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Mycotoxins are highly toxic low-molecular-weight secondary 
fungal metabolites that are produced in response to fungal stress, 
though not essential to fungal growth [1-3]. They are commonly found 
on cereals grown in the temperate areas of America, Europe and Asia 
[4]. Contamination of agricultural crops by fungi and their associated 
mycotoxins is a serious problem worldwide. In addition to significant 
economic loss of crops, mycotoxins frequently contaminate food and 
animal feeds and thus pose a potential health threat to humans and 
livestock [5]. Following ingestion of contaminated food or feeds, the 
intestine and the intestinal epithelial cell layer could be exposed to a 
high concentration of food contaminants, including mycotoxins [6]. 
The intestinal layer is the first barrier preventing the entry of foreign 
antigens, including food proteins, natural toxins, commensal gut flora 
and pathogens, into the underlying tissues through various defense 
mechanisms (Figure 1). This barrier function is based both on innate 
and adaptive components of immunity. Mycotoxins investigated in our 
laboratory affect the intrinsic component of the intestinal immunity, 
including the epithelial barrier and its inter-cellular junctions 
(reviewed in, [1]). The trans-epithelial electrical resistance (TEER) of 
cell monolayer can be considered as a good indicator of the epithelial 
integrity and of the degree of organization of the tight junctions over 
the cell monolayer [7] and several studies have demonstrated the 
reduction in TEER following exposure to mycotoxins (including AFB1, 
DON and FB1) [8,9]. Such an effect of food toxin on intestinal epithelial 
cells may increase susceptibility to diseases, possibly due to reduced 
nutrient retention, combined with greater access of infectious agents.
The mechanisms involved in the disturbances of the TEER caused by 
mycotoxins could be a result of a decrease of two specific isoforms of 
the claudin protein from the tight junctions [10,11]. Also, effects on 
the protein content of plasma membrane microdomains, which are 
known to regulate the tight junction assembly and intestinal transport 
activity [12] and a loss of cell-matrix interactions [13] may explain the 
effects of mycotoxins on TEER. In order to maintain an effective barrier 
function, epithelia need to exist in a constant state of regeneration. 
Several experiments have also determined the effects of mycotoxins 
on intestinal cell proliferation and on intestinal morphology. Exposure 

to mycotoxins may lead to a reduction in intestinal cell proliferation 
[14,15], induction of necrosis of epithelial and crypt cells [16] and/
or increases in the number of mitotic figures in the intestinal crypts 
[17]. Mycotoxins have also been reported to affect the extrinsic 
components of intestinal immunity. While the effects on secretion 
of immunoglobulin [18-20] and expression of chemokines and 
cytokines [21-25] have been reported in several studies, their effects 
on mucus and antimicrobial peptide synthesis and secretion are poorly 
documented. Recently, our data clearly demonstrated the effects of 
individual and mixtures of Fusarium toxins on endpoints including 
antimicrobial peptides [26] and pro-inflammatory cytokines [27]. 
We also demonstrated the involvement of modulation of biosynthesis 
and secretion of several secretory mucins (MUC5AC and MUC5B) 
following exposure to different Fusarium toxins (not yet published)
[28]. Collectively, our preliminary in vitro findings demonstrate that 
ingestion of Fusarium toxins may compromise enterocyte-mediated 
defence responses, which may lead to an increase in the susceptibility 
of the intestinal mucosa to experimental or natural infections. This 
warrants further investigation on the effect of mycotoxins on the 
enterocyte-mediated defence responses in animal models (e.g mice), 
by looking into different gut immune parameters as summarized in 
this article (Figure 2). By understanding the effects of mycotoxins on 
these gut immune parameters, and combining them with tools such as 
genomics, metabolomics and microbiomics, the results so generated 
will contribute to improved understanding and risk assessment for 
common mycotoxins observed in contaminated food and feeds.
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Figure 1: Schematic depiction of potential mechanisms of action by 
mycotoxins on the enterocyte-mediated defence responses.

Journal of
Biomolecular Research & Therapeutics Jo

ur
na

l o
f B

io
mole

cular Research & Therapeutics

ISSN: 2167-7956

http://www.ncbi.nlm.nih.gov/pubmed/16144716
http://www.ncbi.nlm.nih.gov/pubmed/16144716
http://www.ncbi.nlm.nih.gov/pubmed/16144716
http://www.ncbi.nlm.nih.gov/pubmed/17642075
http://www.ncbi.nlm.nih.gov/pubmed/17642075
http://www.ncbi.nlm.nih.gov/pubmed/17109910
http://www.ncbi.nlm.nih.gov/pubmed/17109910
http://www.ncbi.nlm.nih.gov/pubmed/17109910
http://www.ncbi.nlm.nih.gov/pubmed/17109910
http://www.ncbi.nlm.nih.gov/pubmed/12052637
http://www.ncbi.nlm.nih.gov/pubmed/12052637
http://www.sciencedirect.com/science/article/pii/S1319610310000827
http://www.sciencedirect.com/science/article/pii/S1319610310000827


Citation: Wan LYM, El-Nezami H (2013) The Gut Immune Parameters for Mycotoxin Research. J Biomol Res Ther 3: e124. doi: 10.4172/2167-7956.1000e124

Page 2 of 2

Volume 3 • Issue 1 • 1000e124
J Biomol Res Ther
ISSN: 2167-7956 JBMRT, an open access journal 

6. Prelusky DB, Trenholm HL, Rotter BA, Miller JD, Savard ME, et al. (1996) 
Biological fate of fumonisin B1 in food-producing animals. Adv Exp Med Biol 
392: 265-278.

7. Hashimoto K, Shimizu M (1993) Epithelial properties of human intestinal Caco-
2 cells cultured in a serum-free medium. Cytotechnology 13: 175-184.

8. Gratz, S, Tuner PC (2007) Lactobacillus rhamnosus strain GG reduces aflatoxin 
B1 transport, metabolism, and toxicity in Caco-2 Cells. Appl Environ Microbiol 
73: 3958-3964.

9. Maresca M, Mahfoud R, Garmy N, Fantini J (2002) The mycotoxindeoxynivalenol 
affects nutrient absorption in human intestinal epithelial cells. J Nutr 132: 2723-2731.

10. Lambert D, Padfield PJ, McLaughlin J, Cannell S, O’Neill CA (2007) Ochratoxin 
A displaces claudins from detergent resistant membrane microdomains. 
BiochemBiophys Res Commun 358: 632-636.

11. McLaughlin J, Padfield PJ, Burt JP, O’Neill CA (2004) Ochratoxin A increases 
permeability through tight junctions by removal of specific claudin isoforms Am 
J Physiol. 287: 1412-1417.

12. Maresca M, Mahfoud R, Pfohl-Leszkowicz A, Fantini J (2001) 
Themycotoxinochratoxin A alters intestinal barrier and absorption functions but 
has no effect on chloride secretion. ToxicolAppl Pharm 176: 54-63.

13. Pelagalli A, Maria AB, Caterina S, Rossella DM, Danilad’Angelo (1999) The 
mycotoxinfumonisin B1 inhibits integrin-mediated cell-matrix adhesion. 
Biochimie 81: 1003-1008.

14. Bouhet S, Hourcade E, Loiseau N, Fikry A, Martinez S, et al. (2004) The 
mycotoxinfumonisin B1 alters the proliferation and the barrier function of 
porcine intestinal epithelial cells. ToxicolSci 77: 165-171.

15. Wan LYM, Turner PC, El-Nezami HS (2013) Individual and combined cytotoxic 
effects of Fusarium toxins (deoxynivalenol, nivalenol, zearalenone and fumonisins 
B1) on swine jejunal epithelial cells. Food ChemToxicol 57: 276-283.

16. Shinozuka J, Li G, Kiatipattanasakul W, Uetsuka K, Nakayama H,et al. (1997) 
T-2 toxin-induced apoptosis in lymphoid organs of mice. ExpToxicolPathol 49: 
387-392.

17. Theumer MG, López AG, Masih DT, Chulze SN, Rubinstein HR 
(2002) Immunobiological Effects of Fumonisin B1 in Experimental 
SubchronicMycotoxicoses in Rats. ClinDiagn Lab Immunol 9: 149-155.

18. Banotai C, Greene-McDowelle DM, Azcona-Olivera JI, Pestka JJ (1999) Effects 
of intermittent vomitoxin exposure on body weight, immunoglobulin levels and 
haematuria in the B6C3F1 mouse. Food ChemToxicol 37: 343-350.

19. Pestka JJ (2003) Deoxynivalenol-induced IgA production and IgA nephropathy-
aberrant mucosal immune response with systemic repercussions. ToxicolLett 
140–141: 287-295.

20. Hinoshita F, Suzuki Y, Yokoyama K, Hara S, Yamada A, et al. (1997) Experimental 
IgA nephropathy induced by a low-dose environmental mycotoxin, nivalenol. 
Nephron 75: 469–478.

21. Bouhet S, Le Dorze E, Peres S, Fairbrother JM, Oswald IP S (2006) 
Mycotoxinfumonisin B1 selectively down-regulates the basal IL-8 expression 
in pig intestine: in vivo and in vitro studies. Food ChemToxicol 44: 1768-1773.

22. Oswald IP, Desautels C, Laffitte J, Fournout S, Peres SY, et al. (2003) 
MycotoxinFumonisin B1 increases intestinal colonization by pathogenic 
Escherichia coli in pigs. Appl Environ Microbl 69: 5870-5874.

23. Meissonnier GM, Pinton P, Laffitte J, Cossalter AM, Gong YY, et al. (2008) 
Immunotoxicity of aflatoxin B1: impairment of the cell-mediated response to 
vaccine antigen and modulation of cytokine expression. ToxicolAppl Pharm 
231: 142-149.

24. Meky FA, Hardie LJ, Evans SW, Wild CP (2001) Deoxynivalenol-induced 
immunomodulation of human lymphocyte proliferation and cytokine production. 
Food ChemToxicol 39: 827-836.

25. Taranu I, Marin DE, Bouhet S, Pascale F, Bailly JD, et al. (2005) 
Mycotoxinfumonisin B1 alters the cytokine profile and decreases the vaccinal 
antibody titer in pigs. ToxicolSci 84: 301-307.

26. Wan ML, Woo CS, Allen KJ, Turner PC, El-Nezami H (2013) Modulation of porcine 
β-defensins 1 and 2 upon individual and combined Fusarium toxin exposure in a 
swine jejunal epithelial cell line. Appl Environ Microbiol 79: 2225-2232.

27. Wan LY, Woo CS, Turner PC, Wan JM, El-Nezami H (2013) Individual and 
combined effects of Fusarium toxins on the mRNA expression of pro-inflammatory 
cytokines in swine jejunal epithelial cells. ToxicolLett 220: 238-246.

28. Wan LY, Turner PC, Allen KJ, El-Nezamy HS (2012) Modulation of mucin mRNA 
(MUC5AC and MUC5B) expression and protein secretion in Caco-2 and HT29-
MTX cells following exposure to individual and combined Fusarium toxins 
(deoxynivalenol, nivalenol, zearalenone and fumonisin B1).

Figure 2: Summary of different gut immune parameters measured in murine models for the effect of mycotoxins on the enterocyte-mediated defence responses.
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