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Main Research Themes

B 1. Elucidate molecular mechanisms by which cancer-associated fibroblasts (CAFs) promote tumor progression

B 2. Investigate the mechanism for maintenance of tumor-promoting ability of CAFs and their cellular plasticity

B 3. Development of novel cancer treatments targeting the tumor stroma
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1. Elucidation of the mechanism for promoting tumor progression of CAFs

It is not clear whether a single cancer cell that has undergone (complete)
epithelial-mesenchymal transition (EMT) or a cancer cell population (cluster) that
has cell adhesion ability is the primary contributor to cancer invasion / metastasis.
In recent years, multiple groups have reported that cancer cell clusters enhance
cell death resistance and are essential for invasion and metastasis. In addition,
although it is known that signals from the tumor microenvironment promote
invasion and metastasis of cancer cells, there are almost no reports concerning the
formation of cancer cell clusters. What is more, many things remain unclear
regarding the mechanism by which CAFs promote tumor invasion and metastasis.

Under these circumstances, we have shown that CAFs induce partial EMT of

cancer cells, and promote tumor invasion and metastasis through formation of
cancer cell clusters (Fig. 1; Matsumura, et al. Life Sci Alliance, 2019). We extracted
cancer cells transplanted from tumor mass formed by co-transplanting human
breast cancer cells and CAFs into immunodeficient mice. These cancer cells had
acquired properties of the EN type of cancer cells (E-cadherinZEB1'9Me9) that
exhibit epithelial characteristics due to the CAF-derived SDF-1 and TGF-B, as well
as the properties of the E/M type of cancer cells (E-cadherin'°ZEB1") that exhibit
both epithelial and mesenchymal characteristics by being positive for E-cadherin
and ZEB1.
We found that by forming clusters, these two types of breast cancer cells acquired
the abilities to resist cell death, invade extensively and metastasize. Furthermore,
the E/M-type cancer cells that metastasized to the lungs promoted metastatic
colony formation by returning to the epithelial EM phenotype (Fig. 1). It has also
been shown that the E/M- and EMi—type phenotypes, as well as the capacities for
extensive invasion and metastasis induced by CAFs are maintained in a stable
manner in the cancer cells.

Research to further elucidate the molecular mechanism by which CAFs
induce heterogeneity in cancer cells (at least E, E/M-type) and the epigenetic
reprogramming that takes place to maintain the highly invasive and metastatic
capacities in cancer cells in a stable manner is underway.

Tumor cell Metastasis
cluster \ 7
<q :
Primary
tumor
N N
Lung

EcadhiZEB1!c/neg
cancer cell (EM)

N /= E-cadl°ZEB1hi
CAFs  [®) cancer cell (E/M)

(Matsumura, et al. Life Sci Alliance, 2019)
Fig. 1: Discovery of a novel mechanism through which CAFs promote
breast cancer metastasis
® CAFs produce large amounts of the cytokines SDF-1 and TGF-p.
@ Stimulation by these cytokines produce epithelial, EM-type breast cancer cells.

@’ At the same time, CAFs produce E/M type breast cancer cells with enhanced
invasive capacity that exhibit both epithelial and mesenchymal characteristics
through partial epithelial-mesenchymal transition (EMT).

® These breast cancer cells form clusters, undergo local invasion, and pass
through blood vessels to metastasize into the lungs.

@ E/M-type cancer cells that have metastasized to the lungs promote metastatic
colony formation by returning to the epithelial phenotype through mesenchymal-
epithelial transition (MET).
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