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COX        Cyclooxygenase 
Da          Dalton 
EBD     Evans blue dye 
ELISA       Enzyme-linked immunosorbent assay 
EtOH        Ethanol 
FD          Fluorescein isothiocyanate–dextran 
FDEIA       Food-dependent exercise-induced anaphylaxis 
FITC        Fluorescein isothiocyanate 
IL           Interleukin 
IAP          Intestinal alkaline phosphatase 
NSAIDs      Non-steroidal anti-inflammatory drugs 
OVA         Ovalbumin 
PBS         Phosphate buffered saline 
PGs         Prostaglandins 
Th          Helper T cell 
TSLP        Thymic stromal lymphopoietin 
Tween-20    Polyoxyethylene sorbitan monolaurate    
WDEIA      Wheat-dependent exercise-induced anaphylaxis 
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NSAIDs PGs  (COX) 

COX COX-1 COX-2 2

COX-1

 [5,6] COX-2

NSAIDs COX-1 COX-2

Table 1 NSAIDs COX-2

COX-1  [7]  

NSAIDs 1

 ( 1

100 mg)  ( 1 1000 mg) 

 (WDEIA) 

 [8] WDEIA Aihara

WDEIA  [9]  

T

B

Plasma
cell

APC

allergen

allergic
reactions

class switch

sensitization phase elicitation phase

intestinal
tract

APC: antigen presenting cell : IgE
T: T cell  B: B cell

degranulationMast cell

: FcεRⅠ

Fig. 1.  Pathogenesis of IgE-mediated type I allergic reaction 
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NSAIDs 
Clinical dose 

mg/day  

IC50 for COX-1  

 (μM) 

IC50 for COX-2  

 (μM) 

IC50 ratio of 

COX-1/COX-2 
Ref 

Celecoxib 200-400 82 ± 36 6.8 ± 5.4 12 [10] 

Meloxicam 10–15 37 ± 11 6.1 ± 3.8 6.1 [10] 

Diclofenac 75-100 
0.076 ± 0.018 

0.5 ± 0.2 

0.026 ± 0.010 

0.35 ± 0.15 

2.9 

1.42 

[10] 

[11] 

Ibuprofen 600 
12 ± 1 

1.0 ± 0.07 

80 ± 52 

15 ± 5.3 

0.15 

0.06 

[10] 

[11] 

Indomethacin 50-75 
0.0090 ± 0.0012 

0.01 ± 0.001 

0.31 ± 0.20 

0.6 ± 0.08 

0.029 

0.016 

[10] 

[11] 

Aspirin 1000–4500 0.3 ± 0.2 50 ± 10 0.006 [11] 

 

Syk

 [12]

WDEIA

 

Kohno 30 WDEIA

 [13]

COX-1 NSAIDs

 [12,13] COX-1

PGE2

Table 1.  Clinical dose and cyclooxygenase (COX) selectivity of NSAIDs 
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WDEIA

FDEIA 8–12%

2

Fig. 2  [17] 15%

85% 70%

α/β- γ- ω-

ω- ω1,2- ω5- α/β- γ- 60%

ω1,2- ω5- 5

HMW 67–88 kDa LMW 32–35 kDa

 [18]

ω5- WDEIA

WDEIA ω5- 80% HMW- 20%

 [19]  

M
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 14 

kDa pI 11  

[15] OVA  45 kDa pI 4.7

 [20]

 

IgE

 [13]

WDEIA

 [8]

Globulin
(Soluble in salt solution)Wheat proteins

Salt/water-soluble 
proteins

Salt/water-insoluble 
proteins (Gluten)

Albumin
(Soluble in water)

Gliadins (Soluble in 70% ethanol)
α/β-, γ-, ω1,2-, ω5-

Glutenin (Soluble in diluted acid or alkali)
HMW-, LMW-

Fig. 2. Classification of wheat proteins. 
 HMW, high molecular weight; LMW, low molecular weight. 
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1  

 

1-1.  

 

OVA

[18,19]

 

in vitro

Ussing chamber

 

 

1-2.  

100 mg/kg

1 Cmax, 3.23 ± 0.99 ng/mL Fig. 

3A 30 mg/mL Cmax 3 -

AUC0-3 h 8.6 3.23 ± 0.99 ng/mL vs 27.7 ± 7.96 ng/mL, 

P < 0.05 11.3 5.15 ± 0.47 ng-h/mL vs 58.0 ± 16.2 ng-h/mL, P < 0.05
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100 mg/kg

10 Cmax 20.6 ± 10.2 ng/mL Fig. 3B

15 Cmax 19.8 ± 9.5 ng/mL
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Fig. 3. Effect of aspirin on plasma concentrations of gliadin after oral (A) and intra-intestinal loop (B) 

administration in SD rats. Aspirin (30 mg/kg) was administered 30 min before oral or intra-intestinal loop 

administration of gliadin at a dose of 100 mg/kg. Open and closed circles represent the control (vehicle 

alone) and aspirin treatment, respectively. Each value represents the mean ± S.E. of five (A) and seven (B) 

rats. *P < 0.05 with respect to control. In these studies, two rats, a control rat and an aspirin treatment rat, 

were evaluated simultaneously. The oral (A) and intra-intestinal loop (B) administration studies were 

independently performed five and seven times, respectively and we confirmed the results were almost same 

among these independent trials. 
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1-3.  

Fig. 3A

FDA

HED Human Equivalent Dose: 6.2

 [22] 100 mg/kg

16.1 mg/kg 6%  [14]

0.27 g/kg

70–135 g  [8]

30 mg/kg 4.8 mg/kg

500–1,500 mg 50 kg

10–30 mg/kg

30 mg/kg  

0.3 

mg/mL  [23] 100 mg  1 mL

30

flip-flop
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 [23]
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14.3 kDa 32 kDa
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2  

 

2-1.  

 

fluorescein isothiocyanate FITC

FITC

 

 

2-2.  

FITC- Kumagai

0.1 M pH 1.48 474 IU/mL, 5.12 μg/mL 250 μL FITC-

512 μg/mL 250 μL 37℃  [23]

SDS-PAGE 0.1 M α/β- γ- ω1,2-

 (30–50 kDa) 
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ω5- Fig. 4

1

30–50 kDa 25 kDa
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0.75  
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Data not shown FITC-
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20.1

14.4

0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1 (h)
(kDa)

5-gliadin
/ -, -, 1,2-

gliadins

Fig. 4. SDS-PAGE analysis of pepsin-digested gliadin. FITC-gliadin was incubated for 1 h at 37°C in the 

absence [pepsin (-)] or presence [pepsin (+)] of pepsin under acidic conditions (pH 1.5). FITC-gliadin was 

detected using a Fluoroimage Analyzer FLA-7000 after separation by SDS-PAGE. This trial was repeated 

three times independently to confirm the reproducibility. 
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: FD-40

Fig. 5. Effect of aspirin on intestinal absorption of intact (A) or pepsin-digested (B) FITC-gliadin in the in 

situ re-circulating perfusion study. The amount of FITC-gliadin absorbed was assumed to be equivalent to 

the amount eliminated from perfusate. The concentration of aspirin in the perfusate was 3 mg/mL. Open 

and closed circles represent the control (vehicle alone) and aspirin treatment, respectively. Open triangles 

represent absorption of FD-40. Each value represents the mean ± S.E. of four rats. *P < 0.05 and **P < 0.01 

with respect to control. †P < 0.01 with respect to intact FITC-gliadin. In the re-circulating perfusion study, 

five rats, a control and an aspirin treatment rat for intact FITC-gliadin (A), a control and an aspirin treatment 

rat for pepsin-digested FITC-gliadin (B), and a rat for FD-40, were evaluated simultaneously. This 

experiment was independently performed four times and we confirmed results were almost same among 

these independent trials.  
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2.3.  

FITC-

1.7

50–1100 mL 500 mL

3.0 mg/mL

Fig. 5A
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FD-40 FD-40 Fig. 5A

0    1.5    (h)
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MW

Fig. 6. Intactness of FITC-gliadin in the intestinal perfusate. FITC-gliadin intactness in intestinal perfusate, 

obtained at 1.5 h, was analyzed using a Fluoroimage Analyzer FLA-7000 after separation by SDS-PAGE. 
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 [14,15]

COX-1 PG

zonulia occuludien-1 claudin-7  [28] Hamarneh

 (IAP) FD-4 FD-10

 [29] Kaur IAP

 [30]
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3  

 

3.1.  

enzyme-linked immunosorbent assay ELISA ELISA

ELISA

Western blot

Yokooji

 [27] 

 

 

3.2.  

3

70% Western blot

Fig. 7 intact gliadin α/β- γ- ω1,2- 35–50 

kDa ω5- ~60 kDa

17.1 47.1 ng/mL

35–45 kDa

<35 kDa ≥64 kDa
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Fig. 8

 

 

120
90
64
48

36

28

Intact 
gliadin 0 4.2 17.1

Gliadin in plasma (ng/mL)

47.1

Fig. 7. Western blot analysis of gliadin circulating in plasma after oral administration in rats. Aspirin (30 

mg/kg) was administered 30 min before oral administration of gliadin at a dose of 100 mg/kg (Gliadin in 

plasma). The sample “0” was obtained from one rat administered with aspirin and olive oil (vehicle for 

gliadin). Each plasma sample was collected from one (individual) rat used in the four independent oral 

administration studies. As a reference, gliadin was spiked into rat plasma containing no gliadin at a 

concentration of 150 ng/mL (Intact gliadin). Gliadin was extracted with 70% ethanol from plasma 3 h after 

oral gliadin administration. Each gliadin sample was separated by 12.5% SDS-PAGE and blotted onto a 

PVDF membrane. The membrane was incubated with anti-gliadin antibody. Plasma concentrations of 

gliadin were determined by ELISA. Western blot analysis was repeated three times independently to 

confirm the molecular sizes of ingested gliadin. 
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3-3.  

Western blot

65 kDa Fig. 7

t-TG

- [25,26]

t-TG

 

0

ND

47.1

541

Intact
gliadin 17.1

Gliadin in plasma (ng/mL)

Histamine

759Concn of EBD 
(μg/g skin)

266 35

Fig. 8. Allergenicity of gliadin circulating in plasma after oral administration in rats. Aspirin (30 mg/kg) 

was administered 30 min before oral administration of gliadin at a dose of 100 mg/kg (Gliadin in plasma). 

The sample “0” was obtained from one rat administered with aspirin and olive oil (vehicle for gliadin). 

Each plasma sample was collected from individual rat used in the three independent oral administration 

studies. As a reference, gliadin was spiked into rat plasma containing no gliadin at a concentration of 150 

ng/mL (Intact gliadin). Gliadin was extracted with 70% ethanol from plasma 3 h after oral gliadin 

administration. Intact gliadin was spiked into rat plasma containing no gliadin at a concentration of 150 

ng/mL. As a positive control, 100 μL of histamine dissolved in physiologic saline (150 μg/mL) was 

simultaneously injected intradermally. Intradermal reaction test was repeated three times independently to 

confirm the allergenicity. ND represents the value which bellows the detection limit [concentration of Evans 

blue dye (EBD): 1.78 μg/mL] in the assay. 
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2 OVA NSAIDs  

 

1  [1] 56–61%

9–11% OVA

OVA  [31] OVA 45 kDa

OVA

 

1

NSAIDs
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NSAIDs OVA  
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1 OVA  

 

1-1.  

1

OVA

 [20]

1 500–1500 mg

100–300 mg

OVA

OVA

 [32]  

 

1-2.  

  - PBS OVA

OVA 1.5 Cmax 0.81  0.09 ng/mL Fig 

9A OVA 30 30 mg/kg

Cmax 2.3 3 AUC AUC0-3 h 3.4

Table 2 3 mg/kg OVA

Fig. 9A OVA

OVA Fig. 9B

Cmax 2.8 AUC0-3 h 4.0 Table 2

OVA  
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Fig. 9. Effects of aspirin (A) and spermine (B) on plasma concentrations of OVA after oral administration 

in rats. Vehicle alone [phosphate-buffered saline (pH 7.4), Control] or vehicle containing aspirin (Asp, 3 

or 30 mg/kg) was administered 30 min before oral administration of OVA at a dose of 50 mg/kg. 

Spermine (Spm, 20 mg/kg) was orally administered with OVA (50 mg/kg) simultaneously. Each value 

represents the mean ± S.E. of four rats. *P < 0.05 and **P < 0.01 compared with the Control group. 

Table 2. Effects of aspirin and spermine on absorption parameters of OVA after oral administration in rats. 

 Control Aspirin Spermine 

3 mg/kg 30 mg/kg  

Cmax (ng/mL) 0.81  0.09 0.61  0.12 1.85  0.19a 2.23  0.35b 

AUC0–3 h (ng h/mL) 1.14  0.13 1.17  0.14 3.84  0.22b 4.61  0.32b 

Cmax, peak plasma concentration; AUC, area under the plasma concentration–time curve. Vehicle alone 

[phosphate-buffered saline (pH 7.4), Control] or vehicle containing aspirin (3 or 30 mg/kg) was administered 30 

min before oral administration of OVA at a dose of 50 mg/kg. Spermine (20 mg/kg) was orally administered 

with OVA (50 mg/kg) simultaneously. Each value represents the mean ± S.E. of four rats. aP < 0.05, bP < 0.01 

compared with the Control group. 
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1-3.  

500–1500 mg 100–300 mg 1

62–186 mg/kg 12.4–37.2 mg/kg

30 mg/kg 3 mg/kg  

OVA Fig. 9A OVA

ELISA OVA
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OVA OVA

 [20] OVA

 [27] OVA

1

COX-1  [33]  

[34]  [24,34] 
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 [12,13] Louis  [36] Isobe  

[37] COX-1 OVA

COX-1 PG
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OVA Fig. 9B

OVA Sugita

FD  

[32]
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2 OVA NSAIDs  

 

2-1.  

OVA

OVA OVA

IgE IgG1 IgG2a

IgE IgG1 IgG2a

B

IgM IgM IgE IgG IgE

IgG1 Th2 IL-4 IgG2a Th1

-γ IFN-γ  [39] OVA IgE

IgG1 OVA

COX NSAIDs

OVA NSAIDs  

 

2-2.  

OVA 8 OVA IgE 2

Figs. 10A & 11A OVA IgG1 PBS

IgE Figs. 10B & 11B

OVA IgE IgG1 PBS

Figs. 10 8 OVA

IgE Fig. 10A 6 8

OVA IgG1 Fig. 10B

OVA OVA
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OVA

8 OVA IgE IgG1

Fig. 11   

 
 

 

Fig. 10. Effects of aspirin on oral sensitization to OVA in rats. Vehicle alone [phosphate-buffered saline (pH 

7.4), Control] or vehicle containing aspirin (Asp, 3 or 30 mg/kg) was administered 30 min before oral 

administration of OVA at a dose of 50 mg/animal. These oral immunizations were repeated every other day 

for 8 weeks. Plasma levels of OVA-specific IgE (A) and IgG1 (B) Abs in rats were measured by ELISA. 

The optical densities measured at 450 nm in 10-fold- or 30,000-fold-diluted plasma are shown. Bars 

represent the mean values of eight to nine rats. *P < 0.05 compared with the Control group. 
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Fig. 11. Effects of spermine on oral sensitization to OVA in rats. Vehicle alone [phosphate-buffered saline 

(pH 7.4), Control] was administered 30 min before oral administration of OVA at a dose of 50 mg/animal. 

Spermine (Spm, 5 mg) was orally administered with OVA (50 mg/kg) simultaneously. These oral 

immunizations were repeated every other day for 8 weeks. Plasma levels of OVA-specific IgE (A) and IgG1 

(B) Abs in rats were measured by ELISA. The optical densities measured at 450 nm in 10-fold- or 30,000-

fold-diluted plasma are shown. Bars represent the mean values of six to eight rats. 
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Fig. 12. Effects of various NSAIDs on oral sensitization to OVA in rats. Vehicle alone [phosphate-buffered 

saline (pH 7.4), Control] or vehicle containing diclofenac (Dic, 1.5 mg/kg), indomethacin (Ind, 3 mg/kg), 

or meloxicam (Mel, 0.3 mg/kg) was administered 30 min before oral administration of OVA at a dose of 50 

mg/animal. These oral immunizations were repeated every other day for 8 weeks. Levels of OVA-specific 

IgE (A) and IgG1 (B) Abs in the plasma of rats were measured by ELISA. The optical densities measured 

at 450 nm in 10-fold- or 30,000-fold-diluted plasma are shown. Bars represent the mean values of six to 

fourteen rats. *P < 0.05 and **P < 0.01 with respect to the Control group. 
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OVA Fig. 9
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OVA  

COX-1 OVA

COX-1 COX

NSAIDs Table 1

COX COX-1

COX-2

OVA IgE 
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NSAIDs OVA COX-1

 

COX-1

OVA COX-1

Dhuban CD4+T

IL-17 CD4+T Th17  [40]

Moon T Th17 IL-

17  [41] Boniface PGE2 Th17

 [42]

COX-1 PG Th17

OVA IL-17 thymic stromal 

lymphopoietin TSLP IL-33 IL-25 Th2

 [42,43]
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 [44,45]

OVA

LTs LTB4 LTC4

LTs IL-33

 [47] COX

OVA

 

1 25–50 mg 1 25–37.5 mg

1 10–15 mg 1

3.1–6.2 mg/kg 3.1–4.65 mg/kg 1.24–1.86 mg/kg

1.5 mg/kg 3 mg/kg

0.3 mg/kg
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3 OVA NSAIDs  
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Fig. 13. Effects of various NSAIDs on percutaneous sensitization to OVA in rats. Vehicle alone [phosphate-

buffered saline (pH 7.4), Control] or vehicle containing aspirin (Asp, 30 mg/kg), diclofenac (Dic, 1.5 

mg/kg), indomethacin (Ind, 3 mg/kg), or meloxicam (Mel, 0.3 mg/kg) was administered 30 min before 

percutaneous administration of OVA at a dose of 1 mg/animal. These percutaneous immunizations were 

repeated every other day for 4 weeks. Levels of OVA-specific IgE (A) and IgG1 (B) Abs in the plasma of 

rats were measured by ELISA. The optical densities measured at 450 nm in 50-fold- or 30,000-fold-diluted 

plasma are shown. Bars represent the mean values of four to twelve rats. 
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OVA NSAIDs 30 mg/kg
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1. 1  

1.1.   

FITC FD-40 Sigma–Aldrich

BYA2520-1 HRP

IgG ALI3404  Accurate Chemical and Scientific  BioSource International

Imject® Alum Thermo Fisher Scientific

 

 

1.2.  

7–8 Sprague-Dawley SD

MF, 

12 23 50%

1

A16-138  

 

1.3.  

30 mg/kg

PE-50 PBS pH 7.4; 1.5 mM KH2PO4, 

8 mM Na2HPO4, 137 mM NaCl, 2.7 mM KCl, 5 mM , 1.0 mM CaCl2, 0.5 mM MgCl2

PBS 30 mg/mL 1 mL/kg

30 100 mg/mL 1 mL/kg
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0 15 30 60 90 120 180 3 250 μL

0 3

KUBOTA , 

: RA-57J 20 10,000 rpm 10

-30℃  

 

1.4.  

30 mg/kg PE-50

10 cm

20 cm 37℃

PBS pH7.4 PBS 30 mg/mL

1 mL/kg 30

100 mg/mL 1 mL/kg

1 0 5 10 15 30 60

250 μL 0

37℃ 1.3

-30℃  

 

1.5. ELISA  

FASPEK

Ⅱ

63.9%

II 2

100 μL 1 200 μL 6
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100 μL 30

6 100 μL 10

100 μL 450 nm 0.78–50 ng/mL

 

 

1.6. FITC  

FITC Yokooji  [15] 200 mg

20 mL 0.1 M pH 9.0 20 mL 10 3,000×g

0.1 M

FITC 2 mg 2 0.1 M pH 7.5

SPECTRUMLABS, 3.5 kDa-

4℃ FITC 1

2 500

100 mL

SDS-PAGE α/β- γ- ω1,2- ~30–50 kDa

CBB

Typhoon FLA-7000, GE Healthcare  FITC-

-30℃  

 

1.7. FITC-  

Kumagai Bodinier [23],[52] 0.1 M

pH 1.5 FITC- 512 μg/mL 250 μL

0.1 M 474 IU/mL, 5.12 μg/mL 250 μL

37℃ 0 15 30 45 60

1 M NaOH 50 μL 1 M NaOH

FITC- 0 FITC-
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1.6 SDS-PAGE 0.75

FITC-

-30℃  

 

1.8.  

30 mg/kg

37℃

10 cm 20 cm 37℃

37℃

PBS pH 6.5; 6.3 mM NaH2PO4, 20.4 mM Na2HPO4, 129 mM NaCl, 1.5 mM KCl, 14 mM , 1.0 

mM CaCl2 37℃ PBS 3 mg/mL 10 mL

2.0 mL/min 15

0.25%

PBS FITC- 12.8 μg/mL

0.25% PBS 3 mg/mL

FITC- 12.8 μg/mL 10 mL 2.0 mL/min

0 15, 30, 60 90 15 mL 0.1 mL

96 0.25 M NaOH 0.1 

mL 0 FITC-

FITC-

Microplate Fluorometer PerkinElmer 500 nm 520 nm

FD-40 0.4 μM FITC-  

 

1.9. Western blot  
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1.3 2.5 mL 0.5 mL 7 mL 1

20℃ 5 20,000×g

5%(w/v) 2- 0.1 

mL 15 μL 12.5%

PVDF 1000

30,000 HRP IgG Western blot

WesternLightning®Ultra, PerkinElmer LAS-

4000mini GE Healthcare   

 

1.10.  

[27] 5 mM -

1 mg/mL Imject®Alum 10 mg Al(OH)3, 10 mg Mg(OH)2

1 mL 1 6 6 200 

μL ELISA IgE

IgE

6 IgE 450 nm 0.00 ± 0.00 0.06 

± 0.01 Thrive 2100; 

24 30 mg/kg

PE-50 150 ng/mL

1.3 30 μL 1.9

17.5 mM 150 μL 100 

μL 30 5 mg

100 μL 150 μg/mL

30

4 mm , 
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0.1 g 20°C 24 5 

mL 0.1 g 60℃

24 Multiskan GO Thermo Fisher Scientific

620 nm μg/g

 

 

1.11.  

 ± SE Kruskal-Wallis ANOVA

2 Student t

post hoc Tukey P < 0.05  

 

2. 2  

2.1.   

OVA grade V Sigma–Aldrich

Imject® Alum Thermo Fisher Scientific IgE

MARE-1 HRP IgE MARE-1 HRP IgG1

 GeneTex Bethyl Laboratories

 

 

2.2.  

4 Brown Norway BN

1.2

A16-44-3  

 

2.3. OVA  



50 
 

30 mg/kg PE-50

PBS pH 7.4 PBS

3 30 mg/mL 1 mL/kg 30

PBS OVA 50 mg/mL 1 mL/kg

 (20 mg/mL) OVA (50 mg/mL) PBS 1.0 mL/kg

OVA OVA

0 15 30 60 90 120 180 3 250 μL

0 OVA

20 10,000 rpm 10

-30℃  

 

2.4. ELISA OVA  

OVA FASPEK

II 2 100 μL 1

200 μL 6 100 μL

30 6

100 μL 10 100 μL 450 nm

OVA 2.2 556 ng/mL AUC0–3 h

 

 

2.5. OVA  

OVA Proust  [53] OVA

3 mg/mL 30 mg/mL  

1.5 mg/mL 3 mg/mL 0.3 mg/mL

PBS pH 7.4 OVA 250 mg/mL PBS

PBS NSAIDs
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1 mL/kg PBS NSAIDs 30

OVA 1 0.2 mL 25 mg/mL

OVA 250 mg/mL  PBS 0.2 mL

3 OVA 2 OVA 0 2 4 6

8 300 μL 0 OVA

2.3 OVA

-30℃  

 

2.6. OVA  

OVA IgE IgG1 ELISA 96

F8 MaxiSorp loose Nunc-Immuno™ Modules, Thermo Fisher Scientific PBS pH 7.4

OVA 100 μL IgE , 10 μg/mL; IgG1 , 1 μg/mL 4℃

0.1% Tween 20 PBS PBS-T 200 μL 6 1% DS

2 PBS-T 200 μL 6

1% IgE , 1:10; IgG1 , 1:30,000 100 μL

2 PBS-T 200 μL 6

1,000 HRP IgE MARE-1 100,000 HRP

IgG1 2 IgE 1 IgG1

PBS-T 200 μL 6 3,3’,5,5’-tetramethylbenzidine

TMB KPL 30 IgE 20 IgG1

1 M Multiskan GO Thermo Fisher Scientific 450 nm

 

 

2.6. OVA  

Thrive 2100 10
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30 mg/mL 1.5 mg/mL 3 mg/mL 0.3 mg/mL PBS pH 7.4

24 PBS NSAIDs 1 mL/kg

30 0.5%SDS OVA (20 mg/mL) 50 μL 3

OVA 1 4 300 μL

0 OVA 2.3.

OVA -30℃  

 

2.7. OVA  

OVA IgG1 2.5 OVA

Biotin Labeling Kit-NH2, Dojindo

OVA IgE 96 F8 MaxiSorp loose Nunc-Immuno™ 

Modules 1 μg/mL PBS pH 7.4 IgE MARE-

1 100 μL 4℃ PBS-T 200 μL 6 1%

1 PBS-T 200 μL 6 1%

500 OVA 100 μL 1

PBS-T 200 μL 6 1% 5,000 streptavidin-

HRP GeneTex 100 μL 1 PBS-T 200 μL 6

TMB 20 1 M

Multiskan GO Thermo Fisher Scientific 450 nm  

 

2.8.  

 ± SE Kruskal-Wallis ANOVA

2 Student t

post hoc Tukey Scheffe's F test P < 0.05

 

  



53 
 

 

 

 

1. Takahiro Fukushima Tomoharu Yokooji Taiki Hirano Yuta Kataoka  Takanori 
Taogoshi Hiroaki Matsuo : Aspirin enhances sensitization to the egg-white allergen 
ovalbumin in rats. PLOS ONE, 14(12):e0226165, 2019. 

2. Tomoharu Yokooji Takahiro Fukushima Koh Hamura Naoki Ninomiya Ryo Ohashi
Takanori Taogoshi Hiroaki Matsuo : Intestinal absorption of the wheat allergen gliadin in 
rats. Allergology International, 68(2):247-253, 2019. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



54 
 

 

 

1.  Ebisawa M, Ito K, Fujisawa T. Japanese guidelines for food allergy 2017. Allergol Int. Elsevier B.V; 
2017;66: 248–264. doi:10.1016/j.alit.2017.02.001 

2.  Sampson HA. Food allergy. Part 1: Immunopathogenesis and clinical disorders. J Allergy Clin 
Immunol. 1999;103: 717–728. doi:10.1016/s0091-6749(99)70411-2 

3.  Venter C, Pereira B, Voigt K, Grundy J, Clayton CB, Higgins B, et al. Prevalence and cumulative 
incidence of food hypersensitivity in the first 3 years of life. Allergy Eur J Allergy Clin Immunol. 
2008;63: 354–359. doi:10.1111/j.1398-9995.2007.01570.x 

4.  Aihara Y. Food-dependent Exercise-Induced Anaphylaxis. Arerugi. 2007;56: 451–6.  
5.  Boyano Martínez T, García-Ara C, Díaz-Pena JM, Muñoz FM, García Sánchez G, Esteban MM. 

Validity of Specific IgE Antibodies in Children With Egg Allergy. Clin Exp Allergy. 2001;31: 1464–
9. doi:10.1046/j.1365-2222.2001.01175.x 

6.  Dubois RN, Abramson SB, Crofford L, Gupta RA, Simon LS, Putte LB Van De, et al. 
Cyclooxygenase in Biology and Disease. FASEB J. 1998;12: 1063–73.  

7.  Kawai S. Cyclooxygenase selectivity and the risk of gastro-intestinal complications of various non-
steroidal anti-inflammatory drugs: A clinical consideration. Inflammation Research. 1998. 
doi:10.1007/s000110050291 

8.  Matsuo H, Morimoto K, Akaki T, Kaneko S, Kusatake K, Kuroda T, et al. Exercise and aspirin 
increase levels of circulating gliadin peptides in patients with wheat-dependent exercise-induced 
anaphylaxis. Clin Exp Allergy. 2005;35: 461–466. doi:10.1111/j.1365-2222.2005.02213.x 

9.  Aihara M, Miyazawa M, Osuna H, Tsubaki K, Ikebe T, Aihara Y, et al. Food-dependent exercise-
induced anaphylaxis: Influence of concurrent aspirin administration on skin testing and provocation. 
Br J Dermatol. 2002;146: 466–472. doi:10.1046/j.1365-2133.2002.04601.x 

10.  Kato M, Nishida S, Kitasato H, Sakata N, Kawai S. Cyclooxygenase-1 and cyclooxygenase-2 
selectivity of non-steroidal anti-inflammatory drugs : investigation using human peripheral 
monocytes. J Pharm Pharmacol. 2001; 1679–1685. doi:10.1211/0022357011778070 

11.  Mitchell JA, Akarasereenont P, Thiemermann C, Flower RJ, Vane JR. Selectivity of nonsteroidal 
antiinflammatory drugs as inhibitors of constitutive and inducible cyclooxygenase. 1994;90: 11693–
11697.  

12.  Matsuo H, Yokooji T, Morita H, Ooi M, Urata K, Ishii K, et al. Aspirin Augments IgE-Mediated 
Histamine Release from Human Peripheral Basophils via Syk Kinase Activation. Allergol Int. 
Elsevier Masson SAS; 2013;62: 503–511. doi:10.2332/allergolint.13-OA-0536 

13.  Kohno K, Matsuo H, Takahashi H, Niihara H, Chinuki Y, Kaneko S, et al. Serum gliadin monitoring 
extracts patients with false negative results in challenge tests for the diagnosis of wheat-dependent 
exercise-induced anaphylaxis. Allergol Int. Elsevier Masson SAS; 2013;62: 229–238. 
doi:10.2332/allergolint.12-OA-0495 



55 
 

14.  Matsuo H, Kaneko S, Tsujino Y, Kohno K, Takahashi H, Mihara S, et al. Effects of non-steroidal 
anti-inflammatory drugs (NSAIDs) on serum allergen levels after wheat ingestion. J Dermatol Sci. 
2009;53: 241–243.  

15.  Yokooji T, Hamura K, Matsuo H. Intestinal absorption of lysozyme, an egg-white allergen, in rats: 
Kinetics and effect of NSAIDs. Biochem Biophys Res Commun. Elsevier Inc.; 2013;438: 61–65. 
doi:10.1016/j.bbrc.2013.07.024 

16.  Perrier C, Thierry AC, Mercenier A, Corthésy B. Allergen-specific antibody and cytokine responses, 
mast cell reactivity and intestinal permeability upon oral challenge of sensitized and tolerized mice. 
Clin Exp Allergy. 2010;40: 153–162. doi:10.1111/j.1365-2222.2009.03329.x 

17.  Tatham AS, Shewry PR. Allergens to Wheat and Related Cereals. Clin Exp Allergy. 2008;38: 1712–
26. doi:10.1111/j.1365-2222.2008.03101.x 

18.  Köhler P, Belitz HD, Wieser H. Disulphide Bonds in Wheat Gluten: Further Cystine Peptides From 
High Molecular Weight (HMW) and Low Molecular Weight (LMW) Subunits of Glutenin and From 
Gamma-Gliadins. Z Leb Unters Forsch. 1993;196: 239–247.  

19.  Morita E, Matsuo H, Mihara S, Morimoto K, Savage AWJ, Tatham AS. Fast Omega-Gliadin Is a 
Major Allergen in Wheat-Dependent Exercise-Induced Anaphylaxis. J Dermatol Sci. 2003;33: 99–
104.  

20.  Yokooji T, Nouma H, Matsuo H. Characterization of Ovalbumin Absorption Pathways in the Rat 
Intestine, Including the Effects of Aspirin. Biol Pharm Bull. 2014;37: 1359–1365. 
doi:10.1248/bpb.b14-00290 

21.  Takano M, Koyama Y, Nishikawa H, Murakami T, Yumoto R. Segment-selective absorption of 
lysozyme in the intestine. Eur J Pharmacol. 2004;502: 149–155. doi:10.1016/j.ejphar.2004.08.041 

22.  Services H. Guidance for Industry: Estimating the maxumum SSD in Initiql Clinical Trials for 
Therapeutics in Adult Healthy Volunteers. 2005; doi:10.1089/blr.2006.25.697 

23.  Kumagai H, Suda A, Sakurai H, Kumagai H, Arai S, Inomata N, et al. Improvement of digestibility, 
reduction in allergenicity, and induction of oral tolerance of wheat gliadin by deamidation. Biosci 
Biotechnol Biochem. 2007;71: 977–985. doi:10.1271/bbb.60645 

24.  Kaur L, Rutherfurd SM, Moughan PJ, Drummond L, Boland MJ. Actinidin Enhances Gastric Protein 
Digestion As Assessed Using an in Vitro Gastric Digestion Model. J Agric Food Chem. 2010;58: 
5068–73.  

25.  Palosuo K, Varjonen E, Nurkkala J, Kalkkinen N, Harvima R, Reunala T, et al. Transglutaminase-
mediated cross-linking of a peptic fraction of ω-5 gliadin enhances IgE reactivity in wheat-dependent, 
exercise-induced anaphylaxis. J Allergy Clin Immunol. 2003;111: 1386–1392. 
doi:10.1067/mai.2003.1498 

26.  Nakamura R, Nakamura R, Sakai S, Adachi R, Hachisuka A, Urisu A, et al. Tissue transglutaminase 
generates deamidated epitopes on gluten, increasing reactivity with hydrolyzed wheat protein–
sensitized IgE. J Allergy Clin Immunol. 2013;132: 1436-1438.e4. doi:10.1016/j.jaci.2013.07.017 

27.  Yokooji T, Matsuo H. Sodium cromoglycate prevents exacerbation of IgE-mediated food-allergic 
reaction induced by aspirin in a rat model of egg allergy. Int Arch Allergy Immunol. 2015; 



56 
 

doi:10.1159/000437328 
28.  Oshima T, Miwa H, Joh T. Aspirin induces gastric epithelial barrier dysfunction by activating p38 

MAPK via claudin-7. Am J Physiol - Cell Physiol. 2008;295: 800–806. 
doi:10.1152/ajpcell.00157.2008 

29.  Hamarneh SR, Mohamed MMR, P.Economopoulos K, Morrison SA, Phupitakphol T. A Novel 
Approach to Maintain Gut Mucosal Integrity Using an Oral Enzyme Supplement. 2016;260: 706–
715. doi:10.1097/SLA.0000000000000916.A 

30.  Kaur G, Kaur J, Mittal N, Sanyal SN. The effect of prostaglandin synthase inhibitor, aspirin on the rat 
intestinal membrane structure and function. Nutr Hosp. 2010;25: 290–298. 
doi:10.3305/nh.2010.25.2.4598 

31.  Burley RW, Vadehra D V. The Avian Egg: Chemistry and Biology. 1989.  
32.  Sugita Y, Takao K, Toyama Y, Shirahata A. Enhancement of intestinal absorption of macromolecules 

by spermine in rats. Amino Acids. 2007;33: 253–260. doi:10.1007/s00726-007-0532-1 
33.  Makau L, Mark F. Age-related reductions in gastric mucosal prostaglandin levels increase 

susceptibility to aspirin-induced injury in rats. Gastroenterology. 1994;107: 1746–1750.  
34.  Naito Y, Yoshikawa T, Yagi N, Matsuyama K, Yoshida N, Seto K, et al. Effects of polaprezinc on 

lipid peroxidation, neutrophil accumulation, and TNF-alpha expression in rats with aspirin-induced 
gastric mucosal injury. Dig Dis Sci. 2001;46: 845–851.  

35.  Suzuki T, Yoshida N, Nakabe N, Isozaki Y, Kajikawa H, Takagi T, et al. Prophylactic effect of 
rebamipide on aspirin-induced gastric lesions and disruption of tight junctional protein zonula 
occludens-1 distribution. J Pharmacol Sci. Elsevier B.V.; 2008;106: 469–477. 
doi:10.1254/jphs.FP0071422 

36.  Louis E, Franchimont D, Deprez M, Lamproye A, Schaaf N, Mahieu P, et al. Decrease in Systemic 
Tolerance to Fed Ovalbumin in Indomethacin-Treated Mice. Int Arch Allergy Immunol. 1996;109: 
21–27.  

37.  Isobe N, Suzuki M, Oda M, Tanabe S. Enzyme-Modified Cheese Exerts Inhibitory Effects on 
Allergen Permeation in Rats Suffering from Indomethacin-Induced Intestinal Inflammation. Biosci 
Biotechnol Biochem. 2008; doi:10.1271/bbb.80042 

38.  Sugita Y, Takao K, Sugino Y, Kuwabara R, Shirahata A. Enhancement of gastrointestinal absorption 
of ovalbumin caused by spermine induces an increase in plasma histamine levels in mice sensitized to 
ovalbumin. Biol Pharm Bull. 2011;34: 415–9. doi:10.1248/bpb.34.415 

39.  Kaplan C, Valdez JC, Chandrasekaran R, Eibel H, Mikecz K, Glant TT, et al. Th1 and Th2 cytokines 
regulate proteoglycan-specific autoantibody isotypes and arthritis. Arthritis Res. 2002;4: 54–58. 
doi:10.1186/ar383 

40.  Dhuban K Bin, D’Hennezel E, Ben-Shoshan M, McCusker C, Clarke A, Fiset P, et al. Altered T 
helper 17 responses in children with food allergy. Int Arch Allergy Immunol. 2013; 
doi:10.1159/000354028 

41.  Moon HG, Kang CS, Choi JP, Choi DS, Choi H Il, Choi YW, et al. Acetyl salicylic acid inhibits 
Th17 airway inflammation via blockade of IL-6 and IL-17 positive feedback. Exp Mol Med. 2013;45. 



57 
 

doi:10.1038/emm.2013.10 
42.  Boniface K, Bak-Jensen KS, Li Y, Blumenschein WM, McGeachy MJ, McClanahan TK, et al. 

Prostaglandin E2 regulates Th17 cell differentiation and function through cyclic AMP and EP2/EP4 
receptor signaling. J Exp Med. 2009;206: 535–548. doi:10.1084/jem.20082293 

43.  Demehri S, Morimoto M, Holtzman MJ, Kopan R. Skin-derived TSLP triggers progression from 
epidermal-barrier defects to asthma. PLoS Biol. 2009; doi:10.1371/journal.pbio.1000067 

44.  Magdalena P-G, Patrycja N-G, Małgorzata P, Rafał K. The effect of 1,25-dihydroxyvitamin D3 on 
TSLP, IL-33 and IL-25 expression in respiratory epithelium. Eur Cytokine Netw. 2016;27: 54–62.  

45.  Yu HS, Angkasekwinai P, Chang SH, Chung Y, Dong C. Protease allergens induce the expression of 
IL-25 via Erk and p38 MAPK pathway. J Korean Med Sci. 2010; doi:10.3346/jkms.2010.25.6.829 

46.  Varricchi G, Pecoraro A, Marone G, Criscuolo G, Spadaro G, Genovese A, et al. Thymic stromal 
lymphopoietin isoforms, inflammatory disorders, and cancer. Frontiers in Immunology. 2018. 
doi:10.3389/fimmu.2018.01595 

47.  Lund SJ, Portillo A, Cavagnero K, Baum RE, Naji LH, Badrani JH, et al. Leukotriene C4 Potentiates 
IL-33–Induced Group 2 Innate Lymphoid Cell Activation and Lung Inflammation. J Immunol. 
2017;199: 1096–1104. doi:10.4049/jimmunol.1601569 

48.  Lack G. Epidemiologic risks for food allergy. J Allergy Clin Immunol. 2008;121: 1331–1336. 
doi:10.1016/j.jaci.2008.04.032 

49.  Du Toit G, Katz Y, Sasieni P, Mesher D, Maleki SJ, Fisher HR, et al. Early consumption of peanuts 
in infancy is associated with a low prevalence of peanut allergy. J Allergy Clin Immunol. Elsevier 
Ltd; 2008;122: 984–991. doi:10.1016/j.jaci.2008.08.039 

50.  Flohr C, Perkin M, Logan K, Marrs T, Radulovic S, Campbell LE, et al. Atopic dermatitis and disease 
severity are the main risk factors for food sensitization in exclusively breastfed infants. J Invest 
Dermatol. Elsevier Masson SAS; 2014;134: 345–350. doi:10.1038/jid.2013.298 

51.  Kuo IH, Carpenter-Mendini A, Yoshida T, McGirt LY, Ivanov AI, Barnes KC, et al. Activation of 
epidermal toll-like receptor 2 enhances tight junction function: Implications for atopic dermatitis and 
skin barrier repair. J Invest Dermatol. Elsevier Masson SAS; 2013;133: 988–998. 
doi:10.1038/jid.2012.437 

52.  Bodinier M, Legoux MA, Pineau F, Triballeau S, Segain JP, Brossard C, et al. Intestinal translocation 
capabilities of wheat allergens using the Caco-2 cell line. J Agric Food Chem. 2007;55: 4576–4583. 
doi:10.1021/jf070187e 

53.  Barbara P, Catherine A, Sandrine J, Virginie O, Erwan M, Oliver R, et al. A single oral sensiuzauon 
to peanut without adjuvant leads to anaphylaxis in mice. 2008. doi:10.1159/000115889 

 
 


