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Humans and animals suffer a health threat to soybean allergy. The impaired
mechanism of the intestinal barrier by food/feed allergen glycinin has not been clear.
The effects of epithelial metabolic activity, permeability, integrity, and the tight
junction (TJ) expression induced by glycinin were conducted using porcine intestinal
epithelial cells (IPEC-J2) model in this study. The results showed the decreased
metabolic activity (R2 = 0.964, p < 0.001) and the increased alkaline phosphatase
activity (R2 = 0.528, p = 0.002) linearly correlated with glycinin levels (0–4 mg/mL).
The trans-epithelial electrical resistance values declined stimulated by 4 mg/mL
glycinin treatment in a time-dependent manner (0, 6, 12, or 24 h, p = 0.018), and also
descended after 12 or 24 h glycinin treatment in dose-dependence (0, 0.5, 1, 2, or
4 mg/mL, p < 0.001). The glycinin-induced TJ expression of claudin-3, occludin, and
ZO-1 were reduced (p < 0.05).

Keywords: glycinin; intestinal permeability; tight junction; food allergy; IPEC-J2

1. Introduction

The incidence of food allergy, estimated to be 3–4% in adults and up to 6% in children
(Sicherer & Sampson, 2006), have generated a major concern of food safety. Babiker
et al. demonstrated that at least 21 allergenic proteins in soybean have been identified and
bound to IgE (Babiker et al., 1998). Soybeans are widely used in food/feed products
because of their high nutritional value (Friedman & Brandon, 2001). The increasing
consumption of various soybean products may lead to a rise in the incidence of soybean
allergies. Soybean Glycinin, a major allergenic protein, is a hexamer with a molecular
weight about 360 KD consisting of both acidic and basic polypeptide chains linked by a
single disulfide bond (Kitamura & Shibasaki, 1975). It has negative effects on humans
(Foucard & Yman, 1999) and animals (Guo, Piao, Cao, Ou, & Li, 2008; Sun, Li, Dong,
Qiao, Ma, 2008; Zhao et al., 2008).

Dietary proteins are digested and absorbed primarily within the gastrointestinal tract.
Only a small amount of food allergens escape the enzymatic breakdown or suffer the
insufficient degradation, then they might be available for intestinal absorption. The
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gastrointestinal tract, as an interface between the body and the external environment, also
acts as a barrier to prevent the entrance of harmful entities including bacteria, endotoxin,
toxicity macromolecule, and luminal antigens. Although, the mechanisms of food allergy
currently unclear, they are generally thought to sensitize an individual via the gastro-
intestinal tract (Bannon, 2004; Lehrer, Horner, Reese, & Taylor, 1996; Mills, Madsen,
Shewry, & Wichers, 2003). So it is vital to consider the gut permeability for soybean-
induced allergy. However, the effects of Glycinin on intestinal barrier permeability are not
yet fully elucidated to our knowledge.

The gastrointestinal epithelium is an important contact surface between the organism
and its external environment (Fujita, Baba, Shimamoto, Sakuma, & Fujimoto, 2007) and
prevents food allergen from being absorbed into blood. The destruction of the mucosal
barrier function augments the penetration of allergic proteins into the circulation and
consequently induces the occurrence of the allergic response (Tlaskalová-Hogenová et al.,
2002). Therefore, it is of great interest for elucidating the effects of food/feed allergen on
the mucosal barrier function.

The tight junction (TJ), a major mode of cell–cell adhesion, plays an important role in
regulating permeability. It is mainly composed of transmembrane proteins (occludin,
claudin, and junctional adhesion molecules) and peripheral membrane proteins (zonula
occludens [ZO]-1, ZO-2, ZO-3, MUPP-1) (Yoshida, Ban, & Kinoshita, 2009), whose
quantity decide the efficacy of cell–cell adhesion.

This study was developed to provide further information on the intestinal permeability
and the TJ protein expression in porcine intestinal epithelial cells (IPEC-J2) treated with
Glycinin, which are essential criteria to explore the mechanism of Glycinin-induced allergy.

2. Materials and methods

2.1. Preparation of glycinin

Glycinin was isolated from defatted soy flour according to the method of Setsuko and
Fumio (1987). The purified production contains over 95% glycinin determined using
Pierce BCA Protein Assay Kit (Thermo, Rockford, America) and SDS-PAGE analysis.

2.2. Cells culture

The IPEC-J2 cells were kindly donated by Dr Guoyao Wu of China Agricultural
University. Cells culture conditions were conducted as our previous method (Zhao
et al., 2014).

2.3. Cellular metabolic activity detected by MTT assay

IPECs were treated with 0, 0.5, 1.0, 2.0, 4.0 mg/ml glycinin media for 24 h, respectively.
MTT assay was determined to evaluate the metabolic activity according to our previous
procedure (Zhao et al., 2014).

2.4. Measurement of trans-epithelial electrical resistance

For trans-epithelial electrical resistance (TEER) measurements, IPECs were seeded at 5 ×
104/cm2 in a 24-well polycarbonate Transwell filter insert microplate (Costar, Corning
Inc., New York, NY, USA) in membrance 0.3 μm pore size. When monolayer of cells was
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completely differentiated, cells were treated with 0, 0.5, 1.0, 2.0, 4.0 mg/mL of soybean
glycinin. The TEER was measured using the Millicell-ERS resistance system (Millipore,
Billerica, MA, USA) after incubating 0, 6, 12, 24 h, respectively. Each well was
performed in triplicate. TEER mean values were calculated according to the manufac-
turer’s instructions and expressed as Ω·cm2.

2.5. Alkaline phosphatase activity

Alkaline phosphatase (AP) activity could reflect the cellular membrane integrity. Cells,
grown in a 96-well microplate, were treated with 0, 0.5, 1.0, 2.0, 4.0 mg/mL glycinin
media for 24 h, respectively. The AP activity of the supernatant was measured using the
AP Test kit (Jiancheng, Nanjing, China).

2.6. Expression analysis of TJ proteins

The expression analysis of TJ proteins (occludin, claudin-3, and ZO-1) were assessed by
Immunofluorescence and Western blot. IPECs, grown on cover glass within 6-well plates
for complete confluence, were treated with 2 mg/mL glycinin media for 24 h for
Immunofluorescence. IPEC seeded in cell culture flasks were treated with 0.0 mg/ml and
2 mg/mL of glycinin media for 24 h for Western blot. The methods of detection and
analysis were carried out in accordance with our previous report (Zhao et al., 2014).

2.7. Statistical analysis

All data were analyzed using the general linear model procedure of Statistical Package for
Social Sciences version 11.5 (SPSS Inc., Chicago, IL, USA). Duncan’s multiple range
tests were employed to test the differences between means. Statements of statistical
significance were based upon p ≤ 0.05.

3. Results

3.1. Cellular metabolic activity

As shown in Figure 1, the negative correlation exists between MTT and glycinin levels
(R2 = 0.964, p < 0.001) from 0–4 mg/mL treatment at 24 h. The maximal reduction of
MTT (versus control) was 83.93%.

3.2. Trans-epithelial electrical resistance

Four milligram per milliliter of glycinin decreased the TEER after 0, 6, 12 or 24 h
incubation in a time-dependent manner (p = 0.018; Figure 2). TEER value declined
in dose-dependence after 12 or 24 h incubation, respectively (p < 0.001). The
highest concentration of glycinin (4 mg/mL) reduced the TEER to 83.4% of the control
after 24 h.

3.3. Cellular integrity assessed by AP activity

Figure 3 shows that APActivity expanded for 2–4 mg/mL glycinin at 24 h compared with
the control. A significant linear increase of AP activity was detected after the incubation
of 0–4 mg/mL glycinin (R2 = 0.528, p = 0.002) at 24 h.
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3.4. TJ protein expression

After culturing with glycinin, the immunofluorescence signal of the TJ proteins (occludin,
claudin-3, and ZO-1) clearly weakened, and the cellular junction location was obscure
(Figure 4). Seen from Figure 5, the protein expression of occludin, claudin-3, and ZO-1
were reduced versus control by 77.46%, 76.26%, and 53.17%, respectively (p < 0.05).

4. Discussion

The IPEC-J2 cell line, originally derived from native jejunal epithelia isolated from
neonate piglets, was subcultured and used as cell model in the present study. Due to its
similarity with the human gut, the swine intestinal cell model represents a good platform
for the simulation of various human intestinal applications (Lunney, 2007; Nissen,
Chingwaru, Sgorbati, Biavati, & Cencic, 2009; Pipenbaher et al., 2009). Many studies

Figure 2. TEER of IPEC-J2 cells after 0, 6, 12 and 24 h incubation of glycinin. Each bar
represents four independent experiments performed in triplicates ± SD.

Figure 1. Metabolic activity of IPEC-J2 cells after 24 h incubation of glycinin measured by MTT
assay. Each bar represents 3 independent experiments performed in triplicates ± SD. a, b, c, d each
represent two groups for different concentrations which are statistically different from each other.
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have been conducted using IPEC-J2 cell model to investigate the effects of epithelial
barrier function induced by various additives (including soybean allergen β-conglycinin;
Diesing et al., 2011; Lodemann, Einspanier, Scharfen, Martens, & Bondzio, 2013; Zhao

Figure 3. AP activity of IPEC-J2 cells after 72 h incubation of glycinin. Each bar represents four
independent experiments performed in triplicates ± SD. a, b each represent two groups for different
concentrations which are statistically different from each other.

Figure 4. TJ proteins immunofluorescence of IPEC-J2 cells after 24 h incubation of glycinin.
Representative images of immunofluorescence staining (magnification 200×) are shown.
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et al., 2014). This study illustrated the glycinin-induced destruction of the intestinal
permeability and TJ, which provides a basis to reveal the mechanism of soybean allergy.

The chances of soybean allergies are greater along with a rise in the consumption of
various soybean products (Friedman & Brandon, 2001). Soybean protein reduced villus
height, and increased crypt depth, and slow the migration rate and turnover time of
epithelial cells of the small intestine in pigs as animal models owing to soybean-
induced allergy (Dunsford, Knabe, & Hanesly, 1989; Li et al., 1990; Qiao et al., 2003;
Qin et al., 2002). It has been identified that glycinin could lead to the bad enterocyte
apoptosis, proliferation, and migration (Zhao, Qin, Sun, Zhang, & Wang, 2010). The
above findings show that soybean allergens have severely destroyed the intestine. The
intestine, a tubular structure, represents a communication organ between the nutritional
environment and the mammalian metabolism. Meanwhile, its mucosa acts as an
importantly selective barrier for pathogens and toxins, and participates in the innate
immune response (Mariani, Palermo, Fiorentini, Lanubile, & Giuffra, 2009; Pitman &
Blumberg, 2000).

Food allergy such as induced by β-conglycinin and ovalbumin could injure the
intestinal epithelium barrier (André, André, Colin, & Cavagna, 1987; Perrier & Corthésy,
2011; Song et al., 2009; Ventura et al., 2006). The MTT assay, a standard method for the
detection of metabolic activity, indirectly demonstrates the damage of epithelial barrier.
The present study displays that there was the negative correlation between the MTT value
and glycinin levels, suggesting the reduction of cellular activity with the increasing
glycinin. This is accordance with our recent report using β-conglycinin incubation,
another major soybean allergen (Zhao et al., 2014). Xu, Zhou, Wang, and Ai (2010) using
the mouse intestinal epithelial cells as model concluded the same result. In the present
study, the intestinal permeability was amplified by glycinin seen from the TEER
variation. And the AP activity showed a remarkable increase, indicating the destroyed
cellular integrity induced by glycinin, which corresponds to the changed epithelial
permeability. The relevant study of β-conglycinin is similar with our findings (Zhao et al.,
2014). The only difference was the impact degree between the two soybean allergens, and
the change was gentler for glycinin than β-conglycinin. The mechanism of imparity is not
clear yet. The current study shows that the increasing soybean allergens augment the

Figure 5. Western blot of TJ proteins of IPEC-J2 cells after 24 h incubation of glycinin. The
β-actin is housekeeping protein. Representative Western blots from four independent experiments
are shown.
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epithelial permeability after 12 h and 24 h incubation. And the TEER in the treatment of
4 mg/mL glycinin declined notably with the extension of incubation time. The above
results indicated the change was serious with the treatment by higher level and
longer time.

Various stimuli and diseases, leading to degradation, delocalization, or diminished
expression of TJ proteins, can increase the paracellular permeability (Förster, 2008). Food
allergens initially amplify allergen ingestion and translocation through the transcellular
route, and subsequently enlarge the paracellular permeability associated with a disruption
of TJ (Berin et al., 1998; Groschwitz & Hogan, 2009). Relevant studies showed that the
reduction of occluding (Yu et al., 2005) and ZO-1 (Zhao et al., 2011) can enhance the
epithelial permeability. A finding in this study is that the glycinin decreased claudin-3,
occludin, and ZO-1 in IPEC-J2. The result is consistent with our recent report about
β-conglycinin, another important soybean allergen. It also demonstrates that the soybean
destroys the epithelial barrier owing to the reduced TJ expression.

5. Conclusion

The soybean glycinin impaired the mechanical barrier of intestinal epithelium deduced by
increased permeability and reduced TJ expression.
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