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The question is then how to therapeutically manipulate extracellular citrate uptake. Simply aiming to therapeutically decrease or
increase citrate levels in blood could result in some unwanted side
effects in vivo by upsetting divalent ion chelation (3), or by affecting
specialized healthy cells such as hepatocytes and neurons, which
also depend on extracellular citrate, but via completely different
families of citrate transporters (4, 5). Importantly, we suggest that a
promising way to speciﬁcally attack cancer cells in this respect is to
target the pmCiC by either decreasing (1) or enhancing its function.
We have found that gluconate blocks the pmCiC, but so-called
therapeutic "openers" may eventually be found that cause excessive
citrate uptake. The advantage of targeting the pmCiC is that its
expression is mainly restricted to cancer cells in humans, and is
particularly high in metastases and sites of invasion (1).
Therefore, we agree with Icard and colleagues (2) that either
decreasing or increasing extracellular citrate uptake by cancer cells
is an interesting option for cancer therapy. In addition, we suggest
that therapeutically targeting the pmCiC is a scientiﬁcally sound
option for achieving tumor-speciﬁc effectiveness.
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In response to our recent article showing that cancer cells take
up extracellular citrate through the plasma membrane-speciﬁc
variant (pmCiC) of the mitochondrial citrate transporter and that
depriving cancer cells of extracellular citrate by blocking pmCiC
activity results in a decreased tumor growth (1), Icard and colleagues (2) have raised the interesting point that very high concentrations (50 physiologic levels) of extracellular citrate lead to cancer
cell overloading, which also deters cancer growth. Although these
approaches seem contradictory, they are actually based on the same
ability of cancer cells to speciﬁcally import extracellular citrate (1).
Both the "low" and "high" citrate uptake approaches do make
sense, because low uptake limits citrate availability for critical
cancer cell metabolic processes such as fatty acid synthesis (1),
and high intracellular citrate levels inhibit glycolysis and disturb
other cellular functions, which are also important for cancer cells
(2). Therefore, disturbing intracellular citrate levels in either direction can have detrimental effects on cancer cells.
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