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Zonulin: A biomarker and regulator  
of gastrointestinal tight gap junctions
Research and clinical studies of the protein zonulin and the zonulin signaling pathway demonstrate the 
clinical efficacy of zonulin as a biomarker of intestinal permeability. Studies also confirm that zonulin 
signaling is an essential mechanism in promoting healthy immune function and tolerance at the 
gastrointestinal mucosal barrier. 

Disregulation of the zonulin signaling pathway disrupts normal gut barrier function and alters immune 
responses. As a result, high levels of serum zonulin may point to the presence of increased intestinal 
permeability. Over time, persistent high levels of zonulin in the blood may predispose susceptible 
individuals to inflammatory, autoimmune, and even neoplastic disorders by increasing the paracellular 
permeability of the gastrointestinal mucosa. As increased intestinal permeability persists only in the 
presence of high zonulin levels, the biomarker may also be used to monitor therapeutic interventions 
designed to restore gut barrier function. 

Zonulin is the only currently known reversible regulator of intestinal permeability.

What is zonulin?
The paracellular tight junctions between the intestinal epithelial cells are a critical component of the 
mucosal barrier and regulate the functional state of the paracellular pathway. Zonulin is a protein that 
regulates the reversible permeability of tight junctions. 

Zonulin is the endogenously produced analog of the Vibrio cholerae enterotoxin Zot. When Zot or 
zonulin bind to intestinal epithelial cells, a signal cascade is induced. The signal cascade disassembles the 
paracellular tight junctions between the epithelial cells of the intestinal mucosa, which increases intestinal 
permeability. However, the effects of Zot and zonulin are reversible. The tight junctions are the most apical 
structures to the gut lumen and are the rate-limiting factor for the paracellular migration of molecules 
through the intestinal barrier. 

In the small intestine, epithelial cohesion is maintained by the apical junction complex, composed of 
tight and zonula adherens junctions. The gastrointestinal mucosa forms a barrier between the body 
and the contents of the gut lumen. The mucosal barrier regulates the passage of macromolecular 
compounds through the intestinal epithelium to the gut-associated lymphoid tissue. The competence 
of the paracellular pathway is regulated by the zonulin signaling pathway, the gut-associated lymphoid 
tissue (GALT) and neuroendocrine networks. The dendritic cells of the GALT are found in the lamina propria 
layer of the gut mucosa. The dendritic cells take up antigens, process them and load them onto human 
leukocyte antigen (HLA) proteins for presentation to T-cells. The antigens presented may promote tolerant/
anti-inflammatory or proinflammatory T-cell induction.
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Zonulin is a prehaptoglobulin (pre-HP2), and levels are 
modulated by the presence or absence of haptoglobin (HP) 
gene. Zonulin release in the small intestine occurs when a 
chemokine receptor is stimulated by gliadin or chemokines 
and induces proinflammatory signaling pathways in 
gastrointestinal epithelial cells. The released single-chain 
zonulin activates the cell-signaling pathway via epidermal 
protease-activated receptor 2 and growth factor. This results 
in disassembly of the tight paracellular junctions between 
the gut epithelial cells. When zonulin is cleaved by either 
complement component 1 (C1RL) in the cellular endoplasmic 
reticulum or by intestinal tryptase IV, it is converted into 
haptogloblulin, a protein with heme (iron)-binding, 
antioxidant and antimicrobial properties. Haptoglobin does 
not affect tight junctions.

Zonulin levels may increase due to inflammation, infection, 
injury, diet, or disease, altering the tight junctions between 
the epithelial cells and allowing increased passage of 
macromolecular proteins, toxins, and microorganisms into 
systemic circulation. Loss of tight junction functions and 
increased intestinal permeability may alter the delicate balance 
of tolerance and immune response essential to health and 
trigger inflammatory T-cell responses. Simple sugars, sodium, emulsifiers, the food additive microbial 
transglutaminase, and nanoparticles may disrupt intestinal barrier function and increase zonulin levels. In 
susceptible individuals, inflammatory disease or autoimmunity may develop.

The connection between gluten and zonulin
Zonulin release has been triggered experimentally by the presence of gluten-derived gliadin in the gut 
lumen. The production of specific gliadin-derived peptides by digestive enzymes activates protease 
activated receptor 2 (PAR2) and epidermal growth factor (EGFR) and protease activated receptor 2 (PAR2). 
This signal cascade promotes disassembly of small intestine tight junctions. 

The loss of tight junctions allows gliadin and 
other antigens to enter the lamina propria layer 
of the small intestine where they are presented 
to the enteric immune cells, inducing a shift in 
immune function. The shift to proinflammatory 
signaling results in an increased peripheral 
immune response to gliadin. Dendritic cells 
loaded with gliadin antigen can migrate 
from the small intestine to the mesenteric 
and pancreatic lymph nodes, promoting 
inflammatory responses in the small intestine 
or pancreas. 
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Implementation of a gluten-free diet may prevent further activation of the zonulin pathway and the 
autoimmune process, however, the loss of barrier function may persist for years in cases of gastrointestinal 
autoimmunity such as celiac disease. The composition of the gastrointestinal microbiome, including 
the resident gut microbes, is frequently altered in individuals with celiac disease and other autoimmune 
disorders, which may promote proinflammatory signaling and enhance the translocation of gliadin into 
the intestinal villi.

Zonulin and bacterial adhesion
The epithelial surface of the gut mucosa is covered by a thick mucus layer. The microbiome of resident 
gastrointestinal bacteria and lipopolysaccharides from bacterial cell walls induce the secretion of mucus 
from host goblet cells. The mucus layer is protective—it prevents the direct adhesion of gastrointestinal 
bacteria to the epithelium, has a high concentration of secretory IgA, and provides binding sites for 
resident microbes. In the small intestine, the mucus layer covers both the villi and the villi tips. Disruption 
of the mucus layer from altered immunity, poor diet, or other causes, or alterations in resident microbes 
and gut ecology, may contribute to proinflammatory signaling and increased bacterial adhesion to the 
mucosa. The penetrability of the inner mucus layer, which normally repels bacteria, is determined at least 
in part by the immune system. The direct adhesion of pathogen or resident bacteria to the wall of the 
small intestine stimulates the release of zonulin from the gut mucosa and increases intestinal permeability. 

Association of elevated zonulin with increased  
gut permeability and autoimmune conditions
Autoimmune disorders result from genetic predisposition, environmental exposures, and gut dysbiosis 
caused by altered populations of resident gut microbiota. The induction of an autoimmune response 
requires effector T-cells to acquire specific cytokine “fingerprints” and then migrate to target organs where 
they promote tissue inflammation. Increased intestinal permeability alters immune functions and increases 
antigen passage through paracellular channels. 

Animal studies indicate that epithelial barrier dysfunction may be a causative factor in autoimmune 
disorders. In fact, studies in IBD animal models have shown that increased intestinal permeability occurs 
early in pathogenesis and precedes the development of symptomatic disease. High levels of zonulin are 
found in the tissues and fluids of autoimmune patients. Elevated serum levels of zonulin and increased 
intestinal permeability are commonly observed in patients at risk of developing disease long before the 
onset of symptoms (e.g. Type 1 diabetes). 

Image courtesy of ALPCO, Salem, NH
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Several autoimmune, inflammatory and neoplastic diseases have been associated with elevated levels of 
zonulin:

• Celiac disease—In those with the genetic predisposition (HLA-DQ2/8) and exposure to gluten, 
increased zonulin levels open the tight junctions and intestinal damage occurs. The breach of the 
intestinal barrier promotes proinflammatory T-cell signaling. Zonulin levels increase during the acute 
phase of the disease and decrease after gluten is removed from the diet and healing occurs. In celiac 
patients, serum zonulin has been correlated with lactulose/mannitol permeability testing.

• Non-celiac gluten sensitivity (NCGS)—A 2015 study demonstrated that individuals with NCGS have 
zonulin levels higher than a normal control population, but lower than values for those with celiac 
disease.

• Inflammatory bowel disease (IBD)—In children with IBD, elevated zonulin levels were associated 
with the presence of atopic symptoms. None of the IBD patients in the study were diagnosed with 
celiac disease. Interleukin-10 knockout mice, which develop chronic, patchy colitis and increased 
intestinal permeability, do not develop symptoms if treated with a zonulin inhibitor from weaning. 
Germ-free animals are also protected from symptoms, which implies trigger factors arise from the gut 
lumen.

• Diarrhea-predominant irritable bowel syndrome (IBS-D)—A 2015 study demonstrated that 
individuals with IBS-D have zonulin levels that are higher than a normal control population, but lower 
than values for those with celiac disease. Increased transit times in this population are associated with 
HLA-DQ2/8 genotype.

• Type 1 diabetes (T1D)—The autoimmune cause of pancreatic β-cell destruction has yet to be 
elucidated. However, 40% of Caucasian T1D patients carry a genetic predisposition (human leukocyte 
antigen (HLA) alleles) which, combined with environmental triggers, results in manifestation of the 
disease. Gliadin exposure has been linked to the expression of T1D in human and animal studies. 
Recent studies indicate that gastrointestinal symptoms in T1D patients are associated with increased 
intestinal permeability and zonulin levels which occur prior to the onset of GI complications. Human 
studies indicate that nondiabetic family members (with similar inheritance) commonly have increased 
zonulin and intestinal permeability.

• Liver disease—Obese adolescents and juveniles with nonalcoholic fatty liver disease had higher 
zonulin levels than age, gender, and BMI-matched controls.

• Multiple sclerosis (MS)—It has been demonstrated that that disruption of intestinal homeostasis 
is an early and immune-mediated event in an animal model of MS. Transfer of autoreactive T-cells 
from mice with experimental autoimmune encephalomyelitis (EAE) increased the infiltration of 
proinflammatory Th1/Th17 cells and a reduced regulatory T-cell number in the gut lamina propria, 
Peyer’s patches, and mesenteric lymph nodes. Altered T-cell signaling increased expression of zonulin 
and intestinal permeability, which altered intestinal morphology. The intestinal changes were seen at 
7 days (preceding the onset of neurological symptoms) and at 14 days (at the stage of paralysis) after 
T-cell immunization.

In many disorders associated with elevated zonulin and increased intestinal permeability, such as Crohn’s 
diease, studies indicate that asymptomatic close relatives may often have increased zonulin and intestinal 
permeability, and that most develop symptomatic disease within a few years.
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Normalization of zonulin levels
Probiotic use has been shown to reduce serum and fecal zonulin levels. Restoration of the gastrointestinal 
mucosal barrier may include dietary changes, treatment of dysbiosis, digestive supports, and anti-
inflammatory supplements which may include quercetin, vitamin C, curcumin, gamma-linoleic acid, 
omega-3 fatty acids (EPA, DHA), and aloe vera. Other nutrients such as zinc, beta-carotene, pantothenic 
acid, and L-glutamine provide support for regeneration of the GI mucosa. Glutamine has specifically been 
shown to improve intestinal barrier function in high-stress patients. The amino acid taurine has been 
shown to have anti-inflammatory actions both in vivo and in vitro.

Increased fiber consumption may improve mucus production in the large and small intestine, as fiber 
consumption increases bacterial synthesis of short-chain fatty acids which improve intestinal barrier 
integrity.

Conclusion
The disregulation of the zonulin signaling pathway disrupts normal gut barrier function and alters immune 
responses. High levels of serum zonulin may alert clinicians to the presence of increased intestinal 
permeability in their patients. As zonulin is the only known regulator of reversible intestinal permeability, 
the biomarker may be used to monitor therapeutic interventions designed to restore gut barrier function. 

References:
Barbaro MR, et al. The role of zonulin in non-celiac gluten sensitivity and irritable bowel syndrome. Abstract presented at: 23rd 
United European Gastroenterology Week; October 24-27 2015; Barcelona, Spain. 

Burtis C, Ashwood E, Bruns D. Tietz Textbook of Clinical Chemistry and Molecular Diagnostics. St. Louis, MO: Elsevier Saunders; 2006. 

Cinova J, De Palma G, Stepankova R, Kofronova O, Kverka M, et al. Role of intestinal bacteria in gliadin-induced changes in intestinal 
mucosa: study in germ-free rats. PloS One. 2011;6(1):e16169. 

DeSantis S, Cavalcanti E, Mastronardi M, Jirillo E, Chieppa M. Nutritional keys for intestinal barrier modulation. Front Immunol. 
2015;6:612. 

Duerksen DR, Wilhelm-Boyles C, Veitch R, Kryszak D, Parry DM. A comparison of antibody testing, permeability testing, and zonulin 
levels with small-bowel biopsy in celiac disease patients on a gluten-free diet. Dig Dis Sci. 2010;55(4):1026-1031. 

Faria ANC, Gomes-Santos AC, Gonçalves JL, et al. Food components and the immune system: from tonic agents to allergens. Front 
Immunol. 2013;4: 102. 

Fasano A. Intestinal permeability and its regulation by zonulin: diagnostic and therapeutic implications. Clin Gastroenterol Hepatol. 
2012;10(10):1096-1100. 

Fasano A. Zonulin, regulation of tight junctions, and autoimmune diseases. Ann N Y Acad Sci. 2012;1258(1):25-33.

Fasano A. Zonulin and its regulation of intestinal barrier function: the biological door to inflammation, autoimmunity, and cancer. 
Physiol Rev. 2012;91(1):151-175. 

Lerner A, Matthias T. Changes in intestinal tight junction permeability associated with industrial food additives explain the rising 
incidence of autoimmune disease. Autoimmun Rev. 2015;14(6):479-489. 

Lu R, Wang W, Uzzau S, Vigorito R, Zielke HR, et al. Affinity purification and partial characterization of the zonulin/zonula occludens 
toxin (Zot) receptor from human brain. J Neurochem. 2001;74(1):320-326. 

Moreno-Navarrrete JM, Sabater M, Ortega F, et al. Circulating zonulin, a marker of intestinal permeability, is increased in association 
with obesity-associated insulin resistance. PLoS One. 2012;7:e37160.

Nouri M, Bredberg A, Weström B, Lavasani S. Intestinal barrier dysfunction develops at the onset of experimental autoimmune 
encephalomyelitis, and can be induced by adoptive transfer of auto-reactive T-cells. PLoS One. 2014;9(9):e106335 

Pacifico L, Bonci E, Marandola L, et al. Increased circulating zonulin in children with biopsy-proven nonalcoholic fatty liver disease. 
World J Gastroenterol. 2014;20(45):17107-17114



Doctor’s Data, Inc. Zonulin: A Biomarker and Regulator of Gastrointestinal Tight Gap Junctions Resource Guide  6

doctorsdata.com

Pelaseyed T, Bergström JH, Gustafsson JK, Ermund A, Birchenough GMH, et al. The mucus and mucins of the goblet cells and 
enterocytes provide the first defense line of the gastrointestinal tract and interact with the immune system. Immunol Rev. 
2014;260(1):8-20. 

Sharma R, Schumacher U. Morphometric analysis of intestinal mucins under different dietary conditions and gut flora in rats. Dig 
Dis Sci. 1995;40(12):2532-2539. 

Tripathi A, Lammers KM, Goldblum S, Shea-Donohue T, Netzel-Arnett S, et al. Identification of human zonulin, a physiological 
modulator of tight junctions, as prehaptoglobin-2. Proc Natl Acad Sci USA. 2009;106(39):16799-16804. 

Vanuytsel T, Vermeire S, Cleynen I. The role of haptoglobin and its related protein, zonulin, in inflammatory bowel disease. Tissue 
Barriers. 2013;1(5):e27321. 

Vazquez-Roque MI, Camilleri M, Carlson P, McKinzie S, Murray JA, et al. HLA-DQ genotype is associated with accelerated small 
bowel transit in patients with diarrhea-predominant irritable bowel syndrome. Eur J Gastroenterol Hepatol. 2011;23(6):481‒487.

Zak-Gołąb A, Kocełak P, Aptekorz M, et al. Gut microbiota, microinflammation, metabolic profile, and zonulin concentration in 
obese and normal weight subjects. Int J Endocrinol. 2013:674106.



3755 Illinois Avenue • St. Charles, IL 60174-2420

800.323.2784 (US AND CANADA)
0871.218.0052 (UK)

+1.630.377.8139 (GLOBAL)

doctorsdata.com

Science + Insight


