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本共同研究の①研究目的の達成度、②将来性、③今後共同研究の展望や予定について述べて下さい。 

 

【達成度】 

全身性エリテマトーデスの病態において、様々な細胞死が自己免疫応答の惹起として想定されており、中でも炎

症誘導性の細胞死であるパイロトーシスが近年着目をされている。本研究課題では、ヒトマクロファージ由来細胞ラ

インの in vitro の共培養系を用いて、ヒトマクロファージの炎症抑制性のサブタイプである M2 マクロファージが、向炎

症サブタイプである M1 マクロファージにおけるパイロトーシスを有意に抑制していることを明らかにした。この分子メ

カニズムについてはさらなる検討が必要であるものの、在留中の短期間で鍵となる現象を見出し、当初の目的は十

分達成できたと考えている。 

 

 

 

 

 

【将来性】 

 全身性エリテマトーデスは膠原病のプロトタイプで、グルココルチコイド等の各種免疫抑制療法を用いても難治例

が数多く存在し、新規の作用機序の薬剤開発が望まれている。マクロファージにおけるパイロトーシスの制御機構の

解明により、新たな創薬標的分子の同定が期待できる。 

 

 

 

 

 

 

 

【今後の展望】 

 現在、本現象の分子機構について研究をすすめており、学術論文の作成を予定している。定期的に相談の機会を

設け、目標の達成を目指していきたい。 
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日本滞在中の具体的な共同研究内容についての報告 
（关于在日期间就研究题目具体开展的共同研究内容的详述） 

【研究目的】(研究目的) 

  Garlic is a natural plant that has been used as a spice and for medicinal purposes for thousands of years. It 

has been reported that garlic extract contains natural compounds that have numerous health benefits, such as 

anti-inflammatory, antiproliferative, and anti-vascular remodeling properties. One of these compounds is 

allicin, which is produced from the precursor S-allyl cysteine-sulfoxide (alliin) by the action of the enzyme 

alliinase. Although the beneficial effects of allicin have been reported, its molecular mechanism is not yet fully 

understood. Therefore, this study aimed to investigate the potential anti-fibrotic effects of allicin and its 

underlying mechanisms using both in vitro and in vivo models. 

【研究経過】(研究经过) 

The study investigated the effects of allicin on lung fibroblast-mediated migration towards fibronectin and 

contraction of three-dimensional type I collagen gels. The expression of fibronectin and alpha-smooth muscle 

actin (α-SMA) was assessed using immunoblotting. In addition, a bleomycin-induced lung fibrosis mouse 

model was used to investigate the anti-fibrotic effect of allicin in vivo. In this model, the ability of allicin to 

suppress inflammatory cell infiltration into the fibrotic lungs was evaluated.  

    Making a bleomycin-induced lung fibrosis mouse model  

Prepare a stock solution of bleomycin sulfate at a concentration of 1.5-2.5 mg/mL in sterile saline. Anesthetize 

the mice with an appropriate anesthetic agent. Administer the bleomycin solution intratracheally to the mice 

using a catheter or needle attached to a syringe. Control mice should receive saline using the same procedure. 

After administration, the mice should be kept in a warm and dry environment for recovery. Monitor the mice 

daily for signs of distress or discomfort, such as shortness of breath or weight loss. Allicin group were given 

allicin 50 mg/kg by intraperitoneal injection on day16-20 after BLM injection. Sacrifice the mice at the desired 

time point after bleomycin administration and collect lung tissue for further analysis, such as histological 

examination, biochemical analysis, or gene expression profiling. 

Allicin strongly suppressed bleomycin-induced pulmonary inflammation and fibrosis in mouse  

Compared to the control group, allicin significantly reduces the degree of pulmonary inflammatory response 

and fibrosis caused by bleomycin in mice. The number of infiltrating inflammatory cells in the lung tissue of 

mice treated with allicin, such as macrophages, lymphocytes, and neutrophils, decreased significantly. The 

weight loss in the allicin group was significantly lower than that in the control group. The Ashcroft score is 

significantly decreased in allicin treatment when compared with control group. 

Allicin activated AMPK and suppressed TGF-β1/Smad3 pathway in pulmonary fibrosis. 

We examined AMPK expression on fibroblast, the phosphorylation of AMPK that is required for AMPK 

activity was reduced significantly in bleomycin induced fibrosis compared with the control group, while Allicin 

treatment restored pAMPK expression. We found significant upregulation of phosphorylation of 

Smad3, phosphorylation of Smad2, Smad4 and downregulation of Smad7 were observed in 

bleomycin induced lung fibrosis. Notably, Allicin treatment inhibited the upregulation of 

phosphorylation of Smad3 selectively, with a negligible effect on the other Smads, indicating the 
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selective suppression of TGFβ1/Smad3 pathway by Allicin. Similarly, the gradual activation of 

TGF-β1/Smad signalling was detected in UUO rat kidneys. The aberrant TGF-β1 and Smad3 

change improved significantly after treatment with Allicin. Altogether, allicin activated AMPK, 

inactivated TGF-β1/Smad3 signalling and reduced ECM deposition in the fibrotic lung tissue. 

【成果】(成果) 

Our study concludes that allicin has the potential to be a candidate for a new therapeutic agent 

for lung fibrosis. The study's findings suggest that allicin has an anti-fibrotic effect that can be 

used to treat lung fibrosis. Allicin's ability to suppress TGF-β1-stimulating collagen gel 

contraction, migration, and the expression of α-SMA and fibronectin in lung fibroblasts and 

suppress bleomycin-induced fibrosis in the mouse lungs by the blockade of inflammatory cells 

infiltration make it a promising candidate for further research in developing new treatments for 

lung fibrosis. The results of the study will soon be submitted in Respiratory Research 

【今後の論文発表予定】(今后论文发表的计划) 

“Protective Effects of Allicin, a Natural Compound from Garlic Extract, on Lung Fibrosis Mediated by 

Fibroblasts” will be submitted to Respiratory Research soon. 

【今後の課題】(今后的课题) 

Further investigate the molecular mechanisms underlying the anti-inflammatory and anti-fibrotic 

effects of allicin, to provide experimental evidence for drug development.. 
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本共同研究の①研究目的の達成度、②将来性、③帰国後の展開予定について述べて下さい。 

（请就本次合作研究题目的①研究目的的达标情况、②未来的发展可能性、③您回国后今后的合作研究的规划打算作一论述） 

【達成度】(达标情况) 

Successfully completed the expected research work during the six-month training period in Japan from 

September 2022 to March 2023. 

【将来性】(未来的可能性) 

Based on the findings of this study, the following plan can be proposed to proceed with the 

research: 

1. Further investigation of the molecular mechanism of allicin: Although allicin has been

shown to have beneficial effects, its molecular mechanism is still unknown. Therefore,

further investigation is needed to understand the exact mechanism of action of allicin in the

context of lung fibrosis. This can be achieved by performing molecular studies, such as gene

expression analysis, RNA sequencing, and proteomics.

2. Examination of the therapeutic potential of allicin: Since allicin has been found to suppress

TGF-β1-stimulated collagen gel contraction and migration, and also to suppress

bleomycin-induced fibrosis in the mouse lungs, it is important to examine the therapeutic

potential of allicin in lung fibrosis. This can be done by conducting preclinical studies, such

as animal models of lung fibrosis, to evaluate the efficacy and safety of allicin as a

therapeutic agent for the treatment of lung fibrosis.

3. Exploration of the optimal delivery method for allicin: To ensure the effectiveness of allicin

as a therapeutic agent for lung fibrosis, it is essential to explore the optimal delivery method

for allicin. This can be achieved by conducting studies to compare the efficacy of different

delivery methods, such as inhalation, injection, and oral administration.

4. Collaboration with experts in the field: Given the complexity of lung fibrosis and the need

for a multidisciplinary approach, it is important to collaborate with experts in the field, such

as pulmonologists, immunologists, and pharmacologists. This can help to broaden the scope

of the research and facilitate the translation of the findings into clinical practice.

5. Application for research funding: To support the research activities, it is important to apply

for research funding from relevant agencies, such as the National Natural Science

Foundation of China or other international funding organizations. This can help to ensure

the continuity and success of the research project.
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【帰国後共同研究の展開予定】(回国后的合作规划) 

After returning to China, we will continue to work together to advance this project and plan to jointly apply 

for a National Natural Science Foundation of China project. We also plan to jointly train master's and doctoral 

students. 

研究者自署： ㊞ 
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本共同研究の①研究目的の達成度、②将来性、③今後共同研究の展望や予定について述べて下さい。 

 

【達成度】 

研究期間滞在中にニンニク成分アリシンの抗線維化作用に関して下記の基礎研究成果を達成した。 

 

1． 肺線維症モデルマウスにアリシンを投与し、抗線維化及び抗炎症効果を証明した。 

2． TGFβ１刺激に対する肺線維芽細胞の生理機能活性[１）コラーゲンゲル収縮能解析２）遊走能]をアリシンの抑

制効果を証明した。 

3． TGFβ１刺激に対する肺線維芽細胞の ECM 産生のアリシンの抑制効果を証明した。 

4． る肺線維芽細胞における TGFβ１刺激に対するアリシンの抗線維化機序が AMPK シグナルに関与していること

を解明した。 

 

本研究成果は、 

第 63 回日本呼吸器学会学術講演会 

Abstract title: The natural compound from garlic extract, allicin has protective effects on fibroblast-mediated lung 

fibrosis. Presenting Author’s Name: Jia Hou. Session: English Poster Discussion 9. April 29, 2023 で発表した。 

 

更に、本研究成果の論文化に着手し、"Allicin-induced AMPK signaling attenuated canonical TGFβ1/SMAD3 

pathway-mediated lung fibrosis" のタイトルとして BMJ Open Respiratory Research に侯 嘉を筆頭著者として現在

論文投稿中である（manuscript ID is bmjresp-2024-002314）。 

 

【将来性】 

肺の線維化に関する基礎研究に In vivo vitro ともに従事して、着実に研究成果を積み重ね、論文も作成し投稿迄

至った。本研究手法は、中国帰国後の所属のラボでも施行が可能であり、Lung fibroblast cell biology、Lung fibrosis 

animal model の技術を研究指導者として、今後のニンニク製剤に関する基礎・臨床研究において当方との日中橋渡

しとなる共同研究につなげていく。 

 

【今後の展望】 

ニンニク成分アリシンの抗線維化・抗炎症作用の解明から、国内では、熟成ニンニク（AGE: Aged Garlic Extract）

サプリメントを販売している湧永製薬との産学連携の共同研究締結が実現した。 

順天堂大学との共同研究契約締結のお知らせ – 湧永製薬株式会社 (wakunaga.co.jp) 

 

今回の研究成果から、現在、湧永製薬と AGE の肺の線維化に対する抗線維化・抗炎症作用の基礎研究に In vivo 

vitro を進めている。今後の展望としては、間質性肺炎患者に対する AGE の進行抑制効果を前向きの特定臨床研究

として 2024 年度から開始する。 

従来の副作用の多い抗線維化薬と比較して自然食品の安全性の担保されているニンニク成分の有効性が、難治

性の特発性肺線維症患者に臨床的に証明されれば、その効果を世界に発信していく。安価で安全性の高い抗線維

化薬としての新たな創薬化事業につなげていく。また、研究者母国の中国でも、ニンニク製剤の臨床研究を将来的に

進めていくことを協議している。 

日本側共同研究者記名：十合晋作 
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日本滞在中の具体的な共同研究内容についての報告 
（关于在日期间就研究题目具体开展的共同研究内容的详述） 

 

【研究目的】(研究目的) 
   Atrioventricular nodal reentry tachycardia (AVNRT) is the most common form of paroxysmal supraventricular 

tachycardia (PSVT). The exact cause of AVNRT has not yet been found. However, an increasing number of reports 

suggest that AVNRT is hereditary, but no precise pathogenic gene has been found so far. 

   The subjects of our on-going research was to explore whether Cav2.2 mutation lead to the occurrence of familiar 

AVNRT by affecting the imbalance of cardiac autonomic nerve activity, and to confirm that CACNA1B(p.K567R) was 

the first AVNRT pathogenic gene. 

 

【研究経過】(研究经过) 

 
   In our study, we found that a point mutation of CACNA1B (p.K567R) which encoded the α1 subunit of N-type 

calcium channel (Cav 2.2), was co-segregated with AVNRT in one family. Over-expression point mutations of human 

CACNA1B in zebrafish embryos was related to abnormal heart rate. As Cav 2.2 was mainly expressed in the presynaptic 

membrane of sympathetic nerve endings, regulate the influx of calcium ions and release of neurotransmitters such as 

norepinephrine, the change of neurotransmitters would put effects on conduction velocity and refractory period of the 

atrioventricular node, which induced AVNRT.  

  In rat models, telemetric ECG recordings showed that rats with a CACNA1B point mutation displayed sporadic 

supraventricular tachycardia and altered QRS complex morphology. In addition, the CACNA1B(p.K567R) rats presented 

a double path phenomenon and AVNRT induction by intracardiac electrophysiological examination. Indexes of heart rate 

variance in CACNA1B mutation rats showed an increase in cardiac sympathetic activity and an imbalance of cardiac 

sympathetic and parasympathetic activity. Single-cell RNA sequencing indicated that the number of neurons in the 

superior cervical ganglion (SCG) of mutant rats was higher than in wild-type (WT) rats, accompanied by an increased 

expression of CACNA1B. Functional enrichment in SCG proteomics suggests that point mutant rats have abnormalities 

in synaptic function and ion transport, which could lead to the release of neurotransmitters. This could affect the cardiac 

autonomic neural activity and lead to an imbalance in sympathetic and parasympathetic activity and the subsequent 

occurrence of AVNRT. Our findings indicate that CACNA1B (p.K567R) might be the pathogenic gene of AVNRT in 

familial AVNRT. 

 

【成果】(成果) 
 
The results were published online as a preprint paper at website: 

https://www.medrxiv.org/content/10.1101/2022.03.01.22271698v1. The doi of our preprint paper was as 

follows:  https://doi.org/10.1101/2022.03.01.22271698. 
 
【今後の論文発表予定】(今后论文发表的计划) 

 
The above paper will be fully published after completing relevant research within the following three months. 
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【今後の課題】(今后的课题) 

 
Continue to establish cooperation in the research works on arrhythmia such as AVNRT or atrial fibrillation. 

As I am very interested in radiofrequency ablation of atrial fibrillation clinically, and the feature in our partner 

Prof Ikeda and Prof Fujino here is to finding trigger foci during the procedure of radiofrequency ablation of  

atrial fibrillation, especially in the aspect of pulmonary venous muscle sleeve. Recently, we had a special case 

of atrial fibrillation triggered by pulmonary venous muscle sleeve, and we plan to publish this case report toge- 

ther. Meanwhile, Toho University has conducted in-depth research works on electrophysiology of small animals 

(Prof. Atsushi Sugiyama) and pulmonary venous muscle sleeve (Prof. Hikaru Tanaka). We can continue to co- 

operate in the above research works in the future. 
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本共同研究の①研究目的の達成度、②将来性、③今後共同研究の展望や予定について述べて下さい。 

 

【達成度】 

来日して、研究テーマ「CACNA1B gene mutation causes atrioventricular node reentrant tachycardia by 

affecting cardiac autonomic nerve activity」に取り組んでいましたが、研究をまとめるのにかなりの時

間を要することが判明しました。そのため、既存のデータを分析することにし、「Clinical prognostic risk 

prediction models based on random survival forest in hypertrophic cardiomyopathy: A single-center 

cohort with real-world data with a 10-year follow-up」のテーマに切り替えました。 

熱心に研究に取り組み、離日直前に英文雑誌に投稿することができたため、達成度は十分であったと判断い

たします。 

 

 

 

 

【将来性】 

循環器内科、そのなかでも不整脈学および心臓電気生理学の領域について十分な知識と技術を有することか

ら、李 小平医師は将来が見込める有望な人材であると判断いたします。 

 

 

 

 

 

 

 

 

【今後の展望】 

李 小平医師は、不整脈（頻拍症）のメカニズム解明や心筋症のリスク評価に関する研究を今後も継続してい

くものと思われます。現時点では、共同研究を実施する研究テーマはありませんが、今後、電子メール等で

意見交換をし、新規の共同研究を行う可能性を秘めています。 

 

 

 

 

 

 

 

 

 

日本側共同研究者自署：   ㊞ 
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