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Altered intestinal permeability and dysfunctional tight junctions (TJ) have been implicated in several
autoimmune diseases including celiac disease (CeD). Elevated intestinal permeability leads to 
additional gluten exposure resulting in a sustained inflammatory loop which has a pivotal role in the
pathogenesis of CeD. In this study, we investigated the effect of larazotide acetate (AT-1001), an 
8-mer tight junction modulator peptide, on the permeability caused by factors secreted from pepsin-
trypsin digested gliadin (PT-gliadin) stimulated human PBMC or recombinant cytokines. Treatment
of human PBMC with PT-gliadin increased the production of several pro-inflammatory cytokines 
including TNF-α, IFN-γ, and IL-1β. Basolateral application of this supernatant resulted in an 
increase in Lucifer Yellow (LY) permeability. We show that larazotide acetate inhibited PT-gliadin 
activated PBMC supernatants or mixture of proinflammatory cytokines (TNF-α, IFN-γ, and IL-1β)-
induced increase in LY permeability in Caco-2 assay. Larazotide acetate also inhibited the transport
of immune reactive 9-mer, 13-mer gliadin peptides across a Caco-2 monolayer. Finally, in a double
transgenic (HCD4+/HLA/DQ8+) mouse CeD model, oral administration of larazotide acetate prior to
oral gliadin treatment blocked intestinal changes such as macrophage accumulation, and intestinal
permeability. These results suggest that larazotide acetate can effectively disrupt the pathogenic
intestinal “permeability-inflammatory loop” by inhibition of gliadin peptide transport and inhibition of
cytokine induced permeability.

EXPERIMENTAL METHODS

Activation of peripheral blood mononuclear cells (PBMC) with PT-gliadin: PBMC were isolated from
unpurified Buffy coat from normal individuals (Research Blood Components, Brighton, MA) using 
Ficoll gradient separation. The purified mononuclear cells were incubated with pepsin-trypsin treated
gliadin (PT-gliadin, 0.5mg/ml) at 37°C for 24 hrs. Then, the supernatants were removed, centrifuged
and stored at -80°C until use.Cytokine analysis: The PT-gliadin activated PBMC supernatants  
were tested for the presence of total of 53 cytokines by Luminex-bead based multiplex assay 
(AssayGate, MD).
Permeability assay using Caco-2 cells: Caco-2 cells were seeded at 60,000 cells/cm2 in 24-well
Transwell® plates, and maintained in culture medium composed of Dulbeccoʼs Modified Eagleʼs
Medium, 10% fetal bovine serum, 1% non-essential amino acids, and 2% Penicillin-Streptomycin.
Assays were performed 21-24 days post-seeding. Caco-2 cells were treated with 1ml of PBMC 
induced supernatants or complete RPMI media containing 50ng/ml each of TNF-α, IFN-γ and 
IL-1β (R&D systems, Minneapolis, MN) basolaterally for 72 hrs at 37°C, 5% CO2. For treatment with
larazotide acetate, medium was replaced with larazotide acetate (12.5mM) on the apical side after
48 hrs. At the end of the experiment, Lucifer yellow (LY) permeability was measured as a marker as
follows: medium was replaced with LY (7.5mM) on the apical side and then cells were incubated for
1 hr at 37°C, 50 RPM. Samples (100µl) were collected from basolateral side and LY was measured
at excitation and emission wavelengths of 485nm and 535nm, respectively. 
Gliadin peptide transport assay using Caco2 cells: Caco2 monolayer was incubated with PT-gliadin
activated PBMC supernatants for 72 hrs and then treatment with larazotide acetate (12.5mM) was
done as described above. At the end of the experiment, gliadin peptides transport was measured
as follows: medium was replaced with FITC-9mer and FITC-13mer (1mM) gliadin peptides on the
apical side and then cells were incubated for 3 hr at 37°C, 50 RPM. Samples (100µl) were collected
from basolateral side and fluorescein was measured. 
HLA-DQ8/HCD4 mice: A double transgenic mouse model of gluten sensitivity that expresses human
CD4 and HLA-DQ8 developed at Mayo Clinic (Black KE et al. J Immunol 2002;169:5595-5600) was
used for morphological and immunocytochemistry studies.
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Figure 1. Supernatants from PT-gliadin activated PBMC or mixture of proinflammatory cytokines
(TNF-α, IFN-γ  and IL-1β)  significantly enhanced Lucifer yellow (LY) permeability compared to the 
control, and larazotide acetate (AT-1001) significantly inhibited this permeability by 60-80%. 
(*) indicates significant enhancement or inhibition in LY permeability compared to controls (p<0.05). 
Results are reported as mean ± SEM (n=3).

Figure 2. Supernatants from PT-gliadin activated PBMC significantly enhanced 9-mer and 13-mer
gliadin peptides permeability across the Caco2 monolayer compared to the control, and larazotide 
acetate (AT-1001) significantly inhibited  this transport by 80%. (*) indicates significant enhancement or
inhibition in peptide transport compared to controls (p<0.05). Results are reported as mean ± SEM (n=3).

Larazotide Acetate Inhibits Permeability Induced By 
Factors From Pt-Gliadin Stimulated Pbmc Or Cytokines

Larazotide Acetate Inhibits Gliadin Peptide Transport 
Induced by Factors from PT-Gliadin Stimulated PBMC 

Figure 3. HLA-DQ8/HCD4 mice sensitized IP with gliadin and thereafter with gliadin alone, 
gliadin + larazotide acetate, or gliadin + AT-1002, (a TJ inducer) for 6 wk. A group of non-sensitized 
controls was gavaged with rice.  Mice sacrificed 24 hrs after last gavage. (A) Morphology assessed
using electron microscopy. (B) Immunohistochemistry was used for F4/80+ macrophages.  

Administration of Larazotide Acetate Reduced the Proportion 
of Altered Tight Junction in Gliadin-Sensitized Mice
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� PT-gliadin enhanced a number of proinflammatory cytokines produced by PBM 
such as TNF-α, IFN-γ, and IL-1β 

� PT-gliadin activated PBMC supernatants or mixture of recombinant 
(pro-inflammatory) cytokines caused opening of tight junctions which resulted in 
the enhancement of epithelial permeability. Treatment of larazotide acetate 
decreased the epithelial permeability significantly.

� In vivo gliadin challenge compromised TJ integrity in gliadin-sensitive 
HLA-HCD4/DQ8 mice. Larazotide acetate  reduced the proportion of altered 
TJ in gliadin sensitive mice. 

� In vivo larazotide acetate treatment normalized macrophage counts in the lamina 
propria of the small intestine in gliadin-sensitized mice 

� In conclusion, our study supports the therapeutic potential of larazotide 
acetate in CeD
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PT-Gliadin Enhances Production 
of  Proinflammatory Cytokines from PBMC 

Table 1. PBMC were activated with PT-gliadin for 24 hrs and the supernatants were tested for 
cytokines secretion profile by multiplex assay. Out of 53 cytokines measured, PT-gliadin activation 
enhanced the production of several proinflammatory cytokines compared to untreated cells. Cytokines
that were enhanced or decreased by PT-gliadin treatment at least by 2-3 fold are listed here.


