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INTRODUCTION

The Warburg effect is a distinct metabolic phenotype observed in a variety of cancers,
including lung, breast, colorectal, and glioblastoma (GBM).1* It is characterized by a high
glucose demand while favoring lactic acid fermentation even in the presence of
oxygen. A normal cell, by contrast, utilizes oxidative phosphorylation for 19 times
more ATP production when oxygen is present.

Many cancer studies have demonstrated that glucose scarcity leads to the inhibition of
cancer cell growth356, |n addition it has been demonstrated that unlike normal glial
cells, gliomas are unable to effectively use ketone bodies (KB) as a glucose
alternative.35 Levels of plasma KB are lowest following meals with high protein or
carbohydrate, and increase as a result of an overnight fast, post-exercise, ketogenic
diet, prolonged fasting, and starvation.2

This supports the idea that low glucose and high KB blood levels may inhibit cancer cell
viability. Thus, it is possible that diet and lifestyle modifications may be a valuable
component in the care and management of glioblastoma patients.
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Figure 1. Normal mitochondria (left) contain
elaborate cristae, embedded with protein
complexes of the electron transport chain -
producing ATP via OxPhos. The mitochondrion
from the glioblastoma (m) shows a breakdown of
cristae. This supports the Warburg effect since
lack of cristae in GBM mitochondria indicates
that OxPhos would be deficient. Arrows indicate
an inner membrane fold.*
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The overall objective is to describe whether glioma cells can utilize KBs as an alternative
to glucose, using the adherent human glioblastoma cell line M059J and the KB, beta-
hydroxybutyrate (BHB). We hypothesize that glioma cells will not be able to utilize BHB
when deprived of glucose. Therefore, cell viability, quantified using WST-1 assay, and
motility, determined by wound healing assay, will be impaired in glioma cells deprived of
glucose and treated with BHB compared to glia grown in normal media.

MATERIALS AND METHODS

MO059J glioma cells were maintained in Normal media w 10% FBS, 1% Antimicrobial,
and 1% NEAA.

BHB treatments -0, 1,2, 5, & 10 mM — were added to either Zero, Low, or Normal
growth media with glucose concentrations of 0, 2.5, & 17.5 mM respectively.

Cell viability was assessed using the WST-1 assay, then quantified with a microplate
reader to measure absorbance.
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RESULTS

Il Normal glucose EH Low glucose

0.6 O Eliminating glucose significantly decreased cell viability compared to
. : the low dose of glucose.
E O BHB (at doses of 1, 2, 5, or 10 mM) significantly decreased cell
o viability only for the zero glucose condition.
g 0.4 O Compared to 0OmM BHB, cell viability decreased only following BHB
3 concentrations of 2, 5, or 10 mM.
£ Taken together, both cell viability experiments suggest that BHB is non-
2 0.2 cytotoxic in the presence of glucose, regardless of glucose conditions
] tested (2.5 mM & 17.5 mM).
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N N effects of glucose/BHB concentrations on the motility of M059J cells.
BHB Concentration (mM) » WST-1 assay will be performed using a wider range of glucose
Figure 2. WST-1 data. Data absolute values (no of blank abs.) at 450 nm. concentrations in media to investigate the role of glucose when BHB
Data were analyzed using a two-way ANOVA showing extremely significant effects of BHB concentration, F (9, )
33) = 68.95, p< 0.0001. No significant effect of glucose concentration, F (5, 33) = 0.6431, (p >0.05) on cell is present
viability. This suggests that BHB does not have an effect in the presence of glucose. Bonferroni multiple
comparisons t-tests show significant *p< 0.05; ** p< 0.001; *** p<0.0001
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0.05-] Figure 2. Overview of wound healing assay. Adherent cell lines grow in a monolayer along
the bottom of a 24-well culture plate. A wound is created by “scratching” along the bottom of
a confluent well, and image of each wellis then captured at time zero. Images of each well
are captured at various time intervals (1, 3, 12, 24 hrs) for data analysis. The rate of closure
will be quantiied using Imaged. The image on the right shows a well M059J monolayer
_ scratched w a p1000 tip prior to treatment at 40X magnification
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Increased glucose availability (17.5 mM) correlates to increased proliferation when

compared to cells grown in a low concentrations of glucose (2.5 mM) — regardless 6-

of BHB dosage (0-2, 5, or 10 mM).

BHB concentration showed no significant effect within either glucose
concentration groups (2.5 or 17.5 mM), *p< 0.05.

The effect of glucose concentration on cell viability is significant. *** p<0.0001.

Figure 3. Cell viability is altered by b-hydroxybutyrate
depending on glucose availability.
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