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（続紙  １  ）                             

京都大学  博士（生命科学）  氏名  Jinju Lee 

論文題目  

 
IL-23 generates pathogenic Th17 cells by triggering T cell-intrinsic 

prostaglandin E2-EP2/4 signaling 
 

（論文内容の要旨）  
IL-17-producing helper T cells (Th17) play critical roles in various inflammation-related 
diseases, including autoimmune diseases and cancers. Although basic principles underlying 
differentiation and expansion of Th17 cells have been clarified, how these processes are 
modified in the microenvironment of each specific disease remains to be defined. 
Furthermore, recent studies show that Interleukin (IL)-23 is the key cytokine for generation 
of pathogenic IL-17-producing helper T (Th17) cells that critically contribute to 
autoimmune diseases and cancer. However, how IL-23 generates pathogenic Th17 cells 
remains to be elucidated. 

It was previously shown that prostaglandin E2 (PGE2) facilitates IL-23-mediated Th17 
expansion. Ms Jinju Lee, a Ph.D. applicant, examined the molecular mechanism and clinical 
implications of this PGE2 action. She found that IL-23 and PGE2 synergistically induce 
expression of the IL-23 receptor subunit, IL23r, in Th17 cells differentiated by IL-6 plus 
TGF-β. Intriguingly, IL-23 induces expression of COX-2 during incubation, and the Il23r 
induction by this cytokine is partially suppressed by a COX inhibitor, indomethacin, 
indicating that the above PGE2-mediated facilitation functions endogenously downstream of 
IL-23. This PGE2 action is dependent on EP2 and EP4 and is reproduced by activation of 
cAMP-PKA signaling. Interestingly, cAMP increases STAT3 Y705 phosphorylation and 
JAK2 Y1007/1008 phosphorylation in a PKA and Src-dependent manner, and both cAMP- 
and IL-23-mediated Il23r induction is inhibited by inhibitors of STAT3, indicating that 
cAMP and IL-23 converge on STAT3 phosphorylation.  In addition, she found that the 
PGE2-EP2/EP4 signaling pathway and IL-23-IL-23R signaling activate not only STAT3 but 
also CREB1 and NF-κB to induce Il23r expression. Il23r induction by cAMP, IL-23 and in 
combination is significantly suppressed by CREB1 inhibitor and RNAi. Deficiency of p105 
(NF-κB subunit) and inhibition of NF-κB also suppressed the induction of Il23r mRNA 
expression. She also confirmed that both PGE2-EP2/EP4 signaling and IL-23-IL23R 
activate p65, another subunit of NF-κB, and PGE2-EP2/EP4 signaling activates p105.  

Moreover, microarray analyses revealed that this PGE2 signaling induces the expression 
of various inflammation-related genes, which possibly function in Th17 cell-mediated 
pathology.  

Finally, she confirmed the in vivo relevance of these findings in a mouse IL-23-induced 
psoriasis model and found that genetic deletion or pharmacological inhibition of EP2 and 
EP4 significantly suppressed skin inflammation, with a concomitant decrease in the Th17 
cell population in the lesion. Also, combined deletion of EP2 and EP4 selectively in T cells 
abolished inflammation in the IL-23-induced mouse model of psoriasis, with suppression of 
the accumulation of IL-17+ and IL-17+IFN-γ+ T cells in the lesion. Thus, T cell-intrinsic 
EP2/4 signaling is critical in IL-23-driven Th17 cell pathogenesis, which points to these 
receptors as potential targets for therapeutic intervention. 

 
 
 

 
 



（続紙  ２  ）                            
（論文審査の結果の要旨）  
IL-17-producing helper T cells (Th17 cells) have been shown to be involved in the 
pathogenesis of a variety of inflammation-related diseases, e.g. autoimmune 
diseases and cancers. It has also been shown that Interleukin 23 (IL-23) is the 
crucial cytokine for the generation of Th17 cells and that prostaglandin E2 (PGE2) 
can facilitate the expansion of Th17 cells. However, detailed mechanisms as to 
how IL-23 and PGE2 contribute to the generation and expansion of Th17 cells 
remained to be clarified. In this thesis, Ms Jinju Lee, a Ph.D. applicant, performed 
extensive experiments to clarify the above-mentioned questions, by using a 
combination of analytical methods of cell biology, molecular biology, and 
pharmacology. Throughout the thesis, all experiments were well designed and 
appropriately carried out, and the data were quantitatively and statistically 
analyzed.  

Ms. Lee obtained the following new findings: she first showed that IL-23 and 
PGE2 synergistically induce expression of the IL-23 receptor subunit, IL23r, in the 
differentiation of Th17 cells, and that IL-23 induces COX2 expression thereby 
indicating the involvement of endogenous PGE2 in the enhancement of the IL-23r 
expression. She next showed that the PGE2 action is mediated by EP2 and EP4 
receptors, and is reproduced by cAMP-PKA signaling, the signaling intermediates 
down-stream of these receptors. She also clarified the involvement of STAT3 and 
JAK2 kinase as well as CREB1 and NF-κB in the induction of IL-23r expression. 
Moreover, she performed microarray analyses and revealed that PGE2 signaling 
induces expression of various inflammation-related genes, which are expected to 
function in Th17 cell-mediated pathology. Finally, she examined potential 
therapeutic efficacies of inhibition of EP2 and EP4 signaling against skin 
inflammation in a mouse model of IL-23-induced psoriasis, and found that genetic 
or pharmacological inhibition of EP2 and EP4 signaling indeed led to the 
suppression of IL-17+ and IL-17+IFN-γ+ T cells in the lesion as well as phenotypic 
suppression of the disease.   

These results clarified several key molecular mechanisms underlying the 
development and expansion of pathogenic Th17 cells, and they point to the 
therapeutic potential of inhibition of EP2 and EP4 signaling in pathogenic Th17 
cell-mediated inflammatory diseases such as psoriasis. Thus, the thesis evaluation 
committee estimated that this thesis contributes substantially to a more complete 
understanding of the mechanisms of pathogenic Th17 cell development and of 
Th17 cell-mediated inflammatory diseases as well as to future treatment of these 
diseases. The thesis also demonstrates a wide range of her knowledge about the 
issues related to the subject and her research competency. The Ph.D. thesis defense 
was held on Aug 9, 2018. In the thesis defense, Ms. Jinju Lee gave an oral 
presentation of her own research and then the committee members questioned her 
about her thesis and presentation. After the defense, the committee members 
discussed in deliberation and reached the conclusion that Ms Jinju Lee passed the 
examination. In conclusion, the thesis evaluation committee agreed that this thesis 
satisfies the requirements for the degree of Doctor of Philosophy in Life Sciences, 
Kyoto University. 
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