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GSTA4 governs melanoma cell resistance to anti-tumor immunity
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Cancer immunotherapy, such as immune checkpoint blockade (ICB), has been successful for many types
of cancer including melanoma; however, unresponsiveness to ICB remains as a major obstacle to realizing
further clinical benefit. While the primary immune resistance of cancer cells might be caused by their low
immunogenicity and/or expression of immune-suppressive phenotypes, an acquired immune resistance
mechanism against cancer immune therapy has not been well understood. Among factors involved in cancer
cells escaping from immune responses, an intrinsic defect in the IFN-y response is considered as one of the
major players allowing cancer cells to evade host immunity. In this study, I aim to understand an acquired
resistance mechanism of melanoma cells to antigen-specific anti-tumor immunity.

Firstly, to understand the immunological status of tumor antigen-specific CD8* T cells in the tumor
microenvironment during tumor progression, we established a bioluminescence imaging model to monitor
the interplay between occult immunogenic tumor and host anti-tumor immunity. Using mouse B16
melanoma cells expressing ovalbumin (OVA) and luciferase (B160VA-luc2 cells), we monitored the status
of B160VA-luc2 melanoma cells in mice immunized with a model tumor antigen ovalbumin (OVA). We
found that the cell growth was biphasic during tumor progression: initial progression, suppressed by a CD8*
T cell-dependent immune response, and thereafter showed secondary progression by escaping from host
immunity in OVA-immunized micel.

We next generated cell lines after in vivo passage through distinct immunological conditions.
B160VA-luc2 tumors exposed to OVA-specific CD8* T cell immunity in OVA-immunized B6 mice were
isolated, and we established five variants (IMML1, 2, 5, 6, and 8 cell lines). For comparison, BI60OVA-luc2
tumors from non-immunized naive B6 mice or OVA-immunized IFN-y-deficient mice were also isolated,
and we established four variants, namely NIMM (1, 3, 4, 5) cell lines or GKO-IMM (1, 2, 3, 4) cell lines,
respectively. To test the capacity of those different variants for immunogenicity, those cell lines were re-
challenged in OVA-immunized B6 mice. In contrast to NIMM and GKO-IMM cell lines, IMM cell lines
showed progressive growth in OVA-immunized mice upon re-challenge and specifically lost their OVA
antigen expression. Furthermore, we found that IMM cell lines gained resistance to the IFN-y-induced
oxidative stress response. By subjecting those different cell lines to DNA microarray analysis, we found
the expression of GSTA4 was highly up-regulated in the IMM cells compared to the parental or other
control (NIMM or GKO-IMM) cell lines. To further determine the functional role of GSTA4 in protecting
the IMM cells from oxidative stress, we established the B160OVA cell line overexpressing GSTA4 (GSTA4



OE) or IMM cell line knocking down GSTA4 (shGSTA4). GSTA OE cell lines showed resistance to the
IFN-y-induced-oxidative stress. In addition, sShGSTA4 cell lines showed to be sensitive to IFN-y-induced
oxidative stress responses. In addition, the growth of GSTA4 OE cells was more aggressive than that of
parental BL6OVA cells in the OVA-immunized B6 mice. Furthermore, ShGSTA4 cells reinvigorated the
responsiveness to anti-PD-1 treatment in vivo. Importantly, melanoma patients with low GSTA4 expression
were better responders and showed better progression-free survival rates to anti-PD-1 therapy?.

Collectively, these studies show how to identify the immunological status of tumor antigen-specific
CD8* T cells in the tumor microenvironment during tumor progression and highlight a novel mechanism
whereby cancer cells escape from host immunity by acquiring resistance to oxidative stress responses
through the upregulation of GSTAA4.
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