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 学位論文の要旨 Abstract of Thesis 

c-Jun N-terminal kinases (JNKs) are one class of mitogen-activated protein kinases (MAPKs) 

that are activated by inflammatory cytokines, growth factor, and environmental stresses, such as UV 

irradiation and oxidative stress. JNKs have been characterized to be involved in proliferation, 

apoptosis, motility, metabolism and regulation of the related genes. Dysregulated JNK signaling 

contributes to several diseases, including neurodegeneration, ischemia/reperfusion injury, cancer and 

immune disorders. For example, the expression of interleukin-13 (IL-13), a T helper 2 (Th2) 

cytokine that plays important roles in allergic disorders, is up-regulated dependently on the MAPK 

pathways. Also, JNK activation has a critical role in apoptosis induction by biotic and abiotic stimuli 

in various cell types. Therefore, JNKs represent attractive targets for therapeutic intervention with 

small molecule kinase inhibitors. Food phytochemicals, such as polyphenols and organosulfur 

compounds, have attracted wide attention in past decades as promising candidates for health 

promoting food chemicals. Among them, tea catechins and isothiocyanates (ITCs) have been focused 

on new types of food chemicals that have an ability to modify cellular signal transduction other than 

radical scavenging property. In this thesis, to apply these food chemicals as preventive agents against 

immune-related diseases, I demonstrate that pharmacological regulation of JNK is an effective 

strategy for the control of cytokine expression and cell death.  
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In Chapter 2, I determined the ability of benzyl isothiocyanate (BITC), which are derived from 

several cruciferous vegetables and papaya fruits, to inhibit Th2 cytokine expression in stimulated 

KU812 cells, a human basophilic cell line. The longer incubation (21 h) of BITC significantly 

suppressed the induction of IL-13 mRNA expression in A23187-stimulated KU812 cells than the 

shorter one did (3 h). BITC also inhibited not only phosphorylation of JNK and p38 MAPK but also 

nuclear localization of several nuclear factors in A23187-stimulated KU812 cells. These results 

provide evidence of a novel activity of BITC: suppression of the expression of Th2-type cytokines in 

basophils. 

In Chapter 3, I investigated the effect of BITC treatment on the IL-13 gene expression induced 

by hydrogen peroxide in T lymphocytic leukemia Jurkat cells. The treatment with BITC for 24 h 

resulted in an apparent decrease in the oxidative stress-dependent IL-13 expression. The Jurkat cells 

exposed to the exogenous oxidative stress-hydrogen peroxide for 30 min significantly increased the 

phosphorylation of c-Jun N-terminal kinase (JNK), whereas the hydrogen peroxide-enhanced 

phosphorylation of JNK was unaffected by BITC. On the other hand, pretreatment of BITC 

significantly reduced the nuclear translocation of phosphorylated c-Jun, suggesting that BITC might 

interfere the c-Jun nuclear translocation or JNK kinase activity. The treatment with BITC for 24 h 

resulted in an apparent enhancement in the total glutathione S-transferase (GST) activity and protein 

expression of class π GST isozyme (GSTP1). To check the involvement of GSTP1 in 

JNK/c-Jun/IL-13 axis, a GSTP1 specific inhibitor, 6-(7-nitro-2,1,3-benzoxadiazol-4-ylthio)hexanol 

(NBDHEX), was utilized. NBDHEX counteracted the inhibitory effect of BITC on the hydrogen 

peroxide-enhanced IL-13 expression. Taken together, these results suggested that BITC might inhibits 

the oxidative stress-mediated IL-13 mRNA expression, partly through the interference of nuclear 

localization of c-Jun by GSTP1 induction. 

In Chapter 4, I investigated the anti-proliferative effects of four tea catechins, such as 

(-)-epicatechin (EC), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECg) and 

(-)-epigallocatechin gallate (EGCg), in human T lymphocytic leukemia Jurkat cells. Each catechin 

induced a significant cytotoxic effect on Jurkat cells. The combination of EGCg with other catechins 

additively potentiated the anti-proliferation, extracellular hydrogen peroxide formation, c-Jun 

N-terminal kinase (JNK) activation and interferon (IFN)-γ mRNA expression. Catalase, partly but 
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significantly, abolished the cytotoxicity induced by EGC or EGCg, whereas it did not influence the 

EC- or ECg-induced effect. Among the tea catechins, ECg synergistically enhanced the 

EGCg-induced phosphorylated JNK and IFN-γ expression. The present findings provide evidence 

that tea catechins are able to concertedly induce cytotoxicity through the JNK/IFN-γ pathway in 

hydrogen peroxide-dependent and -independent manners. 

My findings provide biological evidences that (1) not only JNK and p38 MAPK but also NF-κB 

and nuclear factor of activated T cells c1 (NFATc1) have roles in the down-regulation of IL-13 

expression by BITC in human basophilic KU812 cells; (2) pretreatment of BITC attenuates the 

oxidative stress-mediated IL-13 gene expression, partly through the interference of nuclear 

localization of c-Jun by GSTP1 induction; (3) tea catechins are able to concertedly induce cytotoxicity 

through the JNK/IFN-γ pathway in hydrogen peroxide-dependent and -independent manners in 

human T lymphocytic leukemia Jurkat cells. Taken together, these series of studies proposed that 

pharmacological regulation of JNK by food chemicals such as tea catechin and ITCs is a promising 

strategy for the prevention against immune-related disorders. 


