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A G E H Mechanistic basis of lung cancer prevention with green tea catechins

focused on anti-tumor immunity
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Green tea catechin, (-)-epigallocatechin gallate (EGCG), and green tea are well known effective non-toxic cancer
preventives. To understand the mechanisms of action of EGCG that results in wide beneficial effects on cancer
prevention, I studied whether EGCG enhances anti-tumor immunity by focusing on the immune checkpoint.
Programmed cell death-ligand 1 (PD-L1) in tumor cells is an immune checkpoint molecule involved in immune evasion
of tumor: It inhibits the immune response of T cells by binding to PD-1 on T cells. The PD-L1 expression is induced by
cytokines and growth factors in the inflammatory tumor microenvironment. In this thesis, I studied the effects of EGCG
on inducible PD-L1 expression in human lung cancer cells, and the stimulation of T-cell functions, examined by the
model experiment using tumor specific cluster of differentiation 3 positive (CD3+) T cells co-cultured with F10-OVA
cells.

First, I found that PD-L1 protein levels varied among human lung cancer cell lines: Lu99 cells showed the highest
PD-L1 expression, A549 cells were moderate, and H1299 were very low. Treatment with interferon gamma (IFN-y)
increased cell-surface PD-L1 level in A549 and H1299 cells as determined by flow cytometry, but not in Lu99 cells.
However, treatment with epidermal growth factor (EGF) increased PD-L1 expression in Lu99 cells. Pretreatment with
EGCG and green tea extract (GTE) for 3 h dose-dependently reduced IFN-y-induced PD-L1 mRNA and cell-surface
PD-L1 level in A549 and H1299 cells by inhibiting phosphorylation of STAT1. EGCG also inhibited EGF-induced PD-
L1 expression by inhibiting the AKT pathway in Lu99 cells.

Next, I examined the relationship between inhibition of PD-L1 expression and lung cancer prevention. The
intraperitoneal injection of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) induced lung tumors in 100%
A/J mice in 16 weeks and oral administration of 0.3% GTE reduced the number of tumors per mouse from 4.1 to 2.6.
In addition, the percentage of positive PD-L1 cells in tumors in NNK + GTE group was reduced from 9.6 to 2.9 (70%
reduction).

Finally, I studied whether EGCG enhances anti-tumor immunity. I performed an ex vivo co-culture experiment using



tumor specific CD3+ T cells with F10-OVA cells, to determine restoration of T cells activity: Pretreatment with EGCG
reduced PD-L1 mRNA level in F10-OVA cells, and it increased IL-2 mRNA expression 1.7-fold. However, EGCG had
no effect in non-co-cultured T cells. According to the reduction of PD-L1 by EGCG, apoptosis of F10-OVA cells was
increased 3-fold by co-culture with tumor specific CD3+ T cells.

This is the first finding to show that EGCG and green tea extract act as alternative immune checkpoint inhibitors. This
new function of EGCG in anti-tumor immune response plays a vital role in cancer prevention and enhancement of anti-

cancer activities.
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