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Abstract

From being a medicine to being a toxin there is a step. This is true for
many aspects: from the structure, to the effect and to the dosage. For
example, myriocin (ISP-1), a potent immunosuppressant, is an analog of
sphingosine, and also an inhibitor of the enzyme serine
palmitoyltransferase that generates sphingosine [1]. However, when it
comes to the physiological effect, myriocin inhibits the growth of a mouse
cytotoxic T lymphocyte line whereas sphingosine completely suppresses
the inhibitory effect [2]. But while you may think sphingosine is “good”,
and that more is better, high doses of sphingosine actually start inhibiting
protein kinase C activity, therefore also causing growth arrest [3]. So, from
sphingosine being a “medicine” to restore growth to being a “toxin” to
inhibit growth, it only needs either a minor structural modification to
become myriocin, or an increase in its own concentration.

Many compounds function as a double-edged sword: on one hand, it has
positive effects, but on the other hand, it also has negative effects. For
example, myriocin inhibits tumor growth in murine melonoma, but it also
inhibits normal cell growth [4]. Therefore, depending on the type of cell
you are investigating, myriocin can be either toxin or medicine.

A similar story probably exists underlying not only in every FDA-
approved medicine but also every compound under testing. Therefore,
different approaches and various model systems are used to determine if a
compound is a medicine or toxin, and most importantly, to understand the
mechanisms through which it exerts. Given the protein conservation
among different species ranging from a low organism, such as yeast, worm
and fly, to a higher organism, such as mouse or monkey, the studies in
model systems have turned out to be extremely useful before going to
clinical trial. When worms are fed with myriocin, their offspring exhibit
growth arrest, which can be rescued by supplementation of sphingosine
[5,6]. The increased sphingosine levels caused by knockdown of ceramide
synthease or supplementation of its inhibitor fumonish also lead to growth
arrest [5]. The seemingly inhibitory effect of myriocin and of high-dose
sphingosine on growth as well as the growth restoring effect of moderate
sphingosine are consistent with the cell line results. Furthermore, the most
fascinating part is that using C. elegans has helped us to elucidate the

mechanisms on how myriocin acts as a toxin for normal cells. Myriocin
inhibits growth at molecular level, due to the lack of downstream of
complex sphingolipids; at cellular level, due to the interruption of cell
polarity and at organ/tissue level, due to the abnormality of organogenesis
[5]. Although it still needs to be investigated whether the mechanisms are
applicable for other systems and human, it surely has provided some
insight into this question. The data from the other systems are the same.

Eventually, after integrating all the data together, there could be a right
format, a right dosage and a right condition for a toxin to become a
medicine, and vice versa. Sphingolipid analogues incorporated in clinical
trials are just one successful story from millions of unsuccessful ones.
Many other compounds are promising in mice but unreliable in primates;
many other compounds are specific and potent in vitro but poor in vivo;
many other compounds that might interfere with other regulatory pathways
are waiting to be discovered or created. So even though there is only a
small step, it still takes a long time to transform a toxin to a medicine.
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