
 
 

 

 

 

 

 

ω5-  

 

 

 

 

 

 

 

 

 

 

 

29   

  



 
 

 
  ............................................................................................................................................................ 1 
  ............................................................................................................................................................ 8 
1 1BS-18H ω5-  ................................ 8 

1 1BS-18H  ................................................................................ 9 

1-1.   .............................................................................................................................................. 9 
1-2.   .............................................................................................................................................. 9 
1-3.   ............................................................................................................................................ 10 
2 OVA  ................................................. 12 

2-1.   ............................................................................................................................................ 12 
2-2.   ............................................................................................................................................ 12 
2-3.   ............................................................................................................................................ 13 
3 1BS-18H  ...................................................................................... 15 

3-1.   ............................................................................................................................................ 15 
3-2.   ............................................................................................................................................ 15 
3-3.   ............................................................................................................................................ 17 
4 1BS-18H ω5-  ....................................................................... 19 

4-1.   ............................................................................................................................................ 19 
4-2.   ............................................................................................................................................ 19 
4-3.   ............................................................................................................................................ 20 
5  ..................................................................................................................................................... 23 

2 1BS-18H OT  ........................................................................ 25 
1 OVA OT  .................................................................................. 26 

1-1.   ............................................................................................................................................ 26 
1-2.   ............................................................................................................................................ 26 
1-3.   ............................................................................................................................................ 28 
2 OT  ........................................................................... 30 

2-1.   ............................................................................................................................................ 30 
2-2.   ............................................................................................................................................ 30 
2-3.   ............................................................................................................................................ 32 
3 1BS-18H OT  ....................................................................................... 34 

3-1.   ............................................................................................................................................ 34 
3-2.   ............................................................................................................................................ 34 
3-3.   ............................................................................................................................................ 35 
4 1BS-18H ω5- OT  ............................................................................ 37 

4-1.   ............................................................................................................................................ 37 
4-2.   ............................................................................................................................................ 37 
4-3.   ............................................................................................................................................ 38 



 
 

4  ........................................................................................................................................ 41 
  .......................................................................................................................................................... 43 

 ................................................................................................................................................... 45 
 ................................................................................................................................................... 53 
 ................................................................................................................................................... 54 

  .......................................................................................................................................................... 60 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
BN Brown-Norway 
Da dalton 
ELISA  Enzyme-linked immunosorbent assay 
HRP horseradish peroxidase 
IL Interleukin 
Ig immunoglobulin 
O.D. optical density 
OT oral tolerance 
OVA Ovalbumin 
PBS phosphate buffered saline 
PBS-T phosphate buffered saline, Tween-20 
PVDF Polyvinyl 
QOL quality of life 
SDS sodium dodecyl sulfate 
TBS Tris-buffered saline 
TBS-T Tris-buffered saline, Tween 20 
TEMED N,N,N’,N’-tetramethylethylenediamine 
TMB 3,3’,5,5’-tetramethylbenzidine 
Th          Helper T cell 
Treg regulatory T cell 
Tris Tris (hydroxymethyl) aminomethane 
Tween-20 Polyoxyethylene sorbitan monolaurate 
WDEIA Wheat-dependent exercise-induced anaphylaxis 
1BS-18H ω5-gliadin deficient Hokushin wheat 
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Fig. 1. Causative foods of immediate-type food allergy [1]. 
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Fig. 2. Classification of wheat proteins and gluten components.
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Fig. 3.  Dual-allergen-exposure hypothesis for pathogenesis of food allergy. 
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Fig. 4. Scheme of 1BS-18H production by repeated backcrossing of 1BS-18 line with Hokushin wheat.
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(1BS-18) Hokushin

[30] 1BS-18H ω5- ω5- IgE
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[31–33]  

1BS-18H ω5-

OVA in vivo
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1 1BS-18H 5-  

 

1-1.  

ω5- IgE ELISA 1BS-18H ω5-

1BS-18H Hokushin

[35] 1BS-18H ω5-

1B ω5-

ELISA ω5-

 

ELISA

1BS-18H

ω5- ω5- IgE

 

 

1-2.  

Hokushin 1BS-18H SDS-PAGE

ω5- Fig. 5

Hokushin 1BS-18H α/β- γ- ω1,2-

35–50 kDa Hokushin

ω5- ~60 kDa

1BS-18H ω5-

1BS-18H Hokushin ω5-

1BS-18H ω5-
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1-3.  

1BS-18H ω5-

1BS-18H ω5-

1.21 mg/g Hokushin 5.17 mg/g ELISA [35]

ω5- 3 IgE QQIPQQ QQFPQQQ QQSPEQQ

KQQSPEQQQFPQQQIPQQQ ω5- [30]

Cassidy ω5- ω5- IgE QX1PX2QQ

X1 : L, F, S or I ; X2 : Q, E or G

[36] ELISA ω5- ω5-

Fig. 5 ELISA

1BS-18H ω5- ω5-

Altenbach 1B

ω5- 1D ω5-

Fig. 5. Western blot analysis of the gluten from two wheat cultivars. Gluten (10 μg) from Hokushin (lane 

1) and 1BS-18H wheat (lane 2) was separated by SDS-PAGE and blotted onto a PVDF membrane. The 

membrane was incubated with anti-gliadin Abs and anti-ω5-gliadin Abs. For CBB staining, 25 μg of each 

gluten was loaded onto the gel. 
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2 OVA  

 

2-1.  

1 1BS-18H 1B ω5-

1BS-18H ω5-

ω5- IgE 1BS-18H

ω5- IgE 1BS-18H

1BS-18H

1BS-18H IgE

ω5-

 

[1]

1

56–61% 9–11% OVA

OVA

OVA 45 kDa

OVA

OVA

OVA

OVA

OVA  

 

2-2.  

4 Brown Norway BN OVA Imject ®Alum 1 4–8

OVA 4–8 OVA IgE

OVA IgE OVA
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IgE Table 1 OVA Alum

OVA OVA

OVA OVA IgE

OVA OVA

OVA OVA

Fig. 6 OVA

OVA

OVA

 

 

2-3.  

OVA

 

[37]

IgE

Each value represents the mean ± SEM of five rats. **P < 0.01: significantly different from unsensitized rats.  

 

Table 1. Plasma levels of IgE Abs specific for OVA in rats. 
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PAF

Strait BALB/c

PAF PAF

[38]

PAF  

OVA OVA

OVA

OVA

 

  

Fig 6. Changes in rectal temperature after intravenous administration of ovalbumin (OVA) in unsensitized 

or OVA-sensitized rats. Vehicle alone (1 ml/kg) or OVA (10 mg/kg) was challenged intravenously. Each 

value represents the mean ± SEM for five rats. *P < 0.05, **P < 0.01: significantly different from unsensitized 

rats. ††P < 0.01: significantly different from vehicle-challenged rats sensitized with OVA. 
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3 1BS-18H  

 

3-1.  

OVA BN

ω5- OVA

OVA ω5- ω5-

ω5- 1BS-18H

1BS-18H ω5-

1BS-18H Hokushin  

 

3-2.  

4 BN ω5- Imject®Alum 1 8 ω5-

ELISA ω5- IgE

ω5- ω5- IgE

Table 2 ω5- 1BS-18H

ω5- ω5-

Hokushin Hokushin 1BS-18H 1BS-18H

4 ω5-

IgE ω5-

ω5- ω5-

Each value represents the mean ± SEM of five rats.  

Table 2. Plasma levels of IgE Abs specific for ω5-gliadin in rats. 
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Fig. 7A OVA ω5-

ω5- 1BS-18H

ω5- Hokushin ω5-

Fig. 

7B 1BS-18H

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7. Changes in rectal temperature after intravenous administration of ω5-gliadin (A) or gluten from 

Hokushin wheat or 1BS-18H wheat (B) in unsensitized or ω5-gliadin-sensitized rats. Vehicle alone (1 

ml/kg), ω5-gliadin (10 mg/kg), Hokushin gluten (10 mg/kg) or 1BS-18H gluten (10 mg/kg) was challenged 

intravenously. Each value represents the mean ± SEM for five rats. *P < 0.05, **P < 0.01: significantly 

different from unsensitized rats. †P < 0.05, ††P < 0.01: significantly different from vehicle-challenged rats 

sensitized with ω5-gliadin. #P < 0.05, ##P < 0.01: significantly different from Hokushin gluten-challenged 

rats sensitized with ω5-gliadin.  

A B 
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3-3.  
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4 1BS-18H ω5-  

 

4-1.  

3 1BS-18H ω5-
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ω5-

ω5- WDEIA
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4-2.  
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ω5-
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4-3.  

1BS-18H ω5-

1BS-18H Hokushin ω5-

IgE Table 3 Hokushin

Fig. 8. Changes in rectal temperature after intravenous administration of ω5-gliadin in unsensitized rats or 

rats sensitized with gluten from Hokushin or 1BS-18 wheat. ω5-gliadin (10 mg/kg) was challenged 

intravenously to unsensitized rats or rats sensitized with gluten from Hokushin or 1BS-18 wheat. Each 

value represents the mean ± SEM for five rats. *P < 0.05, **P < 0.01: significantly different from 

unsensitized rats.  

Each value represents the mean ± SEM of five rats.  

Table 3. Plasma levels of IgE Abs specific for ω5-gliadin in rats. 
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1 OVA OT  

 

1-1.  

OT

OVA OT  

OT Paula-silva Hammershimidt-Kamper OVA

OT [43,44] OVA

OT β- OT

[45,46] Kumagai

[27]

Kumagai

OVA OT  

 

1-2.  
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OVA ELISA MF

MF OVA MF OVA 7.09 μg/g

6.43 μg/g MF OVA 59.3 

μg/g MF
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OVA OT
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OT 3 OVA IgE IgG1 Fig. 

9 OVA OT 3 OVA IgE IgG1

OT  

OT OVA OT

OVA OT

Fig. 10 OVA OVA OT

OVA  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. The induction of OT to OVA in OVA-immunized rats. The levels of IgE (A) and IgG1 (B) Abs 

specific for OVA in plasma were determined at weeks -1, 0, and 3 in rats immunized subcutaneously with 

OVA. Each value represents the mean ± SD of four rats. **P < 0.01: significantly different from non-OT 

rats. ND, not detected. 
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1-3.  

OT

OVA OT  

OVA ELISA MF  

OVA OVA

ELISA

MF OVA 59.30 μg/g MF

MF MF OVA

MF OVA

ELISA

100 μg/g

MF OVA

MF OVA

Fig. 10. Changes in rectal temperature were evaluated after the administration of OVA (2 mg/kg) 

intravenously at week 3. Each value represents the mean ± SD of four rats. **P < 0.01: significantly different 

from non-OT rats.  
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Fig. 11B E Fig. 11C F IgE IgG1

IgE IgG1 4

IgE IgG1 OT  

OVA OT
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OT

OT Fig. 

12 OT

OT

Fig. 11. The levels of IgE Abs specific for gluten (A), gliadin (B) and glutenin (C), and IgG1 Abs specific 

for gluten (D), gliadin (E) and glutenin (F) in plasma were determined at weeks -1, 0, and 4 in rats 

immunized subcutaneously with gluten (week 0) following the oral administration of vehicle alone (50% 

ethanol, non-OT) or 10 mg of TCI gluten (OT) daily for 5 days. Each value represents the mean ± SD of 

six rats. **P < 0.01: significantly different from non-OT rats. ND, not detected. 
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2-3.  

1 OVA OT

 

MF MF 6.1 mg/g

1 g

10 μg

MF

AIN-93G FASPEK Ⅱ

0.31 μg/g

50 AIN-93G 0.62 μg/g

AIN-93G

Fig. 12. Changes in rectal temperature were evaluated after the administration of gluten (2 mg/kg) 

intravenously at week 4. Each value represents the mean ± SD of three rats. *P < 0.05: significantly different 

from non-OT rats. 
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3-1.  

OT
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1BS-18H ω5- [29,34] 1

1BS-18H ω5- ω5-

1BS-18H

OT 1BS-18H OT
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OT Hokushin 1BS-18H OT

Fig. 14 OT

10 0.8℃ Hokushin 1BS-18H

OT   

1BS-18H

OT  

 

3-3.  

OT 1BS-18H

OT 1BS-18H OT Hokushin OT

IgE IgG1

Fig. 13 1BS-18H OT

Fig. 13. The effects of the oral administration of 1BS-18H gluten on the levels of IgE (A) and IgG1 (B) 

Abs specific for gluten in plasma were determined at weeks -1, 0, and 4 in rats immunized subcutaneously 

with gluten (week 0) following the oral administration of vehicle alone (50% ethanol, non-OT), gluten 

from Hokushin (10 mg, Hokushin), or gluten from 1BS-18H (10 mg, 1BS-18H) daily for 5 days. Each 

value represents the mean ± SD of eight rats. ND, not detected. 
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Hokushin OT Fig. 14

1BS-18H OT  

FDA

HED Human Equivalent Dose 6.2

[53] OT 10 mg

10 kg 269 mg

10% [7]

2.7 g 5 g OT

 

  

Fig. 14. The effects of the oral administration of 1BS-18H gluten on the changes in rectal temperature after 
the administration of gluten (2 mg/kg) intravenously at week 4. Each value represents the mean ± SD of 
four rats. 
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4-1.  

OT

OT 1BS-18H ω5-

α/β- γ- ω1,2-

[34]

ω5- ω5-

IgE ω5-

[8,40,41] 1

1BS-18H ω5-

ω5- T
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OT 1BS-18H ω5- OT

 

 

4-2.  

Hokushin 1BS-18H 5 OT

ω5- ω5-

OT 2 0 16 2 2  

OT ω5- IgE IgG1 3

Hokushin 1BS-18H OT

Fig. 15  
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OT ω5- 10 1.1℃

Fig. 16 Hokushin 1BS-18H OT ω5-

1BS-18H ω5-

ω5- OT

 

 

4-3.  

1BS-18H ω5- OT

1BS-18H ω5-

Fig. 15 ω5- Fig. 16

1BS-18H ω5- OT  

ω5- 1BS-18H ω5- OT

2 1 ω5-

1BS-18H α/β- γ- ω1,2-

Fig. 15. The effects of the oral administration of 1BS-18H gluten on the levels of IgE (A) and IgG1 (B) 
Abs specific for ω5-gliadin in plasma were determined at weeks -1, 0, and 3 in rats immunized 
subcutaneously with ω5-gliadin (weeks 0 and 2) following the oral administration of vehicle alone (50% 
ethanol, non-OT), gluten from Hokushin (10 mg, Hokushin), or gluten from 1BS-18H (10 mg, 1BS-18H) 
daily for 5 days. Each value represents the mean ± SD of four rats. ND, not detected. 
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OT OIT: oral immunotherapy

1BS-18H OIT

OT

Fig. 16. The effects of the oral administration of 1BS-18H gluten on the changes in rectal temperature after 
the administration of ω5-gliadin (2 mg/kg) intravenously at week 3. Each value represents the mean ± SD 
of four rats. 
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1. 1  

1.1.   

Rabbit antiwheat gliadin HRP

IgG ALI3404  Accurate Chemical and Scientific Carle Place, NY, USA  

BioSource International Camarillo, CA, USA OVA lyophilized powder ≥ 

98% Sigma–Aldrich St Louis, MO, USA Alum Imject®Alum

Thermo Fisher Scientific Waltham, MA, USA HRP IgE

MARE-1  GeneTex Irvine, CA, USA Hokushin Koshoku Tokyo, 

Japan 1BS-18H Native ω5-gliadin ω5-

Anti-ω5 rabbit IgG [30]

 

 

1.2.  

Hokushin 1BS-18H 200 g 120 mL 3 15

30 

10–15

-30℃  

 

1.3. SDS-PAGE 

Hokushin 1BS-18H 3.0% SDS , 5% 2-

, 10% 0.01% 65 mM Tris–HCl

pH 6.8 5

12,000 g 5 LMW Maker kit 

for SDS Electrophoresis M.W. Range 14,400–94,000, GE Healthcare, Little Chalfont, UK Pre-



46 
 

stained Protein Makers Nacalai tesque, Kyoto, Japan 12.5%(w/v) 

12 cm×10.2 cm AE-6500

, ATTO, Tokyo, Japan 1

20 mA 40 mA SDS-PAGE 10

30  

 

1.4.  

1.3 Hokushin 1BS-18H 10 μg/lane SDS-PAGE

PVDF Immobilon, Merck Millipore, Darmstadt, Germany 25 V 1

5% (w/v) 0.1% Tween-20 Tris TBS-T, pH 7.6

2 TBS-T 10 3 TBS-

T 1,000 10,000 ω5-

4℃

TBS-T 3 10 1 5 2 TBS-

T 30,000 HRP IgG 1 TBS-

T Western Lightning Ultra ParkinElmer, Waltham, MA, USA

1 LAS-4000 mini GE healthcare IgE

 

 

1.5.  

SLC Shizuoka, Japan 3 Brown-Norway BN

MF, Oriental Yeast , Tokyo, Japan

12 23℃ 50%

1

A16-44-3  
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1.6. OVA  

OVA 4 BN PBS pH 7.4 OVA (1 

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

4 PBS Imject® Alum 

0 4 300 μL

10,000 rpm 4℃ 10

-30℃ ELISA OVA IgE

2 4 2

ELISA OVA IgE  

 

1.7.  

ω5-gliadin 4 BN 5 mM ω5-gliadin 

(1 mg/mL) Imject® Alum 10 mg/mL Al(OH)3 , 10 mg/mL Mg(OH)2 1.6

5 mM Imject® Alum  

4 BN 5 mM

Hokushin 1BS-18H  (1 mg/mL) Imject® Alum 10 mg/mL Al(OH)3 , 10 

mg/mL Mg(OH)2 1 13 0 13

300 μL 1.6  

 

1.8. OVA ω5-gliadin IgE  

OVA ω5-gliadin IgE ELISA PBS pH 7.4

OVA 10 μg/mL 0.1% ω5-gliadin 20 μg/mL 96

F8 MaxiSorp loose Nunc-Immuno™ Modules, Thermo Fisher scientific 100 μL 4℃

0.1% Tween 20 PBS PBS-T 200 μL 6 1%

® DS Pharma Biomedical , Osaka, Japan 2
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PBS-T 6 1% ® 10 100 

μL 2 PBS-T 6 1,000

HRP IgE 2 PBS-T 

200 μL 6 3,3',5,5'-tetramethylbenzidine TMB KPL , 

Gaithersburg, MD, USA 100 μL 15 1 M 100 μL

Multiskan GO Thermo Fisher Scientific 450 nm

 

 

1.9. OVA  

OVA ω5-gliadin, Hokushin 1BS-

18H BN 3 0.06 

mg/mL 0.8 mg/mL 1 mg/mL 2.5 mL/kg

Shibaura Electronics

, Saitama, Japan OVA

0.1% ω5-gliadin, Hokushin 1BS-18H

10 mg/kg 0 30

 

 

1.10.  

 ± SEM Kruskal-Wallis

post hoc Tukey

P < 0.05  

 

2. 2  

2.1.   

Tokyo Chemical Industry Tokyo, Japan
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Biotin Labeling Kit-NH2 Dojindo Tokyo, Japan MARE-1 HRP

IgG1  GeneTex Irvine, CA, USA Bethyl Laboratories Montgomery, TX, 

USA HRP Proteintech Japan Tokyo, Japan

 

 

2.2.  

SLC 3 Brown-Norway BN OVA OT

MF Oriental Yeast ω5-gliadin OT

AIN-93G Oriental Yeast

12 23℃

50% 1

A16-44-3  

 

2.3. OVA gliadin  

OVA gliadin FASPEK Ⅱ

FASPEK Ⅱ Morinaga Institute of Biological Science

, Kanagawa, Japan 1g 12

Ⅱ 2 100 μL

1 200 μL 6

100 μL 30 6

100 μL 10 100 μL

Multiskan GO 450 nm  

 

2.4. OVA OT  

OVA OT OVA 50 mg/mL 0.2 mL

1 -1 5 OT 0.2 mL
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2 0 PBS OVA 2 

mg/mL Imject® Alum 10 mg/mL Al(OH)3, 10 mg/mL Mg(OH)2 0.5 mL

PBS 3.0×109 cells/mL 0.2 mL  

OT 50% Tokyo Chemical 

Industry , TCI Hokushin 1BS-18H 50 mg/mL 0.2 mL

1 -1 5 OT 50% 0.2 

mL 2 0

5 mM TCI 2 mg/mL Imject® Alum 10 mg/mL Al(OH)3, 10 

mg/mL Mg(OH)2 0.5 mL PBS

3.0×109 cells/mL 0.2 mL ω5-

2 0 16 2 5 mM 

ω5- 10 mg/mL Imject® Alum 10 mg/mL Al(OH)3, 10 mg/mL Mg(OH)2

0.5 mL PBS 3.0×109 cells/mL

0.2 mL  

OVA ω5- OT −1 0

3 OT −1 0 4

300μL 1.6  

 

2.5. OVA IgE  

F8 MaxiSorp loose Nunc-Immuno™ Modules PBS pH 7.4 1 μg/mL 

IgE MARE-1 100 μL 4℃ PBS-T 6

1% ® 37℃ 1 PBS-T 6

1% ® 10 100 μL OVA IgE

1 IgE 2 37℃

PBS-T 6 Biotin Labeling Kit-NH2 OVA 1%

® 500



51 
 

ω5- , 1% ® 1,000 37℃ 1

PBS-T 6 1% 5,000 streptavidin-HRP 100 

μL 37℃ 1 PBS-T 6 TMB 100 

μL 15 1 M 100 μL Multiskan GO

450 nm  

 

2.6. OVA IgG1  

PBS pH 7.4 OVA 1 μg/mL 0.02 M TCI 

10 μg/mL ω5-gliadin 20 μg/mL F8 MaxiSorp loose Nunc-Immuno™ 

Modules 100 μL 4℃ PBS-T 200 μL 6

1% ® 2 PBS-T 6

1% ® 30,000 100 μL 2

PBS-T 6 100,000 HRP IgG1

1 PBS-T 200 μL 6

TMB SeraCare Life Sciences , Gaithersburg, MD, USA 100 μL 15

1 M 100 μL Multiskan GO 450 

nm  

 

2.5. OVA  

OT OVA ω5-gliadin, Hokushin 1BS-

18H OT 1.9

OVA 0.1% ω5-gliadin

TCI 2 mg/kg 0 30
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2.6.  

 ± SD Mann-Whitney U test

Kruskal-Wallis post hoc

nonparametric post hoc Steel-Dwass P < 0.05  
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