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Project Summary

. . PPARYy activated-galectin-9 induction and CCL4 repression
Title of Project ] )
suppresses gastric cancer progression

Key Words PPARy, galectin-9, CCL4, gastric cancer

Project Leader Soo-Jeong Cho

Associated Company

Background: The importance of PPARy (peroxisome proliferator-activated receptor y) in
gastric cancer (GC) is unclear. We investigated the role of PPARy in GC cells and an animal
model, and its prognostic significance of PPARYy in GC patients.

Methods: We controlled PPARy and galectin-9 expression by using siRNAs and lenti-viral
constructs. Interaction between PPARy and galectin-9 was evaluated using luciferase and ChIP
assays. PPARy expression of GCs was determined by immunohistochemical staining of tissue
microarrays. COX proportional hazards regression was used for survival analysis.

Results: Overexpression of PPARy was accompanied by increased galectin-9.
Enhanced PPARYy or galectin—9 expression increased E-cadherin expression, decreased
expression of N-cadherin, fibronectin, snail, twist and slug; and reduced cell invasion
and migration. PPARY bound to the galectin-9 promoter region. Galectin-9 activity
increased in PPARY overexpressing cells but decreased in PPARy siRNA-treated cells.
In a zebrafish xenograft model, the number of migrated cancer cells and number of
fish with AGS cells in the tail vein were reduced in PPARYy-overexpressing GC cells.
PPARy was expressed in 462 of the 688 patients (69.2%) with GC. In 306 patients
with intestinal-type GC, those with PPARy-positive tumors had lower overall and
cancer—specific mortalities than those with PPARy-negative tumors. PPARY expression
was an independent prognostic factor for overall and GC-specific mortality in patients
with intestinal-type GC (adjusted HR, 0.42; 95% CI, 0.22-0.81).

Conclusions: PPARy inhibits cell invasion, migration, and epithelial-mesenchymal
transition through up-regulation of galectin-9 invitroandinvivo.Tumor PPARY expression

is associated with higher survival for intestinal-type GC patients.
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Overexpression of PPARy was accompanied by increased galectin-9. Enhanced PPARy or
galectin—9 expression increased E-cadherin expression, decreased expression of N-cadherin,
fibronectin, snail, twist and slug; and reduced cell invasion and migration. PPARy bound to
the galectin-9 promoter region. Galectin-9 activity increased in PPARy overexpressing cells
but decreased in PPARy siRNA-treated cells. In a zebrafish xenograft model, the number of
migrated cancer cells and number of fish with AGS cells in the tail vein were reduced in
PPARy-overexpressing GC cells. PPARy was expressed in 462 of the 688 patients (69.2%)
with GC. In 306 patients with intestinal-type GC, those with PPARy-positive tumors had
lower overall and cancer—specific mortalities than those with PPARy-negative tumors. PPARy
expression was an independent prognostic factor for overall and GC-specific mortality in
patients with intestinal-type GC (adjusted HR, 0.42; 95% CI, 0.22-0.81).

In this study, we evaluated the anti-metastatic ability of PPARYy i/n witro and in wivo and
examined the relationship between PPARY expression and patient survival in a large number
of patients with GC. We demonstrated that enhanced PPARy activity reduced GC cell
migration, invasion, and EMT factors of GC cells throughup-regulation of galectin-9, a
downstream product in the PPARy pathway. We also found that PPARYy expression was
associated with less advanced disease overall and improved survival in patients with
intestinal-type GC, thereby suggesting that PPARY is a marker of less aggressive GC.

The role of PPARyY in GC has not been firmly established. Experimental studies have
suggested that PPARYy functions in cell cycle regulation, suppression of cyclooxygenase-2,
inhibition of the antiapoptotic bcl-2/bcl-x1 family, and activation of p53 in GC cells (17, 29),
supporting its antineoplastic effect. In GC cell lines, PPARy ligands inhibit cell growth by GI1
cell cycle arrest, induce apoptosis in a dose-dependent manner, and inhibit GC cell invasion,
migration, and matrix metallopeptidase-2 secretion (17, 27). PPARy ligands also impede
neovascularization, thus suppressing cancer growth (27). Likewise, endogenous PPARY ligands,
such as 15*deoxy*AZ‘M*prostaglandin J2, may negatively affect invasion, metastasis, or
neoangiogenesis of cancer cells in PPARy-expressing tumors. Mice with PPARYy deficiency
(PPARYy (+/—) are more susceptible to N-methyl-N-nitrosourea-induced gastric carcinogenesis
(28). A recent study showed that hypermethylation of the PPARY promoter was associated
with poor prognosis in colorectal cancer (35). Epigenetic silencing of PPARyand consequent
lower expression of PPARy in GC patients may suggest that PPARY involved early in gastric
carcinogenesis and expression of PPARycan be altered during tumor progression by epigenetic

silencing.

Although the prognostic value of PPARY has been previously established for colorectal
cancer (29, 30), ours is the firststudy to demonstrate that PPARy is an independent prognostic
factor in patients with GC. However, PPARy was an independent prognostic factor only in
intestinal-type GC, which may be attributable to the putative origin of this type of GC. It is
thought that intestinal-type GC often arises from an H. pylori-induced inflammatory process
involving atrophic gastritis, intestinal metaplasia, and ultimately GC (9). PPARY suppresses H.
pylori-induced apoptosis in gastric epithelial cells by direct inhibition of H. pylori-induced
NF-xB activation (31), thereby suggesting that PPARy may interfere with the initial
inflammatory process. As expression of NF-xB/p65 and its target genes are higher in
intestinal-type GC than diffuse-type GC, and rates of NF-xB/p65 positivity are higher in



cagA-positive H. pylori infected patients than in cagA-negative patients (32), the crosstalk
between PPARy and NF-kB may explain PPARY's survival effects being limited to
intestinal-type GC.

By contrast, diffuse-type GC is influenced more by genetic factors than H. pylori infection.
It is thought to originate from gastric epithelial stem cells and/or precursors in the isthmus
region of the middle portion of the epithelium (33). Although the expression rate of PPARy in
diffuse type GC was similar to that of intestinal type GC in our study (70.7% vs. 68.3%), the
mortality of diffuse-type GC was not affected by the PPARy status. This may be explained
by the different carcinogenesis of these GCs.

Galectin—9 is a member of the B-galactoside-binding galectin family of proteins (39), which
suppresses invasion of tumor cells in colon cancer and melanoma cell lines by inhibiting the
binding of tumor cell adhesive molecules to ligands on vascular endothelium and extracellular
matrices (40). Galectin-9 is also a prognostic factor in breast cancer (41). Along with our
findings, these observations suggest that galectin-9 may be a potential therapeutic target to
inhibit EMT and thus reduce metastases in GC.

Byconferring migratory and invasive abilities ontumor cells, EMT increasesresistance to
apoptosis, leading to acquired drug resistance (42) enables evasion of host immune surveillance
(43) and endows cells with stem cell traits (44). Although tumor recurrence is not associated
with PPARYy expression in our study, PPARYy expression was significantly associated with
reduced overall and GC-specific mortalities, which are mostly influenced by distant metastases
(not local recurrence) in GC (2-4). Meanwhile, EMT has also been implicated in the
acquisition of drug resistance to chemotherapeutic agents (45). These observations emphasize
why strategies to block EMT by activating PPARy may be particularly useful in the clinical
management of patients with GC.

Although this study evaluated a substantial number of patients with GC, thereby enabling
robust survival analyses, it had limitations. First, the study was performed at a single
institution, preventing external validation. Second, other tumor-related proteins were not
studied. Third, we did not determine the H. pylori status of the patients in the study.
However, the ability to detect H. pylori at this stage may have been limited; although H.
pylori can act as an early initiating agent in carcinogenesis, it may have disappeared by the
time GC develops (8).

In summary, we have shown that enhanced PPARYy activity reduced GC cell migration,
invasion, and EMT through up-regulation of galectin-9. We have also demonstrated that
PPARYy expression is independently associated with a good prognosis in intestinal-type GC.
These findings suggest the possibility of PPARYy, or perhaps galectin—-9, as a potential
therapeutic target for GC.
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