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Investigation of the roles of bone marrow-derived fibroblasts/myofibroblasts _and
their molecular mechanism in the carcinogenesis of mouse models of pancreatic
cancer
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We changed the research subjects to the following new ones: A)

Characterization of our newly established two murine pancreatic cancer cell lines: a) from
pancreatic intraepithelial neoplasia (PanIN), b) from intraductal papillary-mucinous neoplasm
IPMN). B) Investigation of molecular mechanism of epithelial-mesenchymal transition (EMT) in human
pancreatic cancer by using pancreatic cancer cell lines (PCLs) and patient-derived pancreatic cancer

organoids (PDOs).

We obtained following results: A) The transcriptome of PanIN cells exhibited properties of
stemness, while that of IPMN cells was enriched for PI3K/Akt signal-related genes. Various
transcriptional factor networks in PanIN and IPMN cells reflect the distinct molecular profiles of
these cell types. B) Among EMT-related transcriptional factors, SNAIL2 is most highly expressed in
PCLs as well as PDOs. Suppression of SNAIL2 decreased tumorigenicity, and microarray analysis
revealed the mechanism was mainly mediated by IGFBP2.
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1) Promoter—level transcriptome identifies stemness associated with relatively high
proliferation in pancreatic cancer cells.

1A: Identification of enriched processes among promoters in PanIN-PC and IPMN-PC cells

KEGG/GO term enrichment analysis revealed that the commonly upregulated promoters
were enriched primarily in important pathways such as PI3K-Akt signaling and focal
adhesion (left: A). The downregulated promoters were enriched in P450 metabolic systems
such as drug metabolism and xenobiotic metabolism (center: B). In IPMN-PC cells,
upregulated promoters were enriched for the GO categories related to inhibitory
enzymatic activity, negative regulation of cell communication, and immune processes
(right: C), indicating a more suppressive signature when compared with that of PanIN-
PC cells.

A Up-regulated genes B Down-regulated genes




1B: Gene set enrichment analysis of the promoteromes in the two types of mouse
pancreatic cancer cell lines, PanIN-PC and IPMN-PC.

Only the expression matrix from PanIN had a detectably distinct pattern different
from that of stepwise development in a mouse embryo. On the contrary, PanIN cells
exhibited negative correlations with all genes that were downregulated during the
early/late differentiation of embryoid bodies from ESCs, suggesting that these cells
tend to lose the capacity for pluripotency.
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1C: Validation of stemness in a mouse cell line derived from pancreatic
intraepithelial neoplasia, PanIN-PC.

The spheres formed by IPMN-PC cells tended to merge upon reaching a diameter of 100y m,
followed by a transformation into an irregular shape and loss of the round shape
(C,D,E). In a comparison of the cell lines, both the numbers of spheres with diameters>
80 um and the average area of a single sphere were likely

to exhibit insignificant differences. After passage, however, PanIN exhibited a greater
capacity in terms of overall sphere formation and spherical size
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1D: Evaluation of chemoresistance in the two types of mouse pancreatic cancer cell
lines, PanIN-PC and IPMN-PC.

To evaluate the activation of the PI3K-Akt signaling pathway in IPMN-PC cells,
GSK690693 (Akt inhibitor) was added to cultures of both cell lines, and the effect was
investigated. Notably, GSK690693 decreased the proliferation rate of IPMN-PC cells in
an approximately dose—dependent manner (left: A). We also treated both cell lines with
gemcitabine, and IPMN-PC and PanIN-PC cells did not differ greatly in terms of
sensitivity on gemcitabine (right: B).
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*In conclusion, the various transcriptional factor network systems detected in PanIN-
PC and IPMN-PC cells reflect the distinct molecular profiles of these cell types.
Further, we hope that these findings will enhance our mechanistic understanding of
the characteristic molecular alterations underlying pancreatic cancer precursors.
These data may provide a promising direction for therapeutic research.



2) SNAIL2 is a critical factor for tumorigenicity and chemoresistance in human
pancreatic cancer.

2A: SNAIL2 was highly expressed in pancreatic cancer cell lines as well as patient—
derived pancreatic cancer organoid.

We analyzed mRNA expression of epithelial mesenchymal transition (EMT)-related
transcription factors such as SNAI1, 2, TWIST1, 2 and Zebl, 2 for highly tumorigenic
human pancreatic cancer cell lines KLM1 and KMP5 as well as patient—derived pancreatic
cancer organoid (PD-PCO). Results showed that SNAIL2 expression was significantly
higher than that of others.
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2B: Lentivirus—mediated SNAIL2 knockdown reduced tumorigenic potential.

We generated SNAIL2 gene knockdown stable clones (shSNAI2) via gene transduction of
short hairpin RNAs with lentiviral vectors against KLM1, KMP5 and PDPCO. Xenograft
assay using subcutaneous transplantation model of immunodeficient mice showed that a
difference in the number of tumors formed via the dilution of cell numbers that should

be transplanted and the growth rate of tumor formation reduced. Thus, shSNAI2 had a
lower tumorigenic capacity
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2C: SNAIL2 knockdown attenuated resistance to chemotherapy in pancreatic cancer cell
lines as well as patient—derived pancreatic cancer organoid.

To evaluate chemotherapy resistance, we performed cell proliferation assay using WST-
8 for survival after gemcitabine treatment. Results showed a significant reduction in
the survival of shSNAI2 compared with controls, thereby indicating a reduction in
treatment resistance to gemcitabine
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2D: Microarray analysis identified significant annotations.

To elucidate the mechanisms associated with the results, we performed a microarray
analysis comparing RNA samples between the control vector and shSNAI2 groups using
KLM1 and PD-PCO. A gene set enrichment analysis showed significant differences in the
gene sets involved in EMT and stem cell differentiation in both the KLM1 and PD-PCO
groups (left panel). In addition, Metascape was explored to examine for Gene Ontology
(GO) terms with significant changes in the KLM1 and PD-PCO groups. Among the top listed
GO terms, there were EMT-related and biological function terms as expected, but apart
from them, insulin-like growth factor binding protein (IGFBP)-related term are uniquely



found. (right panel) Next, we examined changes in mRNA expression of these IGFBPs, and
IGFBP2 was found to be most significantly downregulated in shSNAI2 compared with
controls in both KLM1 and PD-PCO (data not shown).
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2E: Gene transduction of IGFBP2 restored the properties of cancer stem cells.

The overexpression of IGFBP2 in SNAI2 gene knockdown clones (sh+IGFBP2) confirmed the
transcriptional overexpression of the transduced IGFBP2 gene (data not shown). In the
assessment of xenograft tumorigenicity, sh+IGFBP2 and sh+tSNAI2 had a greater number of
tumors formed via the dilution of cell count and that the tumor size increased (left
panel). In addition, cell proliferation assays showed an almost complete restoration
of treatment resistance to gemcitabine in sh+IGFBP2 compared with sh+SNAI2 (right
panel). Thus, SNAIL2 contributed to the properties of cancer stem cells mainly via
IGFBP2 in pancreatic cancer.
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*Taken together with 2A-2E, we conclude that SNAIL2 is a critical factor for
tumorigenicity as well as chemoresistance in human pancreatic cancer, and IGFBP2 is
the main downstream target regulated by SNAIL2.
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