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Organic academia is characterized by increased excretion of unusual organic acids in the urine. Of
them, for example, glutaric acid and 3-hydroxyglutaric acid are actively secreted in the urine.
Moreover, methylmalonic acid exerts renal toxicity in the proximal tubules. Therefore, to evaluate
the substrate recognition of the organic acids by organic anion transporters in renal proximal
tubules, we firstly established tetracycline inducible OAT1/3 overexpressing cell lines. OAT1 and
OAT3 are responsible for the renal secretion of various drugs by basolateral uptake at the blood
facing membrane. We selected clones that exhibited tetracycline inducible expression of OAT1 or
OAT3 protein and increase of p-aminohippurate or estrone sulfate uptake, respectively. Besides
OAT1 and OAT3, OAT4 a bidirectional organic anion transporter is localized at the lumen facing
apical membrane of human proximal tubules. To examine the substrate recognition and transport
direction of organic acids by OAT4, we tried to construct an experimental system using
proteoliposome. Association of OAT4 protein with the liposomal membrane was detected by
western blotting. In addition, a dynamic light scattering method revealed that the OAT4 expressing
liposome appeared to be present as a liposomal vesicle. However, OAT4-mediated vesicular
uptake of OAT4 substrates (estrone sulfate, DHEA-sulfate and olmesartan) were not detected
even in the presence of ion gradient of exchangers for the counter-transport. Meanwhile, we
successfully established tetracycline inducible OAT4 expressing MDCK cell line to evaluate the
transcellular transport. The introduced OAT4 was mainly expressed at the apical membrane of
canine kidney epithelial-derived MDCK cells monolayer as maintaining the polarity in the proximal
tubules. Furthermore, transcellular transport of olmesartan, a bidirectional (influx and efflux)
substrate of OAT4, was enhanced both apical-to-basal and basal-to-apical direction by OAT4
expression induction. On the other hand, transcellular transport of DHEA-sulfate was significantly
higher in the apical-to-basal direction than in the basal-to-apical direction. These results are
consistent with the previous results that OAT4 transports DHEA-sulfate only influx direction. Thus,
we validated the development of optimal assay for OAT-mediated cellular transport of organic
acids.
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Development of a therapeutic strategy for organic acidemia by targeting at membrane transport systems
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Organic academia is characterized by increased excretion of unusual organic acids in the urine. Of them, for example, glutaric acid
and 3—-hydroxyglutaric acid are actively secreted in the urine. Moreover, methylmalonic acid exerts renal toxicity in the proximal
tubules. Therefore, to evaluate the substrate recognition of the organic acids by organic anion transporters in renal proximal tubules,
we firstly established tetracycline inducible OAT1/3 overexpressing cell lines. OAT1 and OAT3 are responsible for the renal secretion
of various drugs by basolateral uptake at the blood facing membrane. We selected clones that exhibited tetracycline inducible
expression of OAT1 or OAT3 protein and increase of p—aminohippurate or estrone sulfate uptake, respectively. Besides OAT1 and
OAT3, OAT4 a bidirectional organic anion transporter is localized at the lumen facing apical membrane of human proximal tubules. To
examine the substrate recognition and transport direction of organic acids by OAT4, we tried to construct an experimental system
using proteoliposome. Association of OAT4 protein with the liposomal membrane was detected by western blotting. In addition, a
dynamic light scattering method revealed that the OAT4 expressing liposome appeared to be present as a liposomal vesicle. However,
OAT4-mediated vesicular uptake of OAT4 substrates (estrone sulfate, DHEA-sulfate and olmesartan) were not detected even in the
presence of ion gradient of exchangers for the counter—transport. Meanwhile, we successfully established tetracycline inducible OAT4
expressing MDCK cell line to evaluate the transcellular transport. The introduced OAT4 was mainly expressed at the apical membrane
of canine kidney epithelial-derived MDCK cells monolayer as maintaining the polarity in the proximal tubules. Furthermore,
transcellular transport of olmesartan, a bidirectional (influx and efflux) substrate of OAT4, was enhanced both apical-to—basal and
basal-to—apical direction by OAT4 expression induction. On the other hand, transcellular transport of DHEA-sulfate was significantly
higher in the apical-to—basal direction than in the basal-to—apical direction. These results are consistent with the previous results
that OAT4 transports DHEA-sulfate only influx direction. Thus, we validated the development of optimal assay for OAT-mediated
cellular transport of organic acids.
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