


















Healthy subjects treated with 600 mg RIF demonstrated no change in
plasmaDHEAS concentration comparedwith RSV treatment (Fig. 2 and
Table 1). This is in contrast to earlier in vitro and in vivo findings in
monkeys (Kullak-Ublick et al., 2001; Koenen et al., 2012; Watanabe
et al., 2015). The time- and temperature-dependent uptake of DHEAS in
human and monkey hepatocytes were observed. RIF significantly
reduced the uptake, suggesting that OATP1B1 and OATP1B3 play an
important role in DHEAS uptake (Watanabe et al., 2015). Plasma
DHEAS level was significantly increased by 2 and 10 mg/kg RIF,
although it was to a lower extent than the RSV increase in cynomolgus
monkeys. Species differences in synthesis, disposition, and elimination
of DHEASmay partly explain the discrepancy. For example, the synthesis
and secretion rate of dehydroepiandrosterone and DHEAS from the zona
reticularis in humans is higher than animal models used in the laboratory,
including guinea pigs, mice, and rats (Labrie et al., 2005).
Another finding of the present study is the correlation of RIF-induced

increases in plasma concentrations between HDA and TDAwith RSV in
healthy subjects (AUC(0–24h) ratios of 2.2- to 3.2-fold versus 4.8-fold)
(Fig. 3 and Table 1), suggesting that the endogenous HDA and TDA
could be used as markers for OATP inhibition in clinical investigation.
Our results confirm an earlier study reporting significantly higher
correlations between HDA and TDAwith OATP1B1 genetic variants in

genome-wide association studies and significant difference in plasma
HDA and TDA after coadministration of CsA versus pravastatin alone
(Yee et al., 2016). However, although Yee and colleagues compared
plasma concentrations at a single time point (30 minutes) after the drug
was administered and found a marginal increase of both plasma HDA
and TDA, the present analysis showed changes in plasma concentrations
of HDA and TDA over the entire time course of RIF exposure (Fig. 3).
Notably, plasma HDA and TDA concentrations remained relatively
stable between baseline and RSV treatment, suggesting lack of apparent
diet effect and circadian disruption in healthy subjects, which is similar
to CPs I and III (Lai et al., 2016). The results suggested that HDA and
TDA in plasma can probably be markers to reflect OATP inhibition
and its associated DDI. However, a caution should also be raised, as
HDA and TDA were found to be associated with drug-metabolizing
enzyme CYP4A11 and renal transporters OAT1 and OAT3, reflecting
complexity of HDA and TDA disposition and potential difficulty in
using them as OATP-specific endogenous biomarkers, in particular
when a perpetrator drug inhibits multiple transporters (Yee et al.,
2016). It is also worth noting that, although the functions of HDA and
TDA are not fully understood, the serum concentrations of HDA,
TDA, and other dicarboxylic acids are increased in patients with
diseases, such as Reye syndrome, caused by an insult to fatty acid

Fig. 7. Inhibitory effect of RIF on OATP2B1-mediated transport of CP I (A), CP III (B), and RSV (C). Uptake of 0.2 mM CP I, 0.2 mM CP III, and 1 mM RSV was assessed
in stably transfected OATP1B1-HEK cells over 2 minutes in the absence (control) or presence of RIF at the indicated concentrations. Fold changes are normalized to mock-
HEK cell uptake in the absence of RIF. Results are the mean 6 S.D. of three separate determinations.
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metabolism and (or) stimulation of omega-oxidation (Tonsgard, 1986,
1988).
Further comparative analysis was conducted for the endogenous

probes that show promise as biomarkers of OATP activity, using a
standardized effect-size approach on the overall exposure AUC(0–24h).
The overall effect sizes were ranked as follows: CP I.CP III.HDA�
TDA � RSV.. BAs (Fig. 4), reconfirming that CPs I and III are the
most sensitive indicators among the endogenous compounds examined.
Although fold changes in plasma AUC(0–24h) of some bile acids, such as
TDCA and GDCA, with RIF treatments were comparable to the changes
in CPs, HDA, andTDA, the effect size of RIF on the bile acidswas lower
than on other markers owing to the high variations over time, suggesting
bile acids are probably not as robust as the other endogenous biomarkers
of OATP activity. In contrast, the relatively low inter- and intra-
individual variability in basal plasma CPs I and III levels makes them
especially attractive (Lai et al., 2016). Since CP III is actively secreted in
the urine in monkeys and humans (Lai et al., 2016; Shen et al., 2016), we
further examined involvement of renal transporter(s) in CP elimination
and showed that CPs I and III are not substrates for known major renal
drug transporters, including OAT1-4, OCT2, MATE1, and MATE2K
(Figs. 5 and 6). In addition, the appropriateness of CPs I and III as
markers of OATP activity is supported by lack of substrate-dependent
inhibition of CP and RSV transport. OATP1B1 and OATP1B3
displayed comparable affinity for CP I, CP III, and RSV (Figs. 5–7;
Table 2) (Shen et al., 2013; Prueksaritanont et al., 2014; Chu et al., 2015;
Izumi et al., 2015). Moreover, the IC50 values of RIF for the inhibition of
OATP2B1-mediated CP III and RSV transport differed by less than
2-fold, although RIF was only a weak inhibitor of OATP2B1 (Shen
et al., 2013; Prueksaritanont et al., 2014).
In conclusion, following a rigorous comparative analysis, we estab-

lished that CPs I and III in plasma are the most sensitive biomarkers
reflecting OATP inhibition and provided the largest effect size in
response to RIF treatment. In addition, we have shown that HDA and
TDA, but not BAs and DHEAS, can also serve as sensitive endogenous
biomarkers of OATP activity. Incorporating biomarker measurement
into drug pharmacokinetics analysis during early drug development,
either using one of those biomarkers alone or as a panel, should help
avoid expensive clinical trials and lessen the risk of late stage failures
owing to severe DDIs. Further studies are needed to understand the
differential responses of these biomarkers to various inhibitors beyond
RIF and the effects of polymorphisms in OATP proteins and various
disease states, including hepatic insufficiency. Additionally, although
each of the markers appears to provide a robust response to OATP
inhibition, a panel of endogenous compounds that include CP I, CP III,
HDA, and TDA may be the method of choice to ensure detection of
changes in OATP activity, as individual markers may have differential
sensitivities to such other covariates as intestinal and renal transporters
and enzyme activities. The findings from the present and previous
studies could form the basis for clinical screening of a drug candidate’s
OATP inhibition potential and may help avoid dedicated drug-
interaction studies with a probe drug.
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Supplementary Table 1 
MS Conditions and LC Retention Times of the 24 Analytes. Groups of Structurally Similar BA are Computed and Assessed against A 

Suitable Deuterium-Labeled BA 
 
 

Analytea Transition 
(m/z) 

Declustering 
Potential (volt) 

Collision Energy 
(volt) 

Retention Time 
(min) 

dehydrocholic acid (IS)b 401.3 → 249.2 190 41 1.70 

cholic acid-d4 (CA-d4) 411.3 → 411.3 210 25 2.03 

cholic acid (CA) 407.3 → 407.3 210 25 2.03 

deoxycholic acid-d4 (DCA-d4) 395.3 → 395.3 200 25 2.57 

deoxycholic acid (DCA) 391.3 → 391.3 200 25 2.57 

chenodeoxycholic acid (CDCA) 391.3 → 391.3 200 25 2.51 

ursodeoxycholic acid/hyodeoxycholic acid (UDCA/HDCA) 391.3 → 391.3 200 25 2.08 

lithocholic acid-d4 (LCA-d4) 379.3 → 379.3 230 25 3.00 

lithocholic acid (LCA) 375.3 → 375.3 230 25 3.00 

glycoursodeoxycholic acid-d4 (GUDCA-d4) 452.4 → 73.9 200 87 1.74 

glycoursodeoxycholic acid (GUDCA) 448.4 → 73.9 200 87 1.74 
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glycochenodeoxycholic acid (GCDCA) 448.4 → 73.9 200 87 2.08 

glycodeoxycholic acid (GDCA) 448.4 → 73.9 200 87 2.12 

glycocholic acid-d4 (GCA-d4) 468.4 → 73.9 200 90 1.75 

glycocholic acid (GCA) 464.4 → 73.9 200 90 1.75 

taurochenodeoxycholic acid-d5 (TCDCA-d5) 503.4 → 79.9 200 160 1.84 

taurochenodeoxycholic acid (TCDCA) 498.4 → 79.9 200 160 1.84 

taurodeoxycholic acid (TDCA) 498.4 → 79.9 200 160 1.92 

taurohyodeoxycholic acid/tauroursodeoxycholic acid 
(THDCA/TUDCA) 498.4 → 79.9 200 160 1.54 

taurococholic acid-d5 (TCA-d5) 519.4 → 79.9 200 160 1.57 

taurococholic acid (TCA) 514.4 → 79.9 200 160 1.57 
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aGroups of structural similar BAs are computed and assessed against a suitable deuterium-labeled BA. 

bWith an abbreviation or acronym in parentheses. 
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Supplementary Table 2 
Mean Bile Acid Plasma Concentrations (mean ± SD; n = 7-8) during RIF (Period 1), RSV (Period 2), and Co-administration of RIF 

and RSV (Period 3) 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Mean Stdev Mean Stdev Mean Stdev
0.000 275.4 180.4 49.1 51.1 102.0 127.0
0.500 232.9 155.5 45.5 46.0 116.8 134.2

1 263.7 185.6 42.5 42.3 124.5 141.5
1.5 239.8 162.0 42.6 42.6 126.1 140.6
2 218.8 145.6 46.3 45.1 144.2 191.3

2.5 194.7 116.5 44.8 48.4 127.9 142.9
3 185.5 104.1 40.2 40.5 109.8 111.3
4 203.9 171.7 39.1 41.0 91.6 95.4
6 266.6 159.3 69.4 72.8 146.6 180.9
8 212.0 139.8 65.7 68.6 118.3 151.9
12 164.1 109.9 96.8 96.9 101.8 107.8
24 62.9 38.6 108.5 113.4 87.0 91.2

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSV
DCA Plasma Concentrations (nM)

Time (h)
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Mean Stdev Mean Stdev Mean Stdev
0.000 276.2 327.9 181.3 123.5 105.1 46.1
0.500 151.4 92.6 115.1 62.5 111.4 40.1

1 155.1 92.1 98.7 47.6 109.6 39.5
1.5 143.1 64.4 95.6 51.1 105.7 45.5
2 127.6 66.8 85.7 38.8 102.1 39.8

2.5 115.7 62.0 91.4 44.7 111.7 44.9
3 104.6 55.7 84.0 38.4 109.1 53.3
4 123.2 80.2 71.5 31.7 98.3 45.8
6 235.4 159.7 104.6 57.1 216.7 139.9
8 273.4 153.1 109.3 55.7 239.8 188.5
12 179.2 72.6 105.4 45.3 156.6 105.1
24 93.3 52.3 140.7 174.3 94.1 55.7

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSV
CA Plasma Concentration (nM)

Time (h)
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Mean Stdev Mean Stdev Mean Stdev
0.000 293.3 278.5 270.0 232.8 270.5 275.3
0.500 183.6 163.9 203.0 176.8 257.2 271.9

1 181.5 156.6 184.0 165.4 259.4 269.5
1.5 165.1 132.4 181.3 184.6 245.8 250.4
2 150.5 120.1 160.0 154.6 252.7 245.8

2.5 135.5 103.0 166.5 180.5 311.8 355.2
3 149.6 154.8 123.7 108.6 307.3 391.6
4 168.2 211.4 100.0 84.4 200.9 226.4
6 245.7 187.9 162.3 148.6 327.2 354.7
8 154.4 118.5 100.3 80.5 186.7 228.9
12 150.9 102.5 121.6 73.3 170.7 177.5
24 127.0 87.4 296.1 435.3 200.3 213.1

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
CDCA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 568 463 831 590 494 418
0.500 449 254 700 699 780 553

1 503 335 307 221 748 716
1.5 604 342 276 208 556 325
2 875 664 201 78 937 766

2.5 514 251 412 231 1375 1334
3 687 429 324 145 930 701
4 869 699 230 105 630 383
6 2714 2631 1263 1319 2356 2102
8 4076 3032 1269 830 3014 3046
12 2164 1110 1166 762 1637 1366
24 846 694 575 424 1020 915

Time (h) Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSV
GCA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 322.3 294.8 132.2 91.9 146.0 150.7
0.500 287.0 198.4 88.5 52.8 167.5 180.0

1 423.6 394.6 43.7 30.0 114.4 113.7
1.5 446.4 322.8 47.8 31.3 127.2 130.0
2 507.7 493.1 45.4 40.3 451.1 847.3

2.5 359.0 245.8 65.7 56.2 267.0 299.4
3 441.4 286.9 64.6 62.4 225.5 246.2
4 456.0 121.8 49.6 39.7 187.9 202.2
6 1218.6 585.0 225.3 192.9 732.5 654.9
8 1928.8 1010.7 264.6 235.5 754.6 637.2
12 1105.1 419.5 198.8 134.6 497.6 438.1
24 322.4 84.5 109.5 101.1 175.7 155.1

Time (h) Period 1 - RIF Alone Perod 2 - RSV Alone Period 3 - RIF + RSV
GDCA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 1816 949 3350 2551 2529 1864
0.500 1977 1310 2317 1928 3504 2979

1 2749 2405 1148 625 3004 3099
1.5 2515 1517 1148 715 2785 2226
2 3257 3279 889 284 4934 3869

2.5 2031 1215 1605 876 5504 4433
3 3083 1930 1244 229 3506 2190
4 3315 1984 1150 711 3019 1860
6 8501 7162 4683 4162 9354 7926
8 12455 10215 4586 2131 11627 11575
12 7384 2875 4840 2926 7263 5865
24 2803 1377 2241 1913 3086 2691

Time (h) Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSV
GCDCA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 153.4 90.2 337.4 280.6 508.9 593.8
0.500 162.4 78.3 241.9 233.2 652.1 1249.9

1 212.0 162.7 168.6 188.5 472.2 660.1
1.5 255.9 171.8 219.1 292.0 482.1 628.2
2 303.5 315.3 317.6 376.0 544.8 644.6

2.5 239.2 169.4 243.8 233.4 897.4 1214.8
3 277.5 197.1 275.6 274.5 743.6 1240.6
4 272.5 113.3 175.7 132.4 490.3 534.4
6 478.9 322.2 390.2 256.2 1410.1 1912.0
8 677.3 350.9 602.1 684.6 1681.1 2323.1
12 475.5 245.3 503.3 442.3 1308.1 2100.5
24 190.7 73.7 270.1 302.2 591.9 659.0

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
GUDCA Plasm Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 74.5 16.5 68.3 6.1 77.8 14.9
0.500 70.6 18.4 73.4 16.8 72.6 16.1

1 80.4 26.5 67.7 14.3 73.7 17.9
1.5 85.0 30.1 72.7 13.5 73.2 23.9
2 81.1 24.7 75.2 24.7 79.8 18.6

2.5 80.4 17.2 70.4 19.2 83.1 20.5
3 90.4 29.3 76.3 19.8 75.1 23.3
4 90.8 28.3 78.6 10.3 71.9 23.0
6 76.5 19.4 76.9 16.6 66.6 19.7
8 75.4 24.7 75.9 16.1 60.4 20.6
12 57.0 13.5 67.7 17.0 53.6 10.1
24 63.5 14.4 77.2 16.5 63.8 17.7

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
LCA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 61.1 95.1 89.1 111.8 60.6 72.4
0.500 37.0 49.6 55.8 47.3 76.5 53.7

1 35.6 30.9 26.2 18.4 67.0 59.8
1.5 44.0 33.3 23.1 15.1 60.0 60.0
2 51.4 32.6 26.0 33.0 72.6 57.3

2.5 31.9 16.0 45.2 51.8 126.0 123.8
3 51.3 60.7 42.3 57.3 88.4 87.2
4 71.8 102.1 27.8 33.6 75.9 96.6
6 258.9 335.1 142.3 177.5 313.4 327.4
8 365.6 365.2 155.5 198.9 342.7 304.1
12 188.2 173.4 111.2 97.0 198.3 200.4
24 85.8 137.5 77.6 131.9 132.1 173.6

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
TCA Plasma Concentration 
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Mean Stdev Mean Stdev Mean Stdev
0.000 32.6 35.9 21.2 24.0 20.2 22.3
0.500 22.7 19.2 12.1 10.6 18.6 18.1

1 26.4 21.3 6.9 3.2 16.5 14.4
1.5 30.8 22.1 7.2 3.8 16.7 12.7
2 33.2 25.3 10.0 8.6 34.5 42.9

2.5 23.6 13.7 10.9 10.7 23.8 16.8
3 32.6 19.1 13.8 15.5 25.6 30.1
4 34.8 22.4 9.1 7.6 26.7 33.7
6 111.0 68.3 39.8 54.4 111.2 124.4
8 177.1 111.1 43.9 61.3 97.5 89.3
12 105.4 53.3 26.6 24.6 71.3 75.2
24 34.3 20.4 19.6 28.8 29.8 33.6

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
TDCA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 126.7 111.2 266.6 184.8 202.6 160.7
0.500 96.1 60.7 158.7 126.6 288.0 288.8

1 134.8 109.1 81.9 54.4 278.1 283.2
1.5 157.3 112.1 70.4 29.7 191.0 114.0
2 181.3 131.8 80.2 71.2 340.5 270.4

2.5 104.0 47.5 125.1 83.2 492.4 513.3
3 191.1 149.6 105.9 101.6 308.7 226.0
4 232.1 214.8 81.7 65.8 266.5 233.1
6 758.0 816.8 449.6 413.5 989.3 831.6
8 1013.9 854.1 429.4 396.0 1089.7 900.4
12 605.4 413.1 348.1 164.8 665.7 462.3
24 235.1 224.2 194.1 200.7 304.3 233.1

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSV
TCDCA Plasma Concentration (nM)

Time (h)
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Mean Stdev Mean Stdev Mean Stdev
0.000 7.1 2.7 10.6 6.3 8.0 4.5
0.500 5.9 1.2 8.9 4.0 12.1 9.5

1 7.1 3.7 7.1 3.7 10.5 6.9
1.5 8.2 3.9 8.9 8.9 8.9 4.7
2 9.2 4.8 7.5 4.0 11.3 5.3

2.5 7.4 1.9 8.0 5.5 15.3 6.6
3 9.3 4.7 7.4 3.1 10.7 3.6
4 10.0 6.4 6.7 2.4 12.2 6.1
6 19.5 14.8 14.0 7.7 24.4 15.2
8 27.7 16.8 21.1 23.1 30.2 18.9
12 22.2 10.9 20.0 19.4 23.9 18.9
24 9.7 8.5 9.5 5.7 12.8 7.4

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
THDCA/TUDCA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 31.7 15.4 53.5 46.6 24.0 14.5
0.500 28.6 14.1 53.3 49.5 24.9 14.7

1 34.9 21.5 52.0 54.2 25.9 15.8
1.5 35.0 19.9 56.7 64.5 25.9 14.3
2 31.4 23.6 53.2 58.7 26.0 18.6

2.5 31.1 22.3 55.4 64.5 26.6 15.2
3 28.5 17.5 51.0 66.2 22.5 10.1
4 28.7 15.4 41.7 46.6 17.7 8.4
6 33.1 19.0 44.2 45.0 25.0 17.0
8 32.3 23.5 36.9 42.6 21.1 14.1
12 26.7 18.5 44.6 49.5 22.4 18.5
24 9.4 3.6 62.0 67.1 26.7 23.7

Time (h) Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSV
UDCA/HDCA Plasma Concentration (nM)
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Supplementary Table 3 

Mean DHEAS Plasma Concentrations (mean ± SD; n = 7-8) during RIF (Period 1), RSV (Period 2), and Co-administration of RIF 
and RSV (Period 3) 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
  

Mean Stdev Mean Stdev Mean Stdev
0.000 4.07 2.05 3.57 1.73 4.39 2.09
0.500 4.55 2.48 4.00 1.83 4.75 2.34

1 4.35 2.29 3.92 1.77 4.79 2.24
1.5 4.17 2.06 4.06 1.69 4.61 2.23
2 4.10 1.96 4.27 1.96 4.61 2.29

2.5 4.24 2.18 4.37 2.05 4.29 1.96
3 4.31 2.36 4.42 2.04 4.29 1.78
4 4.15 1.94 4.41 2.20 4.35 2.00
6 3.91 2.06 4.40 1.91 4.09 1.74
8 3.92 1.92 4.24 1.94 4.03 1.76
12 3.56 1.99 4.14 1.98 3.86 1.80
24 3.85 2.01 4.28 1.90 3.93 1.89

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
DHEAS Plasma Concentration (µM)
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Supplementary Table 4 
Mean HDA and TDA Plasma Concentrations (mean ± SD; n = 7-8) during RIF (Period 1), RSV (Period 2), and Co-administration of 

RIF and RSV (Period 3) 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Mean Stdev Mean Stdev Mean Stdev
0.000 32.8 10.9 27.0 10.8 37.8 12.5
0.500 38.4 20.3 27.1 11.5 45.3 15.8

1 62.0 46.0 29.5 11.5 78.2 39.3
1.5 78.7 54.7 28.0 12.0 89.9 48.7
2 90.9 58.4 30.3 14.1 107.4 53.7

2.5 104.3 71.9 31.4 14.0 134.3 54.7
3 106.0 89.3 34.3 16.4 140.8 67.8
4 141.2 104.2 39.5 17.3 166.5 76.4
6 109.0 50.7 40.0 15.4 153.6 58.4
8 105.1 37.0 39.8 21.7 112.0 25.1
12 98.6 34.0 41.4 15.0 88.7 15.4
24 38.7 30.3 34.8 17.3 44.5 23.0

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSV
Time (h)

HDA Plasma Concentration (nM)
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Mean Stdev Mean Stdev Mean Stdev
0.000 16.9 6.7 14.6 9.1 20.2 9.2
0.500 23.7 13.2 15.8 9.2 33.7 15.9

1 38.2 23.7 15.3 7.9 56.5 28.5
1.5 48.8 27.6 15.3 8.2 70.0 34.6
2 56.4 32.1 18.4 11.4 84.1 35.9

2.5 68.1 42.1 18.8 11.7 98.4 37.5
3 73.4 45.8 22.2 15.8 106.3 38.7
4 102.9 60.2 25.1 20.3 132.8 52.1
6 93.5 40.0 26.5 12.6 119.5 43.8
8 83.8 22.5 22.7 12.8 88.3 20.8
12 63.3 19.3 25.1 9.1 66.0 19.1
24 18.3 18.9 15.1 7.8 22.2 14.9

Period 1 - RIF Alone Period 2 - RSV Alone Period 3 - RIF + RSVTime (h)
TDA Plasma Concentration (nM)
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Supplementary Figure 1 
Transport of CPs I and III by OAT1, OAT2, OAT3, and OAT4. Uptake of 1 µM CP I (A), CP III (B), [3H]para-aminohippuric acid 

(C), [3H]penciclovir (D), and [3H]estrone-3-sulfate (E) was assessed at 5 min in mock vector-, OAT1-, OAT2-, OAT3-, or OAT4-
stably transfected HEK cells in the absence and presence of 1 mM probenecid. Results are the mean ± SD of 3 separate 

determinations (***p < 0.001 statistically significant difference compared to Mock-HEK cells). 
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Supplementary Figure 2 
Transport of CPs I and III by OCT2, MATE1, and MATE2K. Uptake of 1 µM CP I (A and C), 1 µM CP III (B and D), 2 µM 

[14C]metformin (E and F) was assessed at 5 min in mock vector-, OCT2-, MATE1-, or MATE2K-stably transfected HEK cells in the 
absence and presence of 100 μM pyrimethamine or 200 μM quinidine. Results are the mean ± SD of 3 separate determinations (***p 

< 0.001 statistically significant difference compared to Mock-HEK cells). 
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