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Elucidation of the mechanism of insulin-induced changes in the expression of
drug transporters and the establishment of a method to predict the changes in
genetic function
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We focused on the regulation of gene expression by insulin as a mechanism to

cause changes in the expression of the drug efflux transporter P-glycoprotein (P-gp). In human
hepatocarcinoma HepG2 cells, insulin significantly reduced the protein expression level of P-gp, but

did not alter mRNA. We performed an exhaustive analysis of insulin-induced expression variation of
microRNAs (miRNAs) with translational repression functions. Detailed analysis in the regulation of
P-gp expression by the identified miRNAs showed that insulin increased the binding of miRNAs to
Argonaute 2 (Ago2). These results suggest that up-regulation of miRNA and Ago2 binding is
responsible for insulin-induced changes in P-gp expression. We established the method to isolate

liver-derived exosomes from peripheral blood, suggesting that miRNA can be used as a biomarker for
P-gp functional variation.
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Fig. 1 Effects of insulin on P-gp and ABCB1 mRNA expression levels in HepG2 cells.

HepG2 cells were treated with insulin. P-gp levels (A) and ABCB1 mRNA levels (B) were evaluated by western blot
analysis and quantitative real-time PCR. Protein levels and mRNA levels were normalized with B-actin levels. Each
data represents the mean + S.D. of 3 independent experiments. P values were obtained using Dunnett’s test. *P < 0.05,

**P<0.01, ***P<0.001, compared with group of insulin 0 pM.
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Fig. 5 Size distribution of the isolated exosomes and immunoprecipitated samples

Particle size and its concentration in the total exosome (A) and immunoprecipitated fractions (B). These data were obtained from
five NTA assays. The black line and the red area represent the fitting curve and the error bar, respectively. The y axis is the
concentration of particles. The numbers at the top of the waveform indicated the particle size.
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