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Isothiocyanates as Novel Cancer
Chemopreventive Agents and
Their Underlying Molecular Mechanisms

Yoshimasa Nakamura
(Department of Bioresources Chemistry)

A promising group of compounds that have a chemo-
preventive property are isothiocyanates (ITCs). ITCs
have been shown to induce apoptosis in various cancer
cell lines and experimental rodents. Multiple signal-
transduction pathways as well as apoptosis intermedi-
ates have been also postulated. We recently clarified
the molecular mechanism underlying the relationship
between cell cycle arrest and apoptosis induced by
benzyl isothiocyanate (BITC), a major ITC compound
isolated from papaya. The exposure of cells to BITC
resulted in the inhibition of the G,/M progression that
coincided with not only the up-regulated expression of
the G,/M cell cycle arrest-regulating genes but also
the apoptosis induction. Conversely, treatment with an
excessive concentration of BITC resulted in an abor-
tive apoptotic pathway without DNA ladder formation.
This commentary will review the biological impact of
cell death induction by BITC as well as other ITCs and
the involved signal transduction pathways.
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Fig. 1
iocyante (ITC) compounds.

Chemical structures of the naturally occurring isoth-
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Fig. 2 Proposed pathways of the BITC metabolism and deg-
radation.
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G,/M-arrested cells are sensitive to undergoing
apoptotic BITC stimulation. Cell cycle distribution of
the apoptotic cells was analyzed by a flow cytometer.
Jurkat cells were untreated (left panel) or treated
with 5 M BITC for 12h (right panel) . Fixed cells
were labeled by TUNEL and PIl, and then analyzed
using a flow cytometer. Bivariate distributions
(scattergrams) represent the intensity of TUNEL
versus Pl (DNA content).

BITC

Nkt p3s Mapkt

apoptosis

cell cycle progression

Fig. 4 A plausible mechanism for the BITC-induced cell cycle
arrest and apoptosis. The BITC-induced p38 activa-
tion inhibits cell cycle progression into the G,/G,
phase. The JNK activation in the G,/M-arrested cells
phosphorylates the Bcl-2 protein, which leads to the
enhanced susceptibility of the cells to apoptosis.
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