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Background: Interferon-gamma (IFNγ) is a crucial eff ector molecule of an  tumor immunity. This cytokine promotes 
the excessive produc  on of reac  ve oxygen species (ROS) in tumor cells, which leads to DNA damage and senescence 
[1]. Recently it has been discovered that IFNγ can also trigger cancer cell ferroptosis by fostering lipid peroxida  on 
[2]. Cancers o  en evade an  tumor immunity by losing their responsiveness to IFNγ. Consequently, IFNγ becomes 
a cri  cal player in the immunoedi  ng process, selec  ng tumor cells with immunoevasive proper  es [3]. Defects in 
responsiveness to IFNγ in cancer cells signifi cantly contribute to the limited success of cancer immunotherapy in clinics 
[4], emphasizing the importance of understanding the mechanism behind the IFNγ-mediated immunoedi  ng process. To 
address this issue, we inves  gated how tumor cells escape IFNγ-dependent immune response through immunoedi  ng 
by analyzing originally established immune-escape variants of melanoma cells. Material and Methods: We used a 
previously established in vivo model in which an  tumor immunity was IFNγ dependent [5]. Mouse B16 melanoma 
cells expressing ovalbumin as a tumor-specifi c an  gen (B16OVA) were subcutaneously inoculated in OVA-immunized 
B6 mice. In this model, tumor growth suppression by host IFN-γ lasts for a limited  me, a  er which all tumors progress. 
Next, we established cancer cell lines with diff erent in vivo immunological experiences. Tumor cells were isolated from 
same-sized tumors from wild-type (WT) untreated mice (established cell lines were named "NIMM"), from WT OVA-
immunized mice a  er the cessa  on of immune control of tumor growth (established cell lines were named "IMM"), or 
from IFNγ knockout (IFNγ KO) OVA-immunized mice (established cell lines were named "GKO-IMM"). IMM, NIMM, and 
GKO-IMM cells were re-challenged in OVA-immunized mice to test their ability to provoke an  tumor immunity. Instead 
of immuniza  on with OVA an  gen, in some experiments, the an  -PD-1 an  body was administered intraperitoneally to 
ini  ate tumor-specifi c immunity in vivo. To examine changes in phenotype resul  ng from the IFNγimmunoedi  ng process, 
total RNA was extracted from parental B16OVA cells and immune-escaped IMM cells. Gene expression was analyzed 
using a GeneChip system with GeneChip Mouse Gene 2.0 ST Array. mRNA and protein expression of selected genes was 
quan  ta  vely determined by real-  me PCR and western blo   ng, respec  vely. GSTA4 overexpression or knockdown 
was performed to determine its func  onal role in the immunoevasive phenotype of IMM cells. Cell sensi  vity to IFNγ 
and 4–hydroxynonenal (4–HNE), a lipid peroxida  on product, was es  mated by WST–8 cell viability assay. CellROX 
Deep Red reagent was used to detect IFNγ-induced intracellular ROS accumula  on. Transwell invasion assay was used 
to assess melanoma cells' in vitro metasta  c poten  al. In the in vivo experimental lung metastasis model, cells were 
injected into the tail vein and metastasized tumor colonies on the surface of the lungs were counted. The correla  on 
of GSTA4 expression in human melanoma pa  ents with tumor-free survival rates, and response to an  –PD1 treatment 
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in correla  on with GSTA4 expression and survival rates were obtained from publicly available databases. Results:
Upon re-challenging into OVA-immunized mice, IMM cells showed unrestrained progression, while the growth of 
NIMM and GKO-IMM tumors was suppressed. In addi  on, only IMM cells specifi cally lost OVA an  gen expression, 
indica  ng that these cells gained the ability to evade the OVA-specifi c an  tumor immune response. In line with in vivo 
data, IFNγ treatment in vitro reduced the viability of parental B16OVA, NIMM, and GKO-IMM cells, while the viability 
of IMM cells was intact. Interes  ngly, IFNγ upregulated the expression of MHC class I (H-2Kd) and PD-L1in IMM cells, 
sugges  ng that these cells did not have the defect in IFNγ signaling. We found that the lack of IMM cell responsiveness 
to the IFNγ-induced cytosta  c eff ect was due to the acquisi  on of resistance to the IFNγ-induced oxida  ve stress 
response. Gene expression analysis using DNA microarray revealed that the most upregulated gene in immu noevasive 
IMM cells was glutathione-S-transferase-4 (GSTA4). GSTA4 is a member of a family of detoxifi ca  on enzymes that play 
an essen  al protec  ve role in cellular oxida  ve stress responses [6]. GSTA4 overexpression in parental B16OVA cells 
reduced ROS produc  on and increased their resistance to the IFNγ-induced cytosta  c eff ect in vitro. Consequently, 
the growth of B16OVA cells overexpressing GSTA4 was more aggressive in OVA-immunized mice than that of parental 
B16OVA cells. In parallel, the knockdown of GSTA4 in IMM cells led to increased intracellular ROS levels and decreased 
viability upon in vitro IFNγ treatment. IMM tumors were resistant to an  -PD1 treatment in vivo, and the knockdown 
of GSTA4 reinvigorated their responsiveness. In addi  on to the role in acquired resistance to IFNγ, we found that the 
upregula  on of GSTA4 was also responsible for the higher metasta  c poten  al of IMM tumors. Next, we confi rmed 
the results from the mouse model in human melanoma. GSTA4 expression levels in Malme3M, UACC 62, and MeWo 
melanoma cell lines inversely correlated with their sensi  vity to in vitro IFNγ treatment. Database analysis revealed 
a signifi cant correla  on between the expression of GSTA4 and the metastasis-free survival rate of human melanoma 
pa  ents. Melanoma pa  ents with low GSTA4 expression were be  er responders and showed a be  er progression-free 
survival rate to an  -PD1 therapy, further suppor  ng the clinical relevance of our fi ndings. Conclusion: In this study, 
we uncovered a new mechanism through which cancer cells evade immune surveillance and enhance their ability to 
metastasize by developing resistance to oxida  ve stress responses through GSTA4 upregula  on. Our results suggest 
that targe  ng the oxida  ve stress response in cancer cells emerges as a promising therapeu  c strategy to overcome 
immune resistance and regulate the progression of metastasis [7].
Keywords: Immunotherapy, Interferon-gamma, Melanoma, Neoplasm Metastasis, Oxida  ve Stress
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