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Tumor heterogeneity is composed of genetic and phenotypic changes in tumor itself, and also
of the consequence of reciprocal evolution together with the tumor microenvironment containing
a variety of cells such as stromal cells, vascular cells and immune cells in the host. Imbalanced

immunity is one of the major problems of amplifying tumor heterogeneity leading to resistance
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to treatments. Many blocking antibodies specific for immune inhibitory checkpoint molecules
have been recently developed in clinical settings, and the clinical responses have convinced us of
its efficaciousness. However, good results are limited to a part of the treated patients, and
additional but distinct strategy is needed for treating patients more efficiently and effectively.
We have been investigating the interplay between cancer cells and the host including tumor
milieu microenvironment and systemic environment collectively, and previously identified
molecular mechanisms involved in immune suppression and dysfunction caused by Snail* cancer
stem-like cells. We are now establishing blocking antibody therapeutics specific for the key
molecule that plays a central role in the adverse immunity. In this P-CREATE project, we
attempt to evaluate the potential of targeting the key molecule (X) in clinical setting. Here, we
conduct clinical analysis using patient-derived samples under the protocol approved by the IRB
at the National Cancer Center, and also in vivo therapeutic study using mouse tumor models
implanted with murine tumor cell lines and many other therapeutics relevant to clinical
treatments.

In the first year, we found that X protein expression is upregulated in the tumor tissues and
sera of patients with lung cancer by immunohistochemical observation and ELISA titration, and
the positivity is significantly correlated with the recurrence-free survival of the patients,
suggesting a poor prognostic factor in lung cancer. In the mouse models implanted with murine
lung cancer 3LL that also highly express X, treatment with the anti-X blocking mAb, but not
immune checkpoint inhibitors such as anti-CTLA4 and anti-PD1 mAbs, significantly suppressed
tumor growth and metastasis through preventing amplification of immune suppressors
including CD4+Foxp3* Tregs and mesenchymal stem/stromal cells (MSCs) resulting in reduction
of the consequent CD8+*PD1+Eomes* exhausted CTLs. Blocking X synergistically enhances the
therapeutic efficacy induced by immune checkpoint inhibitors in these models. In contrast, the
anti-tumor activity is much lower in the models implanted with X-negative or low tumor cells.
This suggests that the X positivity in the tumor tissues could define a potential application of the
antibody to the patients who are likely to respond to the treatment. As additional strategy for
further enhancing anti-tumor activity induced by the treatment, we newly started on
development of another antibody therapeutics targeting cancer-associated MSCs, which not only
confer higher invasive and metastatic properties on tumor cells, but also impair anti-tumor
immunity by generating various immune suppressors. We already established dozens of clones
capable of producing IgG specific for the molecule that is highly and functionally expressed in

the cancer-associated MSCs.
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