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The Impact of Sex Differences in Central Nervous System Immunity on Brain

Tumor Immunotherapy
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Abstract

Glioblastoma (GBM) is one of the most common malignant brain tumors, with a median survival of less than two years
despite standard treatment. In particular, there is no standard treatment for recurrent cases, highlighting the urgent
need for novel therapeutic strategies. Virus- and gene-based therapies have garnered attention as emerging treatment
approaches, with promising efficacy suggested in GBM. We have developed the Ad-SGE-REIC agent, an adenoviral
vector carrying the tumor suppressor gene REIC/Dkk-3, and have conducted both basic and clinical research. Recently,
the relationship between sex differences and treatment outcomes in GBM has attracted attention; however, the
underlying mechanisms remain largely unknown. This study aimed to elucidate the impact of sex differences on the
tumor microenvironment and immunotherapy response in GBM. We performed epidemiological analyses using the
Surveillance, Epidemiology, and End Results (SEER) database, as well as gene expression analyses. The SEER data
analysis revealed that the age-adjusted incidence rate and age-adjusted mortality rate of GBM were significantly higher
in males, and in long-term survivors (=3 years), the mortality-to-incidence ratio was significantly lower in females.
Gene expression analyses of GBM indicated sex differences in immune-related pathways, particularly in immune
response pathways such as cytokine-cytokine receptor interaction. Additionally, digital flow cytometry analysis showed
sex-based differences in immune cell populations within the tumor microenvironment, including M2 macrophages, Yo
T cells, and NKT cells. These findings suggest that sex differences in GBM influence the tumor microenvironment,
immune cell infiltration, and potentially the response to immunotherapy. We are currently conducting a physician-
initiated phase I/Ila clinical trial of Ad-SGE-REIC and performing single-cell analyses using patient samples obtained
from this trial. Moving forward, the establishment of sex-specific therapeutic strategies may contribute to the
optimization of immunotherapy for GBM.



