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Implications of endogenous roles
of transporters for drug discovery:
hitchhiking and metabolite-likeness

Douglas B. Kell

In a recent article (Nat. Rev. Drug Discov.
14, 29-44; 2015)", Nigam asks the question
“what do drug transporters really do?”, and
discusses the evidence for endogenous roles
of transporters in the ATP-binding cassette
(ABC) and solute carrier (SLC) transporter
families, which have endogenous substrates
that include metabolites, antioxidants, sig-
nalling molecules, hormones, nutrients and
neurotransmitters. Although the article did
not focus on the role of transporters in drug
uptake, I thought that it could be valuable to
highlight some implications for drug discovery
of the increasing knowledge on the endogenous
substrates and functions of the >500 SLCs? and
~1,000 transporters encoded overall in the
human genome.

In particular, as we have noted in multiple
articles — beginning with our article in this
journal in 2008 (REF. 3) — “drugs may ‘hitchhike’
on carriers or transporters that act on natural
endogenous substrates (albeit that these sub-
strates or carriers are often unknown)”. Since
then®, the available evidence for the roles of
endogenous transporters in transporting
drugs has strengthened considerably?, add-
ing substantial support for the hypothesis that
not only do drugs use endogenous transport-
ers widely, but also that any diffusion through
the phospholipid bilayer of cell membranes is
normally negligible (see REF. 4 for an updated
review). Winter et al.® provide an excellent
example of this: genetic removal of just a single
transporter decreases by several-100-fold the
uptake and toxicity of the candidate anticancer
drug YM155 — that is, to less than 1% of their
original values.

As many drugs need to cross at least one cel-
lular membrane to exert their pharmacological
effects, this hypothesis has important implica-
tions for drug discovery strategies. Chemical
starting points for novel small-molecule drugs
are typically discovered by two kinds of strat-
egy®. The first (which is more classical, although
it is now in the midst of a resurgence) is func-
tion-first, phenotypic screening, in which the
modes of action of screening ‘hits’ are rarely
known in advance, albeit that these active com-
pounds must bind to substances involved in
biochemical processes. This typically involves
initial screening in cellular or animal models,

and thus active compounds derived from such
screens will generally have some ability to cross
cellular membranes (although membrane per-
meability is just one of the multiple factors that
affect bioavailability in vivo).

The second, more recent strategy involves
molecular methods that are based on hypoth-
eses about the role of a particular target in dis-
ease, often coupled with structural modelling
of a binding site on that target. In this case,
initial (typically high-throughput) screens
often involve assay formats that do not require
cellular permeability for activity. However, for
a candidate drug, some cellular permeabil-
ity is generally crucial, and substantial work
by medicinal chemists to optimize hit com-
pounds from these screens may be needed
to achieve this. This has fuelled the devel-
opment of many assays and computational
approaches that attempt to predict the ability
of compounds (particularly those in screening
libraries) to cross biological membranes and
achieve sufficient bioavailability in vivo, not
always successfully.

So, how does this relate to the growing
knowledge of the endogenous biological
roles of transporters, such as those transport-
ing metabolites? First, it is important to note
that both compound-screening strategies
have often used endogenous molecules as the
starting point for the search for active com-
pounds. For phenotypic screening strategies,
particularly historically, the starting point has
frequently been either an endogenous mol-
ecule (or something closely related) that had
a biological activity linked to the desired phar-
macological effect — for example, antimetabo-
lites as anticancer drugs, or adrenaline-related
compounds as drugs for vascular disorders. In
the case of target-oriented drug discovery strat-
egies, the binding site on the target has often
been one for an endogenous molecule, such as
the ATP-binding site on protein kinases.

Given this, it would not necessarily be sur-
prising that successful (that is, marketed) drugs
are more like endogenous molecules than are
the typical structures found in drug discovery
screening libraries — a characteristic that has
been termed ‘metabolite-likeness’ (REF. 7). This
is indeed found to be the case’, and actually
many drugs do have the same target binding
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site as a human metabolite (as noted in REF. 7).
However, whereas the likelihood of molecular
similarity between compounds that have simi-
lar biological effects that are mediated by inter-
actions with the same biological targets may
be widely appreciated, another aspect of the
potential importance of metabolite-likeness
appears to be less so. That is, compounds that
are more similar to endogenous metabolites
may be more likely to be able to hitchhike on
the transporters for those metabolites and
thereby reach their pharmacological targets
in vivo. Importantly, this does not imply that
a compound necessarily acts pharmacologi-
cally on the endogenous targets of the metabo-
lites to which it is similar; rather, it just needs to
be sufficiently similar to one or more metabo-
lites to be able to exploit the same transport-
ers to cross cellular membranes (and some of
these transporters may recognize a wide range
of substrates). As a related aside, the possi-
bility that ‘natural-product-likeness’ may be
a valuable property in screening libraries has
been discussed extensively (for example, see
REF. 8). Following a similar rationale, the value
of screening natural-product-like compounds
may be in part because natural products have
evolved both to interact with their pharmaco-
logical targets and to hitchhike on transporters
to reach these targets.

So, there could be substantial benefits for
drug screening from greater acknowledgement
of the importance of ‘metabolite-likeness’ as
well as from increasing our knowledge of the
substrate specificities and distribution of trans-
porters*®. Filters could be applied to screening
libraries (as is widely done at present with sim-
ple physicochemical filters such as the ‘Rule
of 5’) to increase the likelihood that screening
hits have sufficient cellular permeability®. Such
filters could become more sophisticated as the
knowledge of which transporters are involved
in transporting which substrates (and the rel-
evant metabolic networks®) increases — per-
haps even allowing particular tissues to be
targeted more specifically through tailoring of
drug properties; for example, to exploit tissue-
specific expression of the relevant transporters
on which the drugs are hitchhiking**.

To date, the expression levels of only a rela-
tively small number of the better-known drug
transporters have been manipulated. However,
the newly acquired abilities to manipulate
transporter expression levels systematically
and in a high-throughput manner, whether
by genome editing or other means>*’, will no
doubt allow us to make considerable progress
in answering the question of which transport-
ers are used by specific drugs. Coupling this
with progress in the understanding of the
endogenous biological roles of transporters
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could have a key role in identifying drug can-
didates that have the ability to cross biological
membranes at the relatively modest rates nec-
essary® to exert the desired pharmacological
effect at the desired location, using principles
based on those of natural selection'’.
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