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研究成果の概要（和文）：スギ花粉から抽出・精製した主要抗原Cry j 1を用いてCry j 1修飾リポソームを調製し、ス
ギ花粉症モデルマウスに投与したところ、抗体産生の場である胚中心を形成する脾臓内B細胞に取り込まれることを明
らかとした。さらにドキソルビシン内封Cry j 1修飾リポソームの投与により、スギ花粉症モデルマウスのCry j 1特異
的IgE抗体の産生が有意に抑制されるだけでなく、花粉症症状であるくしゃみの回数や鼻掻き行動が減少することも明
らかとした。またその効果は抗原特異的であり、長期的に持続した。本研究の成果により、逆標的化を利用した治療戦
略がスギ花粉症に対して有用であることが示された。

研究成果の概要（英文）：I first succeeded to purify major antigen of Japanese cedar pollinosis, Cry j 1 
from Japanese cedar pollen. Then, Cry j 1-modified liposomes were prepared and the targetability of 
liposomes in Cry j 1-sentitized mice was examined. The results indicated that Cry j 1-modified liposomes 
were incorporated into the splenic B cells that formed marginal center for antibody production after the 
systemic injection. Furthermore, when Cry j 1-sensitized mice were treated with doxorubicin-encapsulated 
Cry j 1-modified liposomes, the production of anti-Cry j 1 IgE antibody following the boosting of Cry j 1 
to the mice was significantly suppressed and the allergic symptoms such as sneezing and nasal rubbing 
were reduced. Notably, the anti-allergic effect was antigen-specific and continued for a long term. These 
results suggest that the therapeutic strategy utilizing reverse targeting DDS could be useful for the 
treatment of Japanese cedar pollinosis.

研究分野： 薬物送達学

キーワード： ターゲティング　リポソーム　スギ花粉症　B細胞　逆標的化　Cry j 1　胚中心
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Data represents the mean ± S.D. 
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Table 2. Characterization of Cry j 1-lipo and Cry j 1-LDOX 
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Sample� Particle size 
 (nm)�

ζ-Potential  
(mV)�

Cry j 1 
 (µg/mL)�

DOX 
(mg/mL) 

Cont-lipo� 127� -1.5� -� -�

Cry j 1-lipo� 132� -5.4� 32.0� -�

Cont-LDOX� 104� -6.3� -� 1.6�

Cry j 1-LDOX� 112� -6.7� 15.0� 1.2�

Fig. 2. Biodistribution of Cry j 1-lipo 
 Thirteen days after first sensitization of Cry j 1 to BALB/c mice, the 
mice were intravenously injected with [3H]-labeled non-modified 
liposomes (Cont-lipo, closed column) or Cry j 1-modified liposomes 
(Cry j 1-lipo, open colomun) via the tail vein. After 12 h, the 
radioactivities in each organ and the plasma were determined with a 
liquid scintillation counter. Data indicated as the percentage of the 
injected dose / wet tissue with the S.D. 
 

 

Fig. 3. Localization of Cry j 1-lipo in spleen 
 DiI-labeled Cont-lipo or Cry j 1-lipo (red) was intravenously injected to 
Cry j 1-sensitized mice via the tail vein. At 12 h after injection, the 
spleen slices were prepared and probed with Alexa 488-conjugated 
anti-mouse IgG for staining of B cells (green). Fluorescence in the 
spleen was observed using a confocal laser-scanning microscope. 
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PBS extract� 100 kDa 
retentate�

100 kDa 
elution�

30 kDa 
retentate�

30 kDa 
elution�

Cry j 1 (µg)� 805 ± 152� 74 ± 77� 544 ± 159� 508 ± 22� 46 ± 87�

Protein (µg)� 84616 ± 14395� 274 ± 71� 74241 ± 18006� 1078 ± 67� 74941 ± 11918�

Purity (%)� 1.0 ± 0.2� 23.6 ± 19.3� 0.7 ± 0.1� 47.2 ± 2.4� 0.05 ± 0.1�

Fig. 1. Binding analysis of liposomes with antibodies 
Binding analysis was performed by using Biacore system. Cont-lipo 

(blue) or Cry j 1-lipo (red) was applied to the sensor chip immobilized 
with Cry j 1-specofic IgG1 (A) and Control IgG1 (B). 
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Table 3. Purification of Cry j 1 from Japanese cedar pollen 

Data represents the mean ± S.D. 
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Cont-lipo� Cry j 1-lipo�

Fig. 4. Localization of Cry j 1-lipo in germinal centers 
 DiI-labeled Cont-lipo or Cry j 1-lipo in the spleen of Cry j 1-sensitized 
mice at 12 h after the injection was shown (red). The spleen sections 
were probed with biotin-conjugated peanut agglutinin for staining of 
germinal centers (green). The fluorescence was observed using a 
confocal laser-scanning microscope. 

Cont-LDOX� Cry j 1-LDOX�

Fig. 8. Induction of apoptotic cell death in splenic germinal center 
by the treatment with Cry j 1-L-DOX  
 Cry j 1-sensitized mice were intravenously injected with Cont-LDOX or 
Cry j 1-LDOX at days 13 and 15 after sensitization. At 24 h after the 
second injection, the spleen was dissected. Then the spleen section 
was probed with biotinylated peanut agglutinin for staining of germinal 
centers (red). Apoptosis cells were detected by using TUNEL staining 
(green). The fluorescence was observed under a confocal 
laser-scanning microscope. 

PBS extract� Flow-through� Wash� Purified fraction�

Cry j 1 (µg)� 439 ± 129� Not detected� 6.3 ± 1.4� 385 ± 57�

Protein (µg)� 30481 ± 5526� 24972 ± 5469� 1530 ± 459� 247 ± 50�

Purity (%)� 1.4 ± 0.2� 23.6 ± 19.3� 0.3 ± 0.7� �100�

Fig. 6. Alleviation effect of Cry j 1-LDOX for allergic symptoms 
 Japanese cedar pollinosis model mice were intranasaly injected with 
Cry j 1/Cholera toxin everyday from day 25 to 29 after the treatments 
with each sample at day 20 and 22. Sneezing frequencies (A) and 
nasal rubbing (B) were counted at day 29. Significant difference was 
shown (*; p<0.05). 
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Fig. 5.� Suppression of Cry j 1-specific IgE production by the 
treatment with Cry j 1-LDOX 
 Mouse models of Japanese cedar pollinosis were intravenously 
injected with PBS, Cont-lipo, Cry j 1-lipo, Cont-LDOX, or Cry j 1-LDOX 
(0.2 mg/kg/day as DOX), at days 20, 22 after first sensitization. Then, 
the boosting was performed by intranasal injection of Cry j 1 (0.5 
µg/day) containing choleratoxin (1 µg) from day 25 to 29. To measure 
the amount of Cry j 1-specific IgE antibody, the blood samples were 
collected at Day 39. The differences of Cry j 1-specific IgE levels in the 
blood were shown (*; p < 0.05, **; p < 0.01). 
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Fig. 7. Long-term suppression of Cry j 1-specific IgE production 
by the treatment with Cry j 1-LDOX 
 Japanese cedar pollinosis model mice were treated with each sample 
at days 20 and 22, and intranasaly injected with Cry j 1/Cholera toxin 
from day 83 to 85. At day 88 after first sensitization, the blood samples 
were collected and the amount of Cry j 1-specific IgE antibody in the 
serum was determined by ELISA (*; p<0.05). 
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Table 4. Characterization of Cry j 1-lip and Cry j 1-lipDOX 
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Sample� Particle size 
 (nm)�

ζ-Potential  
(mV)�

Cry j 1 
 (µg/mL)�

DOX 
(mg/mL) 

Cont-lip� 155� -3.8� -� -�

Cry j 1-lip� 142� -5.8� 29.0� -�

Cont-lipDOX� 101� -5.2� -� 0.26�

Cry j 1-lipDOX� 111� -6.3� 26.4� 0.29�

Fig. 9. Binding analysis of liposomes with antibodies 
Binding analysis was performed by using Biacore system. Cont-lip 

(blue), BSA-lip (green), or Cry j 1-lip (orange) was applied to the sensor 
chip immobilized with Cry j 1-specofic IgG1 (A) and Control IgG1 (B). 
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Fig. 11. Uptake of Cry j 1-lip into Cry j 1-sensitized splenocytes 
 Splenocytes derived from Cry j 1-sensitized mouse were incubated 
with DiO-labeled Cont-lip (black line) or Cry j 1-lip (red line) for 24 h. 
The fluorescent cells were analyzed using a flow cytometer. 

Fig. 10. Population of Cry j 1-recognized B cells in the spleen 
 Splenocytes derived from naive or Cry j 1-sensitized mouse were 
cultured for 3 days. Then, the cells were probed with Cry j 1-Alexa 
Flour488 and Anti-CD19 antibody-APC conjugate for staining Cry j 
1-recognized cells and B cells, respectively. The fluorescent cells were 
analyzed using a flow cytometer. 
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Fig. 12. Localization of Cry j 1-lip in germinal centers 
 DiI-labeled Cont-lip or Cry j 1-lip in the spleen in Cry j 1-sensitized 
mice at 12 h after the injection was shown (red). The spleen sections 
were probed with anti-mouse IgG antibody-Alexa Fluor 405 conjugate 
and biotin-conjugated peanut agglutinin for staining of B cells (blue) 
and germinal centers (green), respectively. The fluorescence was 
observed using a confocal laser-scanning microscope. 

Fig. 14. Suppression of antigen specific IgE production by 
treatment with antigen-modified liposomal DOX 
 Mice sensitized with Cry j 1 and OVA were injected with PBS, 
Cont-lipDOX, Cry j 1-lipDOX, or OVA-lipDOX at days 19, 21 after first 
sensitization. Then, the boosting was performed by intranasal injections 
of Cry j 1 (0.5 µg/day) and OVA (0.5 µg/day) from day 23 to 27. The 
blood samples were collected at day 28 and the amounts of Cry j 
1-specific IgE antibody (A), or OVA-specific IgE antibody (B) was 
determined by ELISA. Significant differences were shown (*p < 0.05, 
***p < 0.001). 
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Fig. 13. � Suppression of Cry j 1-specific IgE production by 
treatment with Cry j 1-lipDOX 
 Mouse models of Japanese cedar pollinosis were intravenously 
injected with PBS, Cont-lipo, Cry j 1-lipo, Cont-LDOX, or Cry j 1-LDOX 
(0.2 mg/kg/day as DOX), at days 19, 21 after first sensitization. Then, 
the boosting was performed by intranasal injection of Cry j 1 (0.5 
µg/day) containing choleratoxin (1 µg) from day 23 to 27. To measure 
the amount of Cry j 1-specific IgE antibody, the blood samples were 
collected at Day 28 (A). Sneezes were counted for 10 min after the last 
challenge (B). Significant differences were shown (*; p < 0.05, **; p < 
0.01). 
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