks of developing many chronic diseases, including UC and CD 

. Recent reports have demonstrated a particular role of mesenteric adipose tissue that migrates around

intestine, so-called “creeping fat”. The presence of creeping fat, in which the expression of peroxisome proliferator-

activated receptor (PPAR)-γ and TNF-α is augmented , possesses an association with transmural inflammation,

fibrosis, and stricture formation , which lead to pathogenic intestinal inflammation in patients with CD .

Moreover, recent epidemiological analyses have demonstrated the influence of the Western diet on changes in

body composition and aggravation of colitis severity in patients with IBD . Thus, both in vitro and in vivo studies

and epidemiologic research indicate the potential role in inflammatory colon diseases of adipokine-modulated

immune regulation of the interplay between adipose tissue, chronic inflammation, and immune cells (Figure 1). This

review focuses on studies that relate immune cells, adipose tissue, and the selected adipokine-modulated

production of pro-inflammatory cytokines to immunologic homeostasis in inflammatory colon diseases.
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Figure 1. The critical roles of immune cells in fat-associated colonic inflammation. The outcome of obesity-

modulated inflammation in adipose tissue reflects the balance between pro- and anti-inflammatory mediators in the

systems of innate and adaptive immune cells.

References

1. Windsor, J.W.; Kaplan, G.G. Evolving Epidemiology of IBD. Curr. Gastroenterol. Rep. 2019, 21,
40.

2. Ng, S.C.; Shi, H.Y.; Hamidi, N.; Underwood, F.E.; Tang, W.; Benchimol, E.I.; Panaccione, R.;
Ghosh, S.; Wu, J.C.Y.; Chan, F.K.L.; et al. Worldwide incidence and prevalence of inflammatory
bowel disease in the 21st century: A systematic review of population-based studies. Lancet 2018,
390, 2769–2778.

3. Xavier, R.J.; Podolsky, D.K. Unravelling the pathogenesis of inflammatory bowel disease. Nature
2007, 448, 427–434.



Obesity and Inflammatory Bowel Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/5800 6/11

4. Lees, C.W.; Barrett, J.C.; Parkes, M.; Satsangi, J. New IBD genetics: Common pathways with
other diseases. Gut 2011, 60, 1739–1753.

5. Zhang, Y.Z.; Li, Y.Y. Inflammatory bowel disease: Pathogenesis. World J. Gastroenterol. 2014, 20,
91–99.

6. Leppkes, M.; Becker, C.; Ivanov, I.I.; Hirth, S.; Wirtz, S.; Neufert, C.; Pouly, S.; Murphy, A.J.;
Valenzuela, D.M.; Yancopoulos, G.D.; et al. RORgamma-expressing Th17 cells induce murine
chronic intestinal inflammation via redundant effects of IL-17A and IL-17F. Gastroenterology 2009,
136, 257–267.

7. McAlindon, M.E.; Hawkey, C.J.; Mahida, Y.R. Expression of interleukin 1 beta and interleukin 1
beta converting enzyme by intestinal macrophages in health and inflammatory bowel disease. Gut
1998, 42, 214–219.

8. Hsu, C.Y.; Fu, S.H.; Chien, M.W.; Liu, Y.W.; Chen, S.J.; Sytwu, H.K. Post-Translational
Modifications of Transcription Factors Harnessing the Etiology and Pathophysiology in Colonic
Diseases. Int. J. Mol. Sci. 2020, 21, 207.

9. Fu, S.H.; Chien, M.W.; Hsu, C.Y.; Liu, Y.W.; Sytwu, H.K. Interplay between Cytokine Circuitry and
Transcriptional Regulation Shaping Helper T Cell Pathogenicity and Plasticity in Inflammatory
Bowel Disease. Int. J. Mol. Sci. 2020, 21, 379.

10. Imam, T.; Park, S.; Kaplan, M.H.; Olson, M.R. Effector T Helper Cell Subsets in Inflammatory
Bowel Diseases. Front. Immunol. 2018, 9, 1212.

11. Zhu, J.; Yamane, H.; Paul, W.E. Differentiation of effector CD4 T cell populations. Annu. Rev.
Immunol. 2010, 28, 445–489.

12. Khor, B.; Gardet, A.; Xavier, R.J. Genetics and pathogenesis of inflammatory bowel disease.
Nature 2011, 474, 307–317.

13. Fu, S.H.; Lin, M.H.; Yeh, L.T.; Wang, Y.L.; Chien, M.W.; Lin, S.H.; Chang, D.M.; Sytwu, H.K.
Targeting tumour necrosis factor receptor 1 assembly reverses Th17-mediated colitis through
boosting a Th2 response. Gut 2015, 64, 765–775.

14. Murch, S.H.; Braegger, C.P.; Walker-Smith, J.A.; MacDonald, T.T. Location of tumour necrosis
factor alpha by immunohistochemistry in chronic inflammatory bowel disease. Gut 1993, 34,
1705–1709.

15. Izcue, A.; Coombes, J.L.; Powrie, F. Regulatory T cells suppress systemic and mucosal immune
activation to control intestinal inflammation. Immunol. Rev. 2006, 212, 256–271.

16. Bouma, G.; Strober, W. The immunological and genetic basis of inflammatory bowel disease. Nat.
Rev. Immunol. 2003, 3, 521–533.



Obesity and Inflammatory Bowel Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/5800 7/11

17. Molodecky, N.A.; Soon, I.S.; Rabi, D.M.; Ghali, W.A.; Ferris, M.; Chernoff, G.; Benchimol, E.I.;
Panaccione, R.; Ghosh, S.; Barkema, H.W.; et al. Increasing incidence and prevalence of the
inflammatory bowel diseases with time, based on systematic review. Gastroenterology 2012, 142,
46–54.e42.

18. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov,
S.; Abbafati, C.; Abera, S.F.; et al. Global, regional, and national prevalence of overweight and
obesity in children and adults during 1980–2013: A systematic analysis for the Global Burden of
Disease Study 2013. Lancet 2014, 384, 766–781.

19. Zhai, H.; Liu, A.; Huang, W.; Liu, X.; Feng, S.; Wu, J.; Yao, Y.; Wang, C.; Li, Q.; Hao, Q.; et al.
Increasing rate of inflammatory bowel disease: A 12-year retrospective study in NingXia, China.
BMC Gastroenterol. 2016, 16, 2.

20. Ananthakrishnan, A.N. Environmental risk factors for inflammatory bowel diseases: A review. Dig.
Dis. Sci. 2015, 60, 290–298.

21. Zubrzycki, A.; Cierpka-Kmiec, K.; Kmiec, Z.; Wronska, A. The role of low-calorie diets and
intermittent fasting in the treatment of obesity and type-2 diabetes. J. Physiol. Pharmacol. 2018,
69.

22. Kujawska-Luczak, M.; Szulinska, M.; Skrypnik, D.; Musialik, K.; Swora-Cwynar, E.; Kregielska-
Narozna, M.; Markuszewski, L.; Grzymislawska, M.; Bogdanski, P. The influence of orlistat,
metformin and diet on serum levels of insulin-like growth factor-1 in obeses women with and
without insulin resistance. J. Physiol. Pharmacol. 2018, 69.

23. Deiuliis, J.; Shah, Z.; Shah, N.; Needleman, B.; Mikami, D.; Narula, V.; Perry, K.; Hazey, J.;
Kampfrath, T.; Kollengode, M.; et al. Visceral adipose inflammation in obesity is associated with
critical alterations in tregulatory cell numbers. PLoS ONE 2011, 6, e16376.

24. Ellulu, M.S.; Patimah, I.; Khaza’ai, H.; Rahmat, A.; Abed, Y. Obesity and inflammation: The linking
mechanism and the complications. Arch. Med. Sci. 2017, 13, 851–863.

25. Dandona, P.; Aljada, A.; Chaudhuri, A.; Mohanty, P.; Garg, R. Metabolic syndrome: A
comprehensive perspective based on interactions between obesity, diabetes, and inflammation.
Circulation 2005, 111, 1448–1454.

26. Rocha, V.Z.; Folco, E.J. Inflammatory concepts of obesity. Int. J. Inflam. 2011, 2011, 529061.

27. Barbarroja, N.; Lopez-Pedrera, R.; Mayas, M.D.; Garcia-Fuentes, E.; Garrido-Sanchez, L.;
Macias-Gonzalez, M.; El Bekay, R.; Vidal-Puig, A.; Tinahones, F.J. The obese healthy paradox: Is
inflammation the answer? Biochem. J. 2010, 430, 141–149.

28. Long, M.D.; Crandall, W.V.; Leibowitz, I.H.; Duffy, L.; del Rosario, F.; Kim, S.C.; Integlia, M.J.;
Berman, J.; Grunow, J.; Colletti, R.B.; et al. Prevalence and epidemiology of overweight and
obesity in children with inflammatory bowel disease. Inflamm. Bowel Dis. 2011, 17, 2162–2168.



Obesity and Inflammatory Bowel Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/5800 8/11

29. Steed, H.; Walsh, S.; Reynolds, N. A brief report of the epidemiology of obesity in the
inflammatory bowel disease population of Tayside, Scotland. Obes. Facts 2009, 2, 370–372.

30. Petersen, C.; Bell, R.; Klag, K.A.; Lee, S.H.; Soto, R.; Ghazaryan, A.; Buhrke, K.; Ekiz, H.A.; Ost,
K.S.; Boudina, S.; et al. T cell-mediated regulation of the microbiota protects against obesity.
Science 2019, 365.

31. Wang, Y.; Hooper, L.V. Immune control of the microbiota prevents obesity. Science 2019, 365,
316–317.

32. Nam, S.Y. Obesity-Related Digestive Diseases and Their Pathophysiology. Gut Liver 2017, 11,
323–334.

33. Principi, M.; Iannone, A.; Losurdo, G.; Mangia, M.; Shahini, E.; Albano, F.; Rizzi, S.F.; La Fortezza,
R.F.; Lovero, R.; Contaldo, A.; et al. Nonalcoholic Fatty Liver Disease in Inflammatory Bowel
Disease: Prevalence and Risk Factors. Inflamm. Bowel Dis. 2018, 24, 1589–1596.

34. Saroli Palumbo, C.; Restellini, S.; Chao, C.Y.; Aruljothy, A.; Lemieux, C.; Wild, G.; Afif, W.;
Lakatos, P.L.; Bitton, A.; Cocciolillo, S.; et al. Screening for Nonalcoholic Fatty Liver Disease in
Inflammatory Bowel Diseases: A Cohort Study Using Transient Elastography. Inflamm. Bowel Dis.
2019, 25, 124–133.

35. Bartelt, A.; Heeren, J. Adipose tissue browning and metabolic health. Nat. Rev. Endocrinol. 2014,
10, 24–36.

36. Yokota, T.; Oritani, K.; Takahashi, I.; Ishikawa, J.; Matsuyama, A.; Ouchi, N.; Kihara, S.;
Funahashi, T.; Tenner, A.J.; Tomiyama, Y.; et al. Adiponectin, a new member of the family of
soluble defense collagens, negatively regulates the growth of myelomonocytic progenitors and
the functions of macrophages. Blood 2000, 96, 1723–1732.

37. Lord, G.M.; Matarese, G.; Howard, J.K.; Baker, R.J.; Bloom, S.R.; Lechler, R.I. Leptin modulates
the T-cell immune response and reverses starvation-induced immunosuppression. Nature 1998,
394, 897–901.

38. Gregor, M.F.; Hotamisligil, G.S. Inflammatory mechanisms in obesity. Annu. Rev. Immunol. 2011,
29, 415–445.

39. Lee, M.J.; Wu, Y.; Fried, S.K. Adipose tissue heterogeneity: Implication of depot differences in
adipose tissue for obesity complications. Mol. Asp. Med. 2013, 34, 1–11.

40. Nguyen, M.T.; Favelyukis, S.; Nguyen, A.K.; Reichart, D.; Scott, P.A.; Jenn, A.; Liu-Bryan, R.;
Glass, C.K.; Neels, J.G.; Olefsky, J.M. A subpopulation of macrophages infiltrates hypertrophic
adipose tissue and is activated by free fatty acids via Toll-like receptors 2 and 4 and JNK-
dependent pathways. J. Biol. Chem. 2007, 282, 35279–35292.



Obesity and Inflammatory Bowel Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/5800 9/11

41. Olefsky, J.M.; Glass, C.K. Macrophages, inflammation, and insulin resistance. Annu. Rev. Physiol.
2010, 72, 219–246.

42. Caspar-Bauguil, S.; Cousin, B.; Galinier, A.; Segafredo, C.; Nibbelink, M.; Andre, M.; Casteilla, L.;
Penicaud, L. Adipose tissues as an ancestral immune organ: Site-specific change in obesity.
FEBS Lett. 2005, 579, 3487–3492.

43. Murphy, T.J.; Ni Choileain, N.; Zang, Y.; Mannick, J.A.; Lederer, J.A. CD4+CD25+ regulatory T
cells control innate immune reactivity after injury. J. Immunol. 2005, 174, 2957–2963.

44. Uko, V.; Vortia, E.; Achkar, J.P.; Karakas, P.; Fiocchi, C.; Worley, S.; Kay, M.H. Impact of
abdominal visceral adipose tissue on disease outcome in pediatric Crohn’s disease. Inflamm.
Bowel Dis. 2014, 20, 2286–2291.

45. Kredel, L.I.; Siegmund, B. Adipose-tissue and intestinal inflammation—Visceral obesity and
creeping fat. Front. Immunol. 2014, 5, 462.

46. Kredel, L.; Batra, A.; Siegmund, B. Role of fat and adipokines in intestinal inflammation. Curr.
Opin. Gastroenterol. 2014, 30, 559–565.

47. Connelly, T.M.; Juza, R.M.; Sangster, W.; Sehgal, R.; Tappouni, R.F.; Messaris, E. Volumetric fat
ratio and not body mass index is predictive of ileocolectomy outcomes in Crohn’s disease
patients. Dig. Surg. 2014, 31, 219–224.

48. Holt, D.Q.; Moore, G.T.; Strauss, B.J.; Hamilton, A.L.; De Cruz, P.; Kamm, M.A. Visceral adiposity
predicts post-operative Crohn’s disease recurrence. Aliment. Pharmacol. Ther. 2017, 45, 1255–
1264.

49. Van Der Sloot, K.W.; Joshi, A.D.; Bellavance, D.R.; Gilpin, K.K.; Stewart, K.O.; Lochhead, P.;
Garber, J.J.; Giallourakis, C.; Yajnik, V.; Ananthakrishnan, A.N.; et al. Visceral Adiposity, Genetic
Susceptibility, and Risk of Complications Among Individuals with Crohn’s Disease. Inflamm.
Bowel Dis. 2017, 23, 82–88.

50. Bryant, R.V.; Schultz, C.G.; Ooi, S.; Goess, C.; Costello, S.P.; Vincent, A.D.; Schoeman, S.; Lim,
A.; Bartholomeusz, F.D.; Travis, S.P.L.; et al. Visceral Adipose Tissue Is Associated With
Stricturing Crohn’s Disease Behavior, Fecal Calprotectin, and Quality of Life. Inflamm. Bowel Dis.
2019, 25, 592–600.

51. Rosenwald, M.; Wolfrum, C. The origin and definition of brite versus white and classical brown
adipocytes. Adipocyte 2014, 3, 4–9.

52. Park, A.; Kim, W.K.; Bae, K.H. Distinction of white, beige and brown adipocytes derived from
mesenchymal stem cells. World J. Stem Cells 2014, 6, 33–42.

53. Giordano, A.; Smorlesi, A.; Frontini, A.; Barbatelli, G.; Cinti, S. White, brown and pink adipocytes:
The extraordinary plasticity of the adipose organ. Eur. J. Endocrinol. 2014, 170, R159–R171.



Obesity and Inflammatory Bowel Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/5800 10/11

54. Berg, A.H.; Scherer, P.E. Adipose tissue, inflammation, and cardiovascular disease. Circ. Res.
2005, 96, 939–949.

55. Kang, K.; Reilly, S.M.; Karabacak, V.; Gangl, M.R.; Fitzgerald, K.; Hatano, B.; Lee, C.H.
Adipocyte-derived Th2 cytokines and myeloid PPARdelta regulate macrophage polarization and
insulin sensitivity. Cell Metab. 2008, 7, 485–495.

56. Feuerer, M.; Herrero, L.; Cipolletta, D.; Naaz, A.; Wong, J.; Nayer, A.; Lee, J.; Goldfine, A.B.;
Benoist, C.; Shoelson, S.; et al. Lean, but not obese, fat is enriched for a unique population of
regulatory T cells that affect metabolic parameters. Nat. Med. 2009, 15, 930–939.

57. McNelis, J.C.; Olefsky, J.M. Macrophages, immunity, and metabolic disease. Immunity 2014, 41,
36–48.

58. Weidinger, C.; Ziegler, J.F.; Letizia, M.; Schmidt, F.; Siegmund, B. Adipokines and Their Role in
Intestinal Inflammation. Front. Immunol. 2018, 9, 1974.

59. Abella, V.; Scotece, M.; Conde, J.; Pino, J.; Gonzalez-Gay, M.A.; Gomez-Reino, J.J.; Mera, A.;
Lago, F.; Gomez, R.; Gualillo, O. Leptin in the interplay of inflammation, metabolism and immune
system disorders. Nat. Rev. Rheumatol. 2017, 13, 100–109.

60. Frezza, E.E.; Wachtel, M.S.; Chiriva-Internati, M. Influence of obesity on the risk of developing
colon cancer. Gut 2006, 55, 285–291.

61. Guh, D.P.; Zhang, W.; Bansback, N.; Amarsi, Z.; Birmingham, C.L.; Anis, A.H. The incidence of
co-morbidities related to obesity and overweight: A systematic review and meta-analysis. BMC
Public Health 2009, 9, 88.

62. Manna, P.; Jain, S.K. Obesity, Oxidative Stress, Adipose Tissue Dysfunction, and the Associated
Health Risks: Causes and Therapeutic Strategies. Metab. Syndr. Relat. Disord. 2015, 13, 423–
444.

63. Bilski, J.; Mazur-Bialy, A.; Wojcik, D.; Surmiak, M.; Magierowski, M.; Sliwowski, Z.; Pajdo, R.;
Kwiecien, S.; Danielak, A.; Ptak-Belowska, A.; et al. Role of Obesity, Mesenteric Adipose Tissue,
and Adipokines in Inflammatory Bowel Diseases. Biomolecules 2019, 9, 780.

64. Desreumaux, P.; Ernst, O.; Geboes, K.; Gambiez, L.; Berrebi, D.; Muller-Alouf, H.; Hafraoui, S.;
Emilie, D.; Ectors, N.; Peuchmaur, M.; et al. Inflammatory alterations in mesenteric adipose tissue
in Crohn’s disease. Gastroenterology 1999, 117, 73–81.

65. Sheehan, A.L.; Warren, B.F.; Gear, M.W.; Shepherd, N.A. Fat-wrapping in Crohn’s disease:
Pathological basis and relevance to surgical practice. Br. J. Surg. 1992, 79, 955–958.

66. Guedj, K.; Abitbol, Y.; Cazals-Hatem, D.; Morvan, M.; Maggiori, L.; Panis, Y.; Bouhnik, Y.; Caligiuri,
G.; Corcos, O.; Nicoletti, A. Adipocytes orchestrate the formation of tertiary lymphoid organs in the
creeping fat of Crohn’s disease affected mesentery. J. Autoimmun. 2019, 103, 102281.



Obesity and Inflammatory Bowel Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/5800 11/11

Retrieved from https://encyclopedia.pub/entry/history/show/19676


