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Metabolic shift to serine biosynthesis through 3-PG accumulation and PHGDH induction

promotes tumor growth in pancreatic cancer
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Abstract of the Thesis

Background and Purpose: Cancer cells craftily adapt their energy metabolism to their
microenvironment. Nutrient deprivation due to hypo vascularity and fibrosis is a major
characteristic of pancreatic ductal adenocarcinoma (PDAC); thus, PDAC cells must produce energy
intrinsically. The aim of this study is to clarify the molecular mechanism underlying the metabolic
shift of pancreatic cancer cells under the serine deprivation, focusing on the serine biosynthesis,

which is a kind of non-essential amino acid.

Methods: Immunohistochemical staining of PHGDH, which is one of the serine biosynthesis
enzymes, and amino acid analysis were performed using pancreatic cancer patients’ samples. And
proliferation assay was performed using pancreatic cancer cell lines under serine deprivation. At that
time, changes in intracellular serine concentration and expression of PHGDH were examined.
Furthermore, the methylation level of the CpG sites in the PHGDH promoter region was verified
using pyrosequence. In addition, in order to verify the relationship between the serine biosynthesis
and the glycolysis, comprehensive analysis of metabolites was conducted when the glycolytic enzyme

PGAMI1 was knocked down under serine deprivation.

Results: Amino acid analysis revealed that the concentrations of all essential amino acids and most
nonessential amino acids were decreased in the blood of PDAC patients. In addition, the plasma
serine concentration was significantly higher in PDAC patients with PHGDH-high tumors than in
those with PHGDH-low tumors. Although the growth and tumorigenesis of PK- 59 cells with
PHGDH promoter hypermethylation were significantly decreased by serine starvation, these
activities were maintained in PDAC cell lines with PHGDH promoter hypomethylation by serine
biosynthesis through PHGDH induction. PHGDH knockdown efficiently suppressed PDAC cell
growth and tumor growth under serine starvation. In addition to PHGDH induction by serine
starvation, PDAC cells showed enhanced serine biosynthesis under serine starvation through 3-PG
accumulation via PGAM1 knockdown, resulting in enhanced PDAC cell growth and tumor growth.

Discussion: It has been reported that activation by Kras mutation, which is often seen in pancreatic
cancer, imparts the resistance to serine starvation. However, PK-59 with Kras mutation does not have
resistance to serine starvation, and it was newly revealed that the methylation level of PHGDH

promoter region is involved in serine starvation.

Conclusions: PDAC cells maintain their proliferation by enhancing serine biosynthesis, in nutrient-
deprived microenvironments. The expression level of PHGDH is useful as a marker for predicting

its proliferative potential, and at the same time, it can be a therapeutic target.
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