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Abstract—Insulin, which activates and modifies metabolic pathways in MCF-7 human
breast cancer cells, is shown to increase the cytotoxic effect of methotrexate up to ten
thousand-fold in vitro. This enhanced cytotoxicity is not due to an increased bound
intracellular drug level, an increased growth rate or an increase in S phase cells, but
may involve the modification or activation of biochemical pathways associated with cell
growth, even in cells not undergoing DNA synthesis. This observation supports the
hypothesis that tumor cell sensitivity to chemotherapy could be increased by using agents
that can activate the biochemical or metabolic pathways that determine the cytotoxic process.

INTRODUCTION

It 15 well established that rapidly growing, high
growth fraction tumors are more sensitive to
chemotherapy than slow growing, low growth
fraction tumors [l1]. This reflects significant
metabolic or biochemical differences between
rapidly cycling, slow cycling and non-cycling
cells. It would therefore be desirable to modify
the metabolic characteristics of slow cycling and
non-cycling cells in such a way that they
develop drug sensitivity comparable to that of
fast cycling cells.

Although pharmacological studies of che-
motherapeutic agents have identified bioche-
mical and metabolic pathways that are related
to the cytotoxic process, the precise biochemical
lesions that actually cause the irreversible
process of cell death have not been clearly
defined. Nevertheless, physiological agents
such as hormones are known to produce many
metabolic changes in target cells. The possi-
bility thus arises that changes, for example, in
the hormonal milieu of tumor cells, could be
created for the express purpose of inducing
changes in the biochemical profile of these cells,
thereby enhancing their drug sensitivity. Put
most simply, if a drug’s cytotoxicity depends
upon the disruption of one biochemical pathway
which is dormant, then the drug should have no
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lethal effect. If this pathway is active, then the
consequences of its disruption should be lethal
to the cell.

Insulin (INS) has been shown to activate
metabolic pathways in the human breast cancer
cell line MCF-7 [2] that can lead to increased
DNA, RNA and protein synthesis [3], and can
also increase their growth under -certain
experimental conditions[4]. In view of these
metabolic effects, and because there is so much
clinical experience in the manipulation of INS,
it was selected as the metabolic modifier in
experiments designed to test this hypothesis.
Methotrexate (MTX) was selected because it is
a cell cycle-specific antifolate drug that is much
more effective against fast cycling S phase cells
than against resting S phase cells [5]. It has
been widely used in the treatment of human
tumors and is currently included in many
breast cancer treatment regimens.

This study was therefore designed to
examine the effect of INS on MTX cytotoxicity
to MCF-7 cells and thereby establish the prin-
ciple that appropriate metabolic manipulation
can increase tumor cell sensitivity to cytotoxic
drugs.

MATERIALS AND METHODS

Cell culture

The MCF-7 cells were cultured in Ty Falcon
flasks using minimal essential medium with
Hank’s balanced salt solution (MEM) sup-
plemented with 2mM L-glutamine, 100 units
penicillin-100 ug streptomycin per ml, 10%







