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Abstract
AIM
To evaluate the measurement of zonulin level and 
antibodies of zonulin and other tight junction proteins 
in the blood of controls and celiac disease patients.

METHODS
This study was conducted to assess the variability or 
stability of zonulin levels vs  IgA and IgG antibodies 
against zonulin in blood samples from 18 controls at 
0, 6, 24 and 30 h after blood draw. We also measured 
zonulin level as well as zonulin, occludin, vinculin, 
aquaporin 4 and glial fibrillary acidic protein antibodies 
in the sera of 30 patients with celiac disease and 30 
controls using enzyme-linked immunosorbent assay 
methodology. 

RESULTS
The serum zonulin level in 6 out of 18 subjects was low 
or < 2.8 ng/mL and was very close to the detection 
limit of the assay. The other 12 subjects had zonulin 
levels of > 2.8 ng/mL and showed significant fluctua
tion from sample to sample. Comparatively, zonulin 
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antibody measured in all samples was highly stable and 
reproducible from sample to sample. Celiac disease 
patients showed zonulin levels with a mean of 8.5 ng/
mL compared to 3.7 ng/mL in controls (P  < 0.0001). 
Elevation of zonulin level at 2SD above the mean was 
demonstrated in 37% of celiac disease patients, while 
antibodies against zonulin, occludin and other tight 
junction proteins was detected in up to 86% of patients 
with celiac disease. 

CONCLUSION
Due to its fluctuation, a single measurement of zonulin 
level is not recommended for assessment of intestinal 
barrier integrity. Measurement of IgG and IgA antibod
ies against zonulin, occludin, and other tight junction 
proteins is proposed for the evaluation of the loss of 
intestinal barrier integrity.

Key words: Zonulin; Occludin; Tight junction protein; 
Intestinal barrier integrity; Celiac disease

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We studied possible variability in zonulin 
levels vs  measuring antibodies against zonulin and 
other tight junction proteins in blood. We found that 
fluctuations in zonulin level from hour-to-hour and day-
to-day were too great to recommend it for assessing 
intestinal permeability. Measurement of IgG and IgA 
antibodies against tight junction proteins in controls 
and in celiac disease patients proved to be very stable 
and reproducible, and we recommend this method for 
such an assessment in future studies.

Vojdani A, Vojdani E, Kharrazian D. Fluctuation of zonulin levels 
in blood vs stability of antibodies. World J Gastroenterol 2017; 
23(31): 5669-5679  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i31/5669.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i31.5669

INTRODUCTION
The intestinal barrier is one of the most continuously 
challenged body barriers. Its importance for main­
taining health cannot be overestimated. Protected 
by outer layers of gut microbiota and mucus, the 
intestinal epithelial layer is the last defensive barrier. 
This one-cell-thick, picket fence-like structure both 
absorbs nutrients and blocks the entry of immunogenic 
molecules from infiltrating the body. If the barrier 
is breached, inflammation, autoimmunity or even 
cancer may follow[1,2]. A broken barrier, therefore, is 
a serious matter and a therapeutic target for disease 
amelioration[3,4].

Intestinal barrier structures include epithelial 
cells and a system of junctions linking them toge­
ther. This structure prevents pathogens, endotoxins 

and undigested dietary proteins from reaching the 
underlying lamina propria. Many factors can alter 
intestinal barrier structures, causing increased barrier 
permeability. These factors include physical and/or 
emotional stress[5], gut microbiota modifications[6-8], 
dust mite allergen[9], long-term use of non-steroidal 
anti-inflammatory drugs[10-12], diet[8,13], alcohol[14] and 
autoimmune reactivity against barrier structures[15-17].

Lacing the epithelial cells to one another are complex 
cellular junctions: tight junctions, gap junctions, 
adherens junctions and desmosomes[4]. Making up the 
tight junctions are occludins and claudins with zonulin 
anchoring them to the actomyosin network within 
the epithelial cells. Together these cells regulate the 
intestinal paracellular pathway. 

Occludin and claudin are intra-membrane proteins, 
which regulate water ion flow and electrolyte loss[3]. 
Occludin has also been linked to the regulation of 
intermembrane and paracellular diffusion of small 
molecules[18]. 

Zonula occludens (ZO-1, ZO-2, ZO-3) are intr­
acellular tight junction proteins that bind directly the 
C-terminal 146 amino acids of occludin to the cable 
cytoskeletal protein actomyosin[19]. Zonula occludens 
are members of a family of membrane-associated 
signaling proteins known as the membrane-associated 
guanylate kinase homologs (MAGUKs)[20]. MAGUKs 
are suggested to be involved in signal transduction 
pathways controlling growth and differentiation[21,22]. 
Zonulin modulates small-intestinal tight junction per­
meability through a protein kinase C-alpha-mediated 
actin polymerization[23].

Vinculin is a cytoskeletal protein that is found in 
both focal contacts and adherens junction[24,25], and 
contributes to the mechanical link of the contractile 
actomyosin cytoskeleton to the extracellular matrix 
through integrin receptors. Vinculin is capable of 
binding to alpha-actinin, actin, talin[26] and to itself[27-29]. 
Vinculin also plays a role in the establishment, or 
regulation, of cadherin-based cell adhesion[30,31].

Beneath the intestinal epithelial cells reside ast­
rocyte-like cells, known as enteric glia cells (EGCs). 
The expression marker, glial fibrillary acidic protein 
(GFAP), of EGCs is identical to the astrocytes of the 
central nervous system[32,33]. GFAP is an intermediate 
filament that is closely related to its non-epithelial 
family members, vimentin, desmin, and peripherin, 
which are all involved in the structure and function 
of the cell’s cytoskeleton. GFAP is thought to help 
to maintain astrocyte mechanical strength[34]. The 
mucosal EGC population are in close proximity to 
the epithelial cells of the colonic crypts and their 
terminal foot processes often extend to the epithelial 
basement membrane and blood capillaries in the 
intestinal mucosa[33,35]. EGCs are the major constituent 
of the enteric nervous system and outnumber enteric 
neurons by a factor of 4 to 10[35]. 

Aquaporin 4 (AQP4) is a class of water channels 
found in many cells of the body including the stomach, 
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brain, lung, and skeletal muscle. It is the predominant 
water channel in the central nervous system. In the 
brain, AQP4 is believed to have a role in maintaining 
and regulating the brain’s functions. These same water 
channel cells are found in plants, which studies indicate 
may be involved in the development of some neural 
autoimmune diseases through molecular mimicry[36]. 
Other studies also suggest the involvement of intestinal 
aquaporins in early stage inflammatory bowel disease 
and intestinal barrier integrity impairment[37-39].

A variety of tests have been introduced for the 
assessment of intestinal epithelial cell damage, in­
testinal tight junction integrity and increased intestinal 
permeability to macromolecules. This includes the 
measurement of fatty acid binding proteins, glutathione 
S-transferase, claudins, the absorption of polyethylene 
glycols, circulating bacterial endotoxins, anti-endotoxin 
antibodies, zonulin level in blood, and others. These 
methods for the assessment of barrier integrity and 
function were reviewed by Grootjans et al[40].

During the past 3 years, a few published studies 
have shown elevations of zonulin levels in the blood of 
subgroups of patients with type 1 diabetes[41], metabolic 
syndrome[42], polycystic ovary syndrome[43], and type 
2 diabetes[44]. Based on these publications, several 
clinical laboratories are now offering measurement of 
zonulin levels in blood as a biomarker of gut barrier 
assessment and autoimmunities.

This is despite indications that molecules such 
as zonulin and occludin have molecular sizes from 
45000-65000 Da[45-47]. Molecules greater than 5000 
Da in size are immunogenic and thus, incite immune 
cells into action. That is why levels of molecules such 
as zonulin and similar molecules, in a single individual, 
fluctuate from non-detectable to upregulated within 
minutes to hours[41,48-50]. When these immunogenic 
molecules enter the submucosa and then into circula­
tion, immune system macrophages will take up the 
molecules, or they are processed by liver Kupffer cells. 
Because of this innate immune response, molecule 
levels will fluctuate in the blood stream. The half-life 
of these molecules, in the blood stream, ranges from 
4 min to 4 h[48,50,51]. Indeed, this fluctuation in blood 
zonulin level was studied for a period of 6 d in ICU 
patients with sepsis, and values were varied by a factor 
of 2-10 from day to day[52].

The first goal of this study was to measure zonulin 
level at 0-, 6-, 24- and 30-h blood-draw intervals. 
On the other hand, because the half-life of antibodies 
is about 21 d, the assessment of antibodies against 
zonulin provides a better clinical picture with one 
blood draw. Consequently we decided to measure IgA 
and IgG antibodies against zonulin in the same blood 
specimens. Finally, zonulin levels in blood have not 
been measured in celiac disease (CD). We decided to 
measure both zonulin level and zonulin antibody as 
well as antibodies against other tight junction proteins 
in patients with CD.

MATERIALS AND METHODS
Antigens such as zonulin, occludin, vinculin, AQP4, 
and GFAP were purchased from Abcam (Abcam, 
Cambridge, MA, United States). A zonulin enzyme-
linked immunosorbent assay (ELISA) kit was purchased 
from MyBioSource (MyBioSource, Inc., San Diego, 
CA, United States). Seventy-two blood samples were 
obtained from 18 volunteers at intervals of 0, 6, 24, and 
30 h. We did not test the 18 volunteers for allergies, 
diabetes, CD, NCGS, other possible GI complaints, 
autoimmune disorders or any other general conditions. 
Blood samples were then centrifuged and the se­
parated sera were kept at -20 ℃ for 48 h and then 
used for the measurement of zonulin concentration as 
well as IgG and IgA levels to zonulin and other tight 
junction proteins. Sera from 30 random human donors 
aged 18-65 were purchased from Innovative Research 
Inc. (Southfield, MI, United States). The samples 
were registered as healthy human subjects. Before 
shipping, each blood sample was tested according to 
FDA guidelines for the detection of hepatitis B surface 
antigen, antibodies to HIV, antibodies to hepatitis C, 
HIV-1 RNA, and syphilis. All units yielded non-reactive/
negative results for each test performed. Additionally, 
commercially available sera from 30 patients with CD 
were purchased from the Binding Site (San Diego, CA, 
United States), Inova (San Diego, CA, United States), 
Diamedix (Miami Lakes, FL, United States), Innovative 
Research (Novi, MI, United States), and Trina Inter­
national Nanikon (Switzerland). The samples from 
patients with CD were confirmed by degree of positivity 
for IgA against both deamidated alpha gliadin peptide 
as well as IgA to transglutaminase-2 antibody using 
kits purchased from Inova Diagnostics. Zonulin levels 
as well as levels of IgG and IgA antibodies to zonulin 
and other tight junction proteins were measured in 
these specimens. 

Measurement of zonulin 
Determination of zonulin levels in serum was done 
using sandwich ELISA technique. In this kit the pre-
coated antibody is human zonulin monoclonal antibody, 
and the detecting antibody is polyclonal antibody 
labeled with biotin. The standard curve ranged from 
1.5-100 ng/mL with a sensitivity starting at 3 ng/mL. 

Measurement of IgG and IgA against tight junction 
proteins by ELISA
Zonulin, occludin, vinculin, AQP4, and GFAP at a con­
centration of 100 ng/mL were each dissolved in 0.01 
mol/L phosphate buffer saline with a pH of 7.4. These 
proteins were then diluted 1:100 in 0.1 mol/L carbonate 
buffer, pH 9.5, and 100 µL were added to wells of 
microtiter plates and incubated for 8 hours at room 
temperature followed by incubation at 4 ℃ for 16 h. 
The plates were washed three times with 200 µL of 
Tris-buffered saline (TBS) containing 0.05% Tween 20 
(pH 7.4). The non-specific binding of immunoglobulins 
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6 had serum zonulin levels measuring less than 2.8 
ng/mL, and due to lack of sensitivity those levels did not 
significantly fluctuate, as shown in Figure 1. However, 
for the other 12 subjects who had serum zonulin levels 
measuring greater than 2.8 ng/mL at time 0 (Figure 2), 
significant fluctuation in zonulin levels was observed in 
almost all 12 of these subjects at the 6-, 24- or 30-h 
blood draws (Figure 2). Since zonulin is a relatively 
large molecule with the approximate size of 55000 Da, 
it may enter the systemic circulation after its release 
from the tight junctions where an immune response 
against it can result in the production of zonulin-
specific antibodies. To demonstrate their stability, IgG 
and IgA antibodies to zonulin were measured in the 
same 18 subjects along the 30-h time course. Data 
presented in Figures 1B and C and 2B and C showed 
that both IgG and IgA antibody levels from blood 
obtained at 0, 6, 24, and 30 h were highly stable with 
variations of less than 10%. 

Serum zonulin levels were then measured in 30 
healthy controls along with 30 patients with known 
celiac disease. The CD patients showed statistically 
significant higher serum zonulin levels with a mean of 
8.5 ng/mL compared to healthy control subjects with 
a mean of 3.7 ng/mL (p < 0.0001). At 2 standard 
deviations above the mean of control subjects, 10% or 
33% of the 30 CD patients demonstrated elevation of 
serum zonulin levels (Figure 3A). 

To establish whether serum zonulin levels correlate 
with zonulin and other tight junction protein antibodies, 
zonulin, occludin, vinculin, AQP4 and GFAP antibody 
levels were measured in the same 30 patients and 30 
controls. The distribution of IgG and IgA antibodies 
against tight junction proteins in these patients is shown 
in Figure 3B-F. At three standard deviations above the 
mean of healthy controls, 63% and 67%, 87% and 
77%, 70% and 57% respectively had serum IgG and 
IgA antibody reactivity against zonulin, occludin, and 
vinculin. The elevation of both IgG and IgA antibodies 
against AQP4 was 43%; against enteric glial cells 
expressing GFAP it was 23% for IgG and 53% for IgA 
(Figure 3). Statistical analysis was performed using 
Ecxel to compare controls and CD patients; for zonulin 
level p value ≤ 0.002, while for tight junction proteins 
antibody levels p value ≤ 0.001. Since not all patients 
with celiac disease had serum zonulin elevation, we 
examined the correlation between serum zonulin 
levels and tight junction protein antibodies. Overall, 
we found three subgroups. Subgroup 1 consists of 9% 
or 30% of the CD patients with significant elevations 
in both zonulin level and antibodies against zonulin 
and other tight junction proteins when compared to 
the mean control levels shown in Figure 3. Subgroup 
2 consists of 13% or 43% of the CD patients with a 
normal serum zonulin level but a significant elevation 
in IgG or IgA antibodies against zonulin, occludin, and 
other tight junction proteins. Subgroup 3 is composed 
of 8% or 27% of the CD patients with low or normal 
serum zonulin levels and low or normal IgG and IgA 

was prevented by adding 200 µL of 2% bovine serum 
albumin (BSA) in TBS, and incubated overnight at 4 ℃. 
Plates were washed as previously described and then 
serum samples (diluted 1:50 for IgA, 1:100 for IgG) in 
1% BSA in TBS containing 0.05% Tween 20 (pH 7.4) 
were added to duplicate wells and incubated for 1 h at 
room temperature. 

Plates were washed, and then alkaline phosphatase 
goat antihuman IgG or IgA F(ab)2 fragments (KPI, 
Gaithersburg, MD) optimal dilution of 1:400 for IgA 
and 1:800 for IgG in 1% BSA-TBS were added to 
each appropriate well; plates were incubated for an 
additional hour at room temperature. After washing 
five times with TBS-Tween buffer, the enzyme 
reaction was started by adding 100 µL of 1 mg/mL 
paranitrophenylphosphate in diethanolamine buffer 
containing 1 mmol/L MgCl2 and sodium azide (pH 9.8). 
The reaction was stopped 45 mins later with 50 µL of 2 
mol/L NaOH. The optical density (OD) was read at 405 
nm by a microtiter plate reader. To exclude nonspecific 
binding, the ODs of the control wells coated with dry 
milk or human serum albumin were subtracted from 
all other wells. Sera from patients with CD with known 
high titers of IgG and IgA against various tight junction 
proteins were used as positive controls. Also assay 
normalizer positive and negative controls were used for 
additional levels of quality control and the calculation of 
the ELISA indices. For each assay the ELISA index was 
calculated using the following formula: ELISA index = 
(mean OD of sample - background)/(mean OD of serum 
normalizer - background)

Statistical analysis
Statistical analysis was performed to study the 
relationships of zonulin level, zonulin antibody, occludin 
antibody, vinculin antibody, AQP4 antibody, and glial 
fibrillary acid protein antibody. The determination 
of the presence of statistically significant correlative 
relationships was conducted with Pearson’s correlation 
coefficients, Kendall’s tau and Spearman’s rho. These 
measures are invariant to any monotonic transformation. 
A standard p-value of 0.05 and a confidence interval of 
95% were used. Correlative analysis and the magnitude 
of relationship were reported. STATA software package 
was used to conduct all inferential and descriptive 
analysis.

RESULTS
Serum zonulin level was measured in the sera of 18 
control subjects at different intervals as well as in 
sera from 30 patients with known CD. The zonulin 
assay r² for the standard curve was 0.998, and the 
reproducibility of the duplicates varied less than 10% 
for samples with zonulin concentration of 2.8 ng/mL or 
greater. This indicated that the analytical sensitivity of 
the assay for serum zonulin levels was 2.8 ng/mL; for 
samples with zonulin levels < 2.8 the reproducibility 
of duplicates was not good. Of the 18 control subjects, 
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antibody levels to tight junction proteins. This direct 
or indirect correlation between serum zonulin levels 
and various tight junction protein antibodies is shown 
in Table 1, where the “r” is the best indication of 
correlation between serum zonulin level and antibodies 
against zonulin and other tight junction proteins. This 
table summary of the two-way scatter plot evaluation 
for zonulin levels and antibody measurements of the 
tight junction proteins demonstrates a strong positive 
monotonic relationship for all correlations (Table 
1). Statistical analysis using Pearson’s correlations 
coefficient were statistically significant for 9 of the 10 
correlations, showing a positive relationship, with the 

exceptions of zonulin level with AQP4 IgA (r = 0.24, p 
= 0.197).

Zonulin levels had statistically significant correlations 
with zonulin IgA and IgG antibodies; for IgG the 
relationship with zonulin levels and zonulin IgG was r = 
0.34, P = 0.064, but the magnitude of the relationship 
was much stronger with zonulin IgA antibodies (r = 0.55, 
P = 0.002). Zonulin levels also had statistically significant 
correlations with vinculin IgA and IgG antibodies, and 
the magnitude of the relationship was likewise better 
with vinculin IgA antibodies (Table 1).

DISCUSSION
Due to the availability of methods for the measurement 
of serum zonulin levels, several laboratories in the 
United States have begun to offer zonulin level analysis 
for the detection of increased intestinal permeabi­
lity in patients with autoimmune disease or other 
chronic inflammatory illnesses. The majority of these 
laboratories analyze serum zonulin levels from a single 
blood draw without consideration for the variability 
of serum zonulin levels during the time course of a 
single day or from day to day. The scientific basis for 
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Table 1  Correlation between serum zonulin level and 
different tight junction protein antibodies

Tight junction IgG IgA

protein r P  value r P  value
Zonulin 0.34 0.064 0.55 0.002
Occludin 0.60 < 0.001 0.50 0.005
Vinculin 0.40 0.032 0.52 0.003
Aquaporin 4 0.42 0.020 0.24 0.197
Glial fibrillary acidic protein 0.55 0.002 0.60 < 0.001
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Figure 1  Minimal fluctuations in zonulin levels in individuals with low levels of zonulin (A), IgG antibody (B), and IgA antibody (C) in a subgroup of 6 out of 
18 subjects. 
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offering serum zonulin levels as a diagnostic indicator 
mainly stems from a paper published by Sapone et al[41] 
in 2006 which demonstrated a correlation with zonulin 
upregulation and increased gut permeability in a 
subgroup of patients with type 1 diabetes. While this 
study contains several key and landmark discoveries 
with which we agree wholeheartedly, it is our opinion 
that the data on which the conclusions were drawn 
merit further analysis before they become the sole 
basis for future diagnostic utility. 

One of the many points used by Sapone to demon­

strate a correlation between zonulin upregulation and 
increased gut permeability in his study is an overall 
elevated serum zonulin level detected in a subgroup of 
patients with type 1 diabetes[41]. Careful examination 
of the data reveals that only 42% of the patients 
have an elevated serum zonulin level (defined by two 
standard deviations above the control group mean). 
Furthermore, in correlating serum zonulin levels and 
leaky gut, the data was plotted against lactulose/
mannitol levels in the same patients. These revealed a 
correlation coefficient of 0.36, which is very weak. In 
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Figure 2  Fluctuation of serum level of zonulin in a subgroup of 12 out of 18 subjects with zonulin elevations (A, B) vs much more stable zonulin IgG (C, D) 
and zonulin IgA (E, F) antibodies.
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fact, it was concluded by the authors that “While these 
numbers are very useful in the setting of research 
analysis, they are insufficiently correlated to be applied 
to diagnostic medical use[41]”. 

Another point of interest is the importance of 
intra-day or day-to-day variability of serum zonulin 
levels and their effect on use as a diagnostic marker. 
In an article published by Klaus et al[52] in 2013, 
plasma zonulin levels were measured and analyzed 
in ICU patients with sepsis and compared to healthy 
controls. Analysis of the day-to-day serum zonulin 
levels for septic patients presented a significant day-
to-day fluctuation. In the present study we decided to 
extrapolate this idea further with a timed blood draw 
protocol in which serum was drawn at 0-, 6-, 24-, and 
30-h intervals in 18 control volunteers to uncover any 
significant intra-day fluctuation of serum zonulin levels. 
Analysis of the data demonstrates significant variability 
of serum zonulin levels in 12 out of 18 controls with 
baseline zonulin level of > 2.8 ng/mL, but not in 6 
samples with zonulin levels around the detection limit 
of the zonulin ELISA kit. 

It is important to point out that our 18 volunteer 
subjects were controls in the sense that they had not 
been definitely confirmed to be positive for CD, unlike 
the 30 purchased samples. We did not test the 18 
volunteers for allergies, diabetes, CD, NCGS, other 
possible GI complaints, autoimmune disorders or any 

other general conditions. In light of this, and given 
the plurality of the individual, it is not surprising that a 
subgroup of 6 of the 18 had lower levels than the other 
12. In fact, the whole point of the study is to show the 
widely varying fluctuations in measuring zonulin levels, 
even among so-called controls.

Zonulin is a protein the size of 47000 Da. Due to 
many environmental factors, it is released from the 
lamina propria and is presented to the submucosal 
gut immune system, where an immune response 
against it results in the production of zonulin-specific 
antibodies[53]. This immune response against zonulin 
and other large molecules may be an explanation for 
zonulin fluctuation from sample to sample in the 12 
control specimens with relatively elevated zonulin. 
Although the half-life in serum of zonulin has yet to be 
determined, it is reasonable to assume zonulin’s half-life 
based on the known half-lives of other similarly-sized 
proteins. For example, LPS, which, along with zonulin, 
is involved in the induction of inflammation in type-2 
diabetes, has a known half-life of 2-4 min in blood[50]. 

This fluctuation is not unique to zonulin. For ex­
ample, the presence of circulating autoantibodies 
directed against U1 nuclear antigen and elevated blood 
levels of U1 antigen were shown to be the hallmark of 
systemic lupus erythematosus. While antibody levels 
against U1 antigens was demonstrated to be highly 
stable, the level of U1 antigens varied from day to 

Figure 3  Differences in serum level of zonulin (A) and IgG (square markers) and IgA (diamond markers) tight junction proteins zonulin (B), occludin (C), 
vinculin (D), aquaporin 4 (E) and glial fibrillary acidic protein (F) in controls (C) and patients with celiac disease. CD: Celiac disease; GFAP: Glial fibrillary 
acidic protein; AQP4: Aquaporin 4.
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day[54]. This fluctuation in antigen level in the blood 
could be associated with antibody-antigen complex 
formation in the circulation, where it is expected to exit 
transiently[55].

Based on this mucosal and possible systemic 
immune response against zonulin, we measured both 
IgA and IgG antibodies to zonulin in the 72 specimens 
from the 18 control subjects. In contrast to zonulin level 
and its fluctuation, we observed a significant stability 
in antibody levels in all four blood specimens obtained 
at different intervals from each of the 18 subjects. 
The variability for both IgA and IgG antibodies against 
zonulin was 10% or less which is similar to inter-assay 
variation of the ELISA methodology used in this study 
(Figures 1A-C, 2A-F). 

Celiac disease is an autoimmune disease in which 
exposure to dietary gluten peptides results in villous 
atrophy and crypt hypertrophy[56]. During the acute 
phase of CD when the tight junctions are open, zonulin 
expression in intestinal specimens was shown to be 
increased by three-fold[53]. The increased expression of 
zonulin due to tight junction breakdown allows zonulin 
presentation to the immune system and production 
of antibodies against zonulin in a subgroup of patients 
with CD[53]. In one study that followed 7 patients with 
CD longitudinally, the raised anti-zonulin IgA returned 
to normal after 3-6 mo on a gluten-free diet[57]. While 
zonulin upregulation in CD has been shown in several 
studies[48,53,57], to the best of our knowledge and 
throughout our literature search, zonulin elevation in 
the sera of patients with CD has not been examined. 
For this reason, we measured serum zonulin levels 
as well as serum antibody levels to several tight 
junction proteins in 30 patients with CD. At 2 standard 
deviations above the mean of control or a serum 
zonulin level of 7.1 ng/mL, 10 out of the 30, or 33% of 
the CD patients exhibited elevations in zonulin levels (p 
< 0.0001) as well as in zonulin IgA and IgG antibody 
levels. However, we found that an additional 10 CD 
patients or a total of 20 (67%) produced antibodies 
to zonulin without having a significant elevation in 
serum zonulin levels (Figure 3A and B). The detection 
of antibodies against zonulin in 67% of patients with 
CD while zonulin level elevations were detected in only 
33% may be related to the zonulin fluctuation in the 
blood and its removal by the immune system. 

Because intestinal tight junctions consist of several 
protein complexes including occludin, zonulin, vinculin, 
talin, claudin, actin, alpha-actinin, desmoglein, and 
others, we decided to test for antibody production to 
additional tight junction proteins including occludin and 
vinculin. We found a significant elevation in antibody 
production against both occludin and vinculin in 
addition to zonulin. In fact, levels of these antibodies 
were the highest against occludin. Further analysis 
of the data reveals that occludin IgG actually has a 
stronger positive correlation to serum zonulin levels 
(r = 0.6) than either zonulin or vinculin antibody 
measurement (r = 0.34-0.55 and r = 0.40-0.52 

respectively). The reason for this is not immediately 
clear though it appears from our data that the inclusion 
of antibody measurement to other tight junction 
proteins such as occludin may enhance the diagnostic 
utility of these antibodies. 

Recent research by Spadoni et al[58] has shed light 
on the existence and function of the gut vascular 
barrier, which in healthy individuals functions to pro­
tect the systemic blood from pathogenic microbiota. 
In their article they discuss the importance of the 
expression of intermediate GFAP by enteric glial cells 
in their formation and function of a gut vascular unit. 
In addition, AQP4 is a known component of the blood 
brain barrier, and is also a resident water channel in 
human stomach tissue, as published by Laforenza[38]. 
We therefore decided to measure for potential antibody 
formation against these two proteins in our CD group 
in an attempt to further understand the pathogenic 
process of inflammatory and autoimmune disease in 
the gastrointestinal (GI) tract. We were not surprised 
to detect elevated antibody levels to both AQP4 and 
GFAP in these patients because of their structural 
presence and utility in the gut. Antibody levels to both 
proteins (except AQP4 IgA) positively correlated with 
serum zonulin levels as demonstrated in Table 1 with 
“r” values ranging from 0.42-0.60. This indicates a 
promising area of future study into what appears to 
be a clear indicator that reactivity to proteins outside 
of the tight junction plays a role in inflammatory 
pathogenesis of CD and possibly other GI disorders.

Although this was a small study, the data shows 
significant hourly fluctuation of serum zonulin levels in 
control subjects, making its clinical utility questionable. 
In comparison, both IgG and IgA zonulin antibodies 
measured in the sera of the same individuals showed 
excellent stability over the course of the blood draw. 
Moreover, measuring antibodies to zonulin and other 
tight junction proteins revealed significant elevation in 
a large percentage of patients with CD, which suggests 
that they play a significant role in the pathogenesis 
of CD and possibly other autoimmune disorders. This 
indicates a need for further research about the role of 
antibodies against tight junction proteins in patients 
with inflammatory and autoimmune disorders. 
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so that the reliability of tests based just on zonulin levels is arguable. A more 
stable, more reliably accurate methodology is required.

Research frontiers
The scientific basis for offering serum zonulin levels as a diagnostic indicator 
comes mainly from a 2006 paper by Sapone et al which demonstrated a 
correlation between zonulin upregulation and increased gut permeability in a 
subgroup of patients with type 1 diabetes. However, Sapone et al themselves 
concluded that their numbers were “insufficiently correlated to be applied to 
diagnostic medical use.”

Innovations and breakthroughs
This study shows that due to the size of zonulin and similar molecules, the 
normal functions of the immune system may cause zonulin levels in the blood 
to rise and fall from day to day, and even from hour to hour. This may cast 
doubt on their reliability as biomarkers, whereas the measurement of antibodies 
against zonulin and other tight junction proteins is comparatively much more 
stable, accurate and reliable. This was demonstrated in a large percentage of 
patients with celiac disease who showed significant elevations in antibodies 
against zonulin and other tight junction proteins as opposed to measurements 
of just zonulin level.

Applications
Measuring antibodies against zonulin and other tight junction proteins may be 
an important diagnostic tool in the detection of intestinal hyperpermeability in 
patients with inflammatory disorders and autoimmune disease. 

Terminology
The intestinal or gut barrier is one of the body’s most important defenses 
against the entry of disease-causing pathogens and food antigens. It is a 
complex wall of layered and inter-laced proteins. Zonulin is one of the foremost 
of these tight junction proteins.

Peer-review
Th paper is well done and helps to clarify some questions about zonulin and 
related molecules. It is practically very relevant.
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