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Abstract

MCFI0A breast epithelial cells that have high glycolysis rate
(Warburg effect) were used as a model in this study to evaluate the
effectiveness of fluorescence lifetime imaging technique to monitor
metabolic alterations associated with cancer treatments. MCF10A cells
were divided into two groups: the first group was cultivated in the
Mammary Epithelial Basal Medium (MEBM) supplemented with 3% horse
serum (complete medium) before and during the treatment, the second
group was cultivated in (MEBM) without horse serum (serum free
medium) before and during the treatment. Four anticancer agents (2-
Deoxy-D-Glucose (2-DG), Lonidamine, Oxythiamine Chloride, and 4-
(Chloromethyl) Benzoyl Chloride (4-CMBC)) were used in addition to the
mitochondrial uncoupler agent Carbonyl cyanide m-chlorophenyl
hydrazone (CCCP) to induce metabolic perturbation due to inhibition of
glucose metabolism or dissipation of mitochondrial membrane potential
required for the energy production. Control groups were examined in the
presence of the medium only. The fluorescence lifetime of cellular NADH
was measured after different incubation periods with the inhibitors
according to the type of the inhibitors using Leica SP2 multiphoton
confocal laser scanning microscope equipped with fluorescence lifetime

imaging components.

Results showed a significant decrease (p<0.05) in the mean
fluorescence lifetime (tm) and fluorescence lifetimes of the free (t1) and
bound(t2) NADH after the treatment with CCCP in serum free medium
without any change in the relative contribution of free to bound form. The
treatment with 2-DG caused a significant increase (p<0.05) in the mean
fluorescence lifetime and fluorescence lifetimes of the free and bound

NADH with increased amount of free NADH in the cells. A significant
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decrease (p<0.05) was observed in the mean fluorescence lifetime
after the treatment with Lonidamine associated with a significant increase
in the amount of free to bound NADH after 24 hours in the presence of
serum and after 2,24, and 48 hours in the absence of serum. Oxythiamine
treatment showed no significant differences in the mean fluorescence
lifetime between control and treatment groups in the presence or the
absence of serum. The fluorescence lifetime of free NADH showed a
significant increase (p=<0.05) in the first hour of treatment only in the
presence of serum. The relative contributions of free and bound NADH
showed a significant decrease (p<0.05) in the first hour and a significant
increase after 48 hours of treatment in the absence of serum. The addition
of 4-chloromethyl benzoyl chloride caused a significant decrease (p<0.05)
in the mean fluorescence lifetime after 2 and 24 hours of treatment in the
absence of serum. A significant increase (p<0.05) was observed in the
fluorescence lifetime of free NADH after 48 hours of treatment in the
presence of serum, and a significant decrease after 2 hours in the
absence of serum. Fluorescence lifetime of bound NADH showed a
significant increase (p<0.05) only after 2 hours of treatment in the absence
of serum. A significant decrease (p<0.05) in the free to bound NADH ratio
was observed after 24 and 48 hours of treatment in the presence of serum
and after 24 hours in the absence of serum. The results from this study
indicate that fluorescence lifetime imaging technique could be a beneficial
tool to follow the metabolic alterations associated with cancer treatments. [t
was also successful to recognize minute changes in free to bound NADH

ratios in epithelial cells.
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