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preventive or therapeutic approaches using natural compounds and 
(b) provide molecular insights for the development of novel anticancer 
treatments targeting tumor growth in altered metabolic pathways.
We have conducted experiments using natural products focusing on
metabolic targets in pancreatic cancer to provide evidence that natural
compounds can alter cancer metabolomics.  We hypothesized that
KRAS-driven signals may initiate an abnormal chain of metabolic
alterations, including enhanced glycolysis, diverted glutamine
consumption, anomalous pentose phosphate pathway and autophagy.
These aforementioned alterations may induce pancreatic cancer cells to 
become dependent upon certain metabolic pathways, thereby playing a 
major role in the development, survival and invasiveness of pancreatic
tumor cells.  To test our hypothesis, we performed microarray-based
global gene expression profiling, using RNA isolated from cancer cells,
in the presence and absence of MSE or GC to determine whether MSE
or GC- induced anticancer activity by modulating targets associated
with cancer metabolism. Mammalian Target of Rapamycin (mTOR), a
central downstream target of Akt, is a highly conserved protein kinase, 
and is frequently activated in Pancreatic Ductal Adenocarcinoma
(PDAC). mTOR, a master regulator of cell growth and proliferation
downstream of oncogenic signaling pathways, controls specific aspects
of cellular metabolism by inducing gene expression [10]. Our recent
preliminary studies with plant-derived products, Melinjo Seed Extract
(MSE) and its major component Gnetin C (GC), indicated that MSE and 
GC significantly inhibit human pancreatic cancer cells proliferation.
Consistent with our in vitro findings, the dietary administration of
MSE (2% w/w) significantly inhibited the formation of Pancreatic
Intraepithelial Neoplasia (PanIN) and prevented the development of
PDAC in LSL-KrasG12D/p48-Cre mice, a well-established mouse model
of pancreatic cancer. However, the molecular mechanism by which
MSE or GC prevent pancreatic cancer remains to be determined The
regulation of transcription by the Mitogen-Activated Protein Kinase
(MAPK) pathway has been reported to play a key role in metabolic
reprogramming in PDAC. Studies also suggest that oncogenic
constitutively active KRAS and its overactivated downstream signaling 
factors, such as B-Raf, phosphatidylinositol-3-kinase (PI3K) and Akt/
mTOR, are involved in metabolic pathways of pancreatic cancer [11].
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Metabolomics is a science of systems biology that allows global 
assessment of endogenous metabolites within a biological system. It 
represents a “snapshot” reading of gene function, enzyme activity, and 
the physiological landscape. Metabolite detection, either individually or 
grouped as metabolomics profile, is usually performed in cells, tissues, 
or biofluids. This is accomplished by either nuclear magnetic resonance 
spectroscopy or mass spectrometry, followed by multivariate data 
analysis. Since the loss of metabolic homeostasis is known to be involved 
in the pathogenesis of many diseases, the metabolome could have 
multiple applications, including identifications of biomarkers and drug 
target validation. Although there is evidence of successful preclinical 
applications, the clinical utility and application of metabolomics in 
diseases is just emerging. 

Natural products, particularly those from medicinal plants, are 
one of the major dietary sources of compounds that have efficacy 
against cancer and other diseases. Our group and others have shown 
the clinical utility of some of the compounds derived from plants. For 
example, resveratrol, a stilbenoid derivative, found in the skin of red 
grapes and a constituent of red wine, has anti-aging properties and 
may be effective in preventing vascular diseases, cancers, viral infection 
or neurodegenerative processes [1]. Ellagic acid is a polyphenol 
primarily found in the seeds of the raspberry as ellagitannins, impairs 
carcinogenesis through inhibition of the cytochrome-P450 enzymes 
CYP 2A2, 3A1, 2C11, 2B1, 2B2 and 2C6, by preventing the metabolism of 
certain compounds to carcinogens [2]. Curcumin, an active ingredient 
of turmeric (curry powder), has been linked with the prevention and 
treatment of a wide variety of cancers through modulation of multiple 
cell signaling pathways [3]. Omega-3 fatty acids from fish oil has 
been reported to 1) reduce cardiovascular morbidity and mortality; 
2) increase the likelihood of healthy brain development in infants; 3)
prevent certain forms of cancer; 4) promote optimal brain and vision
function; 5) reduce the probability of arthritis, hypertension, diabetes
mellitus and neurological/neuropsychiatric disorders [4]. Caffeic Acid
Phenethyl Ester (CAPE), a major constituent of honeybee propolis, is
a commonly used dietary supplement known to have anti-tumor, anti-
inflammatory, antioxidant, and immunomodulatory properties [5].
Melinjo (Gnetum gnemon L.) seeds are rich in stilbenoid dimers, such as 
Gnetin C (GC) and its glucosides (gnemonosides A, C, and D). Melinjo 
Seed Extracts (MSE) via antioxidant action, can 1) inhibit bacterial
lipase; 2) stimulate amylase activity; 3) inhibit tyrosinase; 4) produce
antiangiogenic, anti-tumor and anti-metabolic effects [6,7]. Recently,
it has been shown that the combination of bioactive components or
pharmaceutical compounds produce synergistic beneficial anticancer
effects in various in vivo tumor models [8,9]. However, the molecular
mechanism for their anticancer activity of bioactive components
remains to be elucidated.

Currently, studies are being directed towards characterization and 
identification of the metabolic events involved in tumor growth and 
their reversal or blockage by natural compounds. We envision that this 
approach will help to (a) promote metabolic biomarker discovery for 
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Consistent with other studies, our preliminary microarray analysis 
indicated that MSE and GC modulate key targets in glucose and lipid 
metabolism, cholesterol biosynthesis and amino acid metabolism, as 
well as downregulating oncogenic KRAS and Akt/mTOR signaling 
pathway genes. Based on our preliminary findings from microarray-
based gene expression profiling studies, we provide a summary of 
the effect of MSE on the oncogenic KRAS-driven signaling networks 
in tumor microenvironment potentially associated with pancreatic 
cancer metabolism (Figure 1). In summary, dietary substances with 
anti-tumor activities may have the potential to modulate the KRAS-
driven, oncogenic pathway-reprogrammed cancer cell metabolism and 
prevent the development of pancreatic cancer, as well as other cancers 
types, such as cancers of the colon and lung.
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Figure 1: Schematic overview on the effect of dietary MSE on the KRAS-
driven oncogenic signaling network associated with cell survival and 
proliferation, including metabolism in pancreatic cancer. Membrane EGFR 
and other RTKs play a critical role in the development and progression of 
many types of cancer.  Pro-tumorigenic inflammatory signaling induced in the 
tumor microenvironment activates KRAS by positive feedback mechanisms via 
EGFR and RTKs in an autocrine-paracrine manner. Mutated oncogenic KRAS 
interacts with the PI3K/AKT/mTOR signaling network and transform normal 
cells, leading to the initiation and progression of pancreatic cancer. Also, 
oncogenic KRAS signals through the Raf-MEK-ERK pathway and contributes 
to cancer development and progression. MSE may potentially inhibit these 
signaling pathways and preventing the formation of early neoplastic lesions 
and development of pancreatic cancer. 
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