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Abstract 

Uptake transporters OATP1B1, OATP1B3, OATP2B1 and NTCP are the primary human liver 

transporters for a variety of endogenous and exogenous substrates. They have attracted great 

interest because of their great impact on the drug disposition process. Polymorphisms in the 

uptake transporters have different prevalence among ethnic populations. This causes side effects 

of some drugs and draw attention to individual variation treatment regimes. 

Establishment of in vitro system is essential and fundamental for transport studies with the aim to 

predict clinical effects (in vivo model) from in vitro findings. 

In this study, genetic variants of uptake transporters were individually transfected into HEK293 

cells, and membrane expression levels were assessed using Western blotting. Human liver 

hepatocytes, prepared by perfusion of liver tissue, were also investigated and compared to the 

HEK293 model. Expression of all the transporters, except OATP1B3, was detected in the 

optimized western blotting system. Uptake transport studies of the OATP1B1 and OATP2B1 

genetic variants were consistent with the membrane expression levels, whereas NTCP*2 had a 

greatly reduced activity, although the membrane expression was approximately the same with as 

the NTCP*1. In addition, OATP1B1 and OATP1B3 were identified in hepatocytes as 

demonstrated by both Western blotting and transport inhibition studies. 
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Introduction 

Transporters are membrane proteins that facilitate cellular influx or efflux of endogenous or 

exogenous compounds. They are critical for drug efficacy and play important roles in drug uptake, 

distribution and elimination (Funk C, 2008).  For example, before drugs reach the target site and 

have effect, they have to pass a few barriers. Orally administered drugs need help from 

transporters in the intestine to be absorbed and to enter the portal vein. In order not to be 

eliminated in the liver and join the systematic blood circulation, drugs have to overcome the first-

pass effect with the aid of liver transporters. (Hagenbuch B et al., 2003) 

 

In general, the mechanism of cellular transport can be summarized into two types: passive 

(facilitated) and active transport. Passive transport does not require external energy since it is 

driven by the concentration gradient, whereas active transport utilizes energy such as ATP 

hydrolysis or ion gradients for the entropy-unfavorable movement from low concentration to high 

concentration. (Guofeng You, Drug Transporters chapter 1) 

 

According to the transport direction, active transporters can be categorized into two main groups: 

influx (uptake of substrates into the cell) and efflux transporters (export of substrates out of the 

cell). The major uptake transporters that have been identified and characterized belong to the 

organic anion transporters (OATs), organic cation transporters (OCTs) and the organic anion 

transporting polypeptides (OATPs). In liver and kidney, sodium-taurocholate co-transporting 

polypeptide (NTCP) is responsible for the majority bile acid uptake. (Hagenbuch B, 2010 & 

Dawson PA et al., 2009) 
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The drug disposition process 

In the liver cell, influx transporters often locate on the basolateral (sinusoidal) membrane and 

efflux transporters locate on the apical (canalicular) membrane. Drug molecules or endogenous 

compounds are extracted from the blood flow by influx transporters into the hepatocytes. Phase 

Ⅰ and phase Ⅱ metabolism reactions are carried out sequentially by drug-metabolizing enzymes. 

For example, reactions such as oxidation, reduction and hydrolysis mediated by the P450 (CYP) 

family occur in phase Ⅰ. During phase Ⅱ, drugs are conjugated to endogenous compounds such 

as bile acids or glucuronic acid to form a more polar metabolite, which can be more easily 

excreted. Metabolites from phase Ⅱ are exported by efflux transporters such as multidrug 

resistance proteins (MRPs), bile salt export pump (BSEP) etc [Figure 1].  

  

Figure 1. Drug disposition process in the hepatocytes and the main involved transporters. 
(Kalliokoski A and Niemi M, BJP 2009) 
 

Inhibition of transporters and drug-drug interactions 

Inhibition of transporters as well as drug-metabolizing enzymes can cause unexpected drug-drug 

interactions and this generates a number of adverse effects. The reason to this is that transporters 

and drug metabolizing enzymes share/have overlapping substrates (Ho RH and Kim RB, 2005). 

For example, Cerivastatin, a cholesterol level reducing drug, was withdrawn from the market in 
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2001 due to the severe side effect, rhabdomyolysis, when used in a combined therapy with 

Gemfibrozil, a low-density lipoprotein (LDL) reducer. Studies showed that Gemfibrozil inhibits 

both OATP1B1-mediated hepatic uptake and CYP2C8-mediated metabolism of Cerivastatin, 

which is the main mechanism for the drug-drug interaction side effects (Shitara Y, et al., JPET 

2004). 

Recent studies also found that inhibition of transporters is associated with induced-organ toxicity. 

Usually inhibition of efflux transporters results in a dysfunctional elimination of toxic 

xenobiotics (Hagenbuch B et al., 2003). For example, the inhibition of hepatic transporters 

induces cholestasis, which causes hepatic injury by accumulation of bile salts in the liver. 

OATP family 

OATPs are influx transporters expressed in various tissues (brain, liver, kidney, intestines, etc.) 

and regulate the uptake of a broad range of substrates, including endogenous compounds such as 

bile salt, thyroid hormones, conjugated steroids and drugs such as HMG-CoA reductase 

inhibitors (statins) and antibiotics (König J et al., 2005). To date, there are 11 members in the 

OATP family, OATP1A2, 1B1, 1B3, 1C1, 2A1, 2B1, 3A1, 4A1, 4C1, 5A1 and 6A1. Liver 

specific transporters OATP1B1, 1B3 and OATP2B1 that locate on the basolateral membranes in 

human hepatocytes are our main focus in this study (Kalliokoski A et al, 2009). 

Structure 

The OATPs share a similar structure with 12 transmembrane domains and 6 extracellular loops 

(Figure 2 shows a schematic structure of OATP1B3). Studies have indicated that the 2nd loop is 

critical for the localization of the protein and the 5th loop is involved in the recognition of 

substrates (Hagenbuch B et al., 2002). Thus, mutations in these two loops (e.g. SNPs) have a 

great potential to affect the transporter functions.  
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Figure 2. Schematic structure of OATP1B3. The two dimensional model was obtained based on transmembrane 
analysis programs TMHMM (http://www.cbs.dtu.dk/services/TMHMM/) and TopPred (http://mobyle.pasteur.fr/cgi-
bin/portal.py?form=toppred). (Modified from Letschert K et al., Pharmocogenetics 2003) 
 

Polymorphisms 

OATPs are encoded by the SLCO gene family and numerous polymorphisms have been 

identified in the genes. The frequencies of the alleles vary considerably among different ethnic 

populations and different areas around the world. One of the best studied transporters with regard 

to polymorphisms is OATP1B1 which has a large number of SNPs and other genetic variations. 

Two of the most common SNPs are c.388A>G (p.Asn130Asp) and c.521T>C (p.Val174Ala), 

which exist in many OATP1B1 haplotypes, for example OATP1B1*1b (388A>G), OATP1B1*5 

(521T>C) and OATP1B1*15 (388A>G+521T>C). These two SNPs result in amino acid changes 

and have high frequencies in certain populations. (Kalliokoski A et al., 2009 & König J et al., 

2006) 

Polymorphisms generate great interests because of the potential consequences on drug 

pharmacokinetics. Drug efficacy may be affected by decreased activity of the transporter or the 

changed location. Polymorphisms may also have an impact on the substrate spectrum, which may 

contribute to the inhibition of transporters and lead to drug-drug interactions. Furthermore, 

http://www.cbs.dtu.dk/services/TMHMM/�
http://mobyle.pasteur.fr/cgi-bin/portal.py?form=toppred�
http://mobyle.pasteur.fr/cgi-bin/portal.py?form=toppred�
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polymorphisms indicate individual variations and provide knowledge for individual therapies. 

(Maeda K et al., 2008) 

NTCP 

Na+-taurocholate co-transporting polypeptide (NTCP, SLCO10A1) is the key transporter 

responsible for hepatic uptake of bile acids. More than 75% of conjugated bile acids (such as 

taurocholate) are transported by NTCP through a Na+-dependant mechanism. To date, five 

polymorphisms of NTCP have been examined by Richard H. Ho et al. (Ho RH et al., 2004 and 

2006; Dawson PA et al., 2009) Little information has been published regarding the activity or 

consequences of the NTCP genetic polymorphisms. 

Cell models 

In order to study the function of individual transporters, as well as the consequences of 

polymorphisms, it is common to generate cell models overexpressing the transporter of interest 

for use in in vitro analysis. Madin-Darby canine kidney (MDCK), human embryonic kidney cells 

(HEK293), human cervical cancer cells (HeLa) and Chinese hamster ovary (CHO) cells are 

among the most commonly used cell lines in membrane transporter studies (Sissung TM et al., 

2009 & Ahlin G et al., 2009). For our study, HEK293 cells were used as cell model and 

considering the very low background for our transporter proteins of interest this cell line gives an 

advantage compared to other cell lines like MDCK. HEK293 cells do not express or express at 

low level, the uptake transporters OATP1B1, OATP1B3, OATP2B1 and NTCP (Ahlin G et al. 

2009). The cell models used in our study were generated by stable transfection using the Flp-InTM 

system (Invitrogen, Rockville, MD). By using a recombinase (Flp) and site-specific (FRT) 

recombination the Flp-InTM system provides a way for the integration into the genome and 
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expression of the investigated genes. All stable cell lines established and validated in this project 

have previously been generated in the lab by Maria Karlgren using the Flp-In system.  

Aim 

The aim of this study is to validate an in vitro system for hepatic transporter studies as well as 

characterization of the impact of polymorphisms on transporter localization and expression when 

expressed in HEK293 cells. 

Specifically, to set up a new system of Western blotting for the detection of transporter protein 

expression, including testing of both equipment and available antibodies; to analyze hepatic 

uptake transporters, wild type and genetic variants, as well as human hepatocytes; to compare 

uptake transport activities with membrane expression levels.  
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Materials and methods 

Cell culture 

Human embryonic kidney cells (HEK293) were stable transfected using Flp-InTM system 

(Invitrogen, Rockville, MD) and cultured in Dulbecco’s modified Eagle’s medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS), 1% L-glutamate and 75 µg/ml hygromycin, at 

37℃ in 5% CO2 atmosphere. Cells were subcultured twice weekly and seeded into new 75cm2 

flasks. Transfected Flp-In-HEK293 cell lines were prepared and maintained by Maria Karlgren 

and Ulf Martens in the drug delivery group (Karlgren M et al., unpublished results). 

Isolation of primary hepatocytes  

Human liver tissue was obtained from Akademiska sjukhuset (Uppsala). In brief, hepatocytes 

were prepared by perfusion with pre-warmed ethylene glycol tetra acid (EGTA) and Hank’s 

buffered salt solution (HBSS, Sigma Aldrich, St. Louis MO), followed by digestion with 

collagenase according to Cheryl D.H., 2010. Hepatocyte yield and cell viability was measured 

using Countess Automated Cell Counter (Invitrogen, Rockville, MD). Handling of liver sample 

and hepatocytes was approved by the ethical committee of Akademiska sjukhuset in Uppsala. 

Cell membrane protein isolation 

Membrane proteins were isolated according to the Pierce cell surface protein isolation kit 

(Thermo Fisher Scientific, Waltham, MA). HEK293 cells with 90-95% confluence or 4*107 

hepatocytes were prepared for biotinylation. Sulfo-NHS-SS-Biotin in PBS solution was added 

onto the cells followed by incubation for 30 minutes at 4°C. After quenching the reaction, cells 

were dissolved in lysis buffer by sonication and incubation on ice for half an hour. Biotin labeled 



9 
 

proteins were isolated by NeutrAvidin Agarose attached column and eluted by SDS-PAGE 

sample buffer containing 50mM DTT as described by the manufacturer. Complete protease 

inhibitor cocktail, which were added to lysis buffer and wash buffer, were obtained from Roche 

(Mannheim, Germany). 

Protein concentration measurement 

Protein concentrations were measured using Pierce 660nm protein assay (Thermo Fisher 

Scientific, Waltham, MA). One pack of ionic detergent compatibility reagent (IDCR) (Thermo 

Fisher Scientific, Waltham, MA) was added to 20 ml of the protein assay reagent before 

performing the assay. Deionized water and/or SDS sample buffer was used as blank. In each well 

of the plate, 150 µl protein assay reagent (+IDCR) was added into 10 µl of samples, blank 

samples or standards. For each sample, triplet was performed to get an average value. Samples 

were mixed and shaked for one minute and incubated for 5 minutes before measuring the 

absorbance at 660 nm using cell spectrum instrument Safire2 (Tecan, Austria). 

Western blotting optimization 

For separation optimization 4-20% precast gels (Thermo Fisher Scientific, Waltham, MA), 10% 

Mini-PROTEAN® precast gels (BioRad, Richmond, CA), NuPAGE® 4-12% Bis-Tris precast gels 

(Invitrogen, Rockville, MD), 10% and 15% home-made gels were used. For optimization of 

protein transfer, the Invitrogen iBlot® Dry Blotting System, the Pierce Fast Semi-Dry Transfer 

system as well as a traditional transferring method using both Invitrogen and BioRad apparatus 

were used. In addition, Thermo Scientific Pierce Fast Western Blot Kit (Thermo Fisher Scientific, 

Waltham, MA) was tested for immunolabeling optimization. 
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Detection of transporter expression 

Membrane protein fraction samples were separated by Pierce 4-20% PreciseTM Protein precast 

gels using HEPES buffer (Thermo Fisher Scientific, Waltham, MA) or by home-made 15% SDS-

PAGE gels using a Tris/Glycine/SDS buffer (Karlgren M et al., 2004). Proteins were transferred 

to PVDF membranes using the iBlot® Dry Blotting System (Invitrogen Ltd, Paisley PA4 9RF, 

UK). Membranes were blocked in 5% dry milk powder in 0.1% Tween Tris-buffered saline 

(TTBS) for 1h at room temperature (RT) and incubated with primary antibody at 4℃ overnight 

(see below), followed by washing 3 times with TTBS buffer. Incubation of HRP conjugated 

secondary antibody was done at RT for 1 hour. The membranes were washed with TTBS 3 times 

and TBS one time before detection using ECL advanceTM detection kit (GE Healthcare, Little 

Chalfont, UK). Flouro-S Multimage (BioRad, Richmond, CA) was used for membrane detection.  

Western blot band image density was analyzed by ImageJ (http://rsbweb.nih.gov/ij/). The total 

intensity of transporter of interest was measured and normalized to the control band (NaK-

ATPase). Two to three separate blots were performed per transporter, and for each blot the peak 

areas were analyzed three times individually.   

Antibodies 

Rabbit-α-OATP1B1 (1:1000), rabbit-α-OATP1B3 (1:1000), rabbit-α-OATP2B1 (1:5000), rabbit-

α-NTCP (1:2000) were provided by Jörg König (Jörg König et al, 2000) and Bruno Stieger 

(Zollner et al, 2003).  

Rabbit- α -FLAG (1:1000) was purchased from Sigma (Munich, Germany) and α-rabbit (1:2000) 

were purchased from Santa Cruz/SDS biosciences (Heidelberg, Germany). 

http://rsbweb.nih.gov/ij/�
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Mouse-α-NaK-ATPase (1:5000) was from Abcam antibodies (Cambridge, UK); α-mouse (1:2000) 

was purchased from BD Pharmingen (Franklin Lakes, NJ). 

 Statistics 

Western blot band image density was analyzed by ImageJ. Averages and standard deviations 

were calculated.  
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Results and Discussion 

Western blotting was optimized to investigate the membrane expression level of different genetic 

variants of OATP1B1, OATP1B3, OATP2B1 and NTCP. All the genetic variant samples that 

were investigated are listed in Table 1. The locations of the amino acid exchange caused by the 

investigated polymorphisms of OATP1B1 and OATP1B3 were shown in Figure 3. The protein 

levels in HEK293 transfected cell lines were compared to human hepatocytes by measuring the 

band density using ImageJ.  

Table 1. Genetic variants of OATPs and NTCP that are investigated in this study. 

Transporters Genetic variants Polymorphisms Amino acid change 
OATP1B1 *1a wild type  

 *1b 388A>G Asn130Asp 
 *5 521T>C Val174Ala 

 *15 388A>G+521T>C Asn130Asp+Val174
Ala 

 *18 
388A>G+(411G>A)+4
63C>A+(571T>C+578
T>G) 

Asn130Asp+Pro155
Thr+Leu193Arg 

 *18+2060del 
388A>G+(411G>A)+4
63C>A+(571T>C+578
T>G)+2060delG 

Asn130Asp+Pro155
Thr+Leu193Arg+ 
687Frameshift 

OATP1B3 *1 wild type  

 *2 334T>G+699G>A Ser112Ala+Met233Il
e 

 1564G>T 1564G>T Gly522Cys 
OATP2B1  wild type  
NTCP *1 wild type  

 *1-FLAG wild type with FLAG 
tag  

 *2-FLAG 800C>T Ser267Phe 
 *3-FLAG 668T>C Ile223Thr 
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Figure 3. Locations of amino acid change caused by the SNPs in SLCO1B1 and SLCO1B3 genes. (Modified from 
Letschert K et al., Pharmocogenetics 2003) 
 

Optimization of Western blotting 

Western blot methods for protein separation and transferring were investigated. Membrane 

proteins were separated by SDS-PAGE using four different kinds of gels. In the end, 4-20% 

precast gels from Pierce was selected for all the membrane protein separation because of good 

quality and low price. However, when separating NTCP, an unspecific band was not well 

separated from the band of interest using 4-20% pierce gels. Thus 15% home-made gels were 

used instead for NTCP separation. 

For transferring, three different systems were tried. The invitrogen iBlot® Dry Blotting System 

being a fast and efficient transferring method, which takes only 7 minute to transfer; 

the Pierce Fast Semi-Dry Transfer system, also a fast transferring method, but requires more time 

for preparation and not as convenient as the iBlot system; finally, the traditional transferring 

method using both Invitrogen and BioRad apparatus. The traditional system works well but is 

more time consuming as compared to the iBlot system. It also requires good skills to perform, e.g. 

air bubbles should be avoided in order to get good transferring result. After evaluating all the 
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three systems, the invitrogen iBlot® Dry Blotting System was chosen for the Western blotting 

transferring step. 

In addition, Thermo Scientific Pierce Fast Western Blot Kit was tested. Using the provided 2nd 

antibody reagent, it took only one hour instead of traditional 3 or 4 hours incubation time. 

Unfortunately, this kit did not work well. The traditional Western blot protocol was used as 

described in the method. 

OATP1B1 

All the genetic variants of OATP1B1 were clearly detected using Western blotting, except 

OATP1B1*15 and OATP1B1*18+2060del, whose expression levels were much lower than the 

other variants [Figure 4]. For OATP1B1*18+2060del, the low expression level may be due to the 

less loading volume as can be estimated from the NaK-ATPase loading control band. The sizes of 

the OATP1B1 bands were approximately 115kD and 82kD, both were the right size of 

OATP1B1 but with different glycosylation patterns (König J et al., 2000). In hepatocytes, the 

protein size of OATP1B1 was 58kD, which corresponded to the deglycosylated molecular mass 

of OATP1B1 (calculated according to the amino acid sequences), and 82kD, which corresponded 

to one of the glycosylated forms in HEK293 cells. 

The OATP1B1 band density was calculated for a more apparent comparison between the genetic 

variants. The total intensity of OATP1B1 (all the glycosylation patterns) was measured and 

normalized to the control band (NaK-ATPase). Two separate blots were performed and for each 

blot, the peak areas were analyzed three times individually. The result in Figure 4b showed that 

all the OATP1B1 expression levels in HEK293 transfected cells were lower than in hepatocytes.  

Probably this is because of the strong band at 58kDa in hepatocytes, which might indicate that 

the cells have lost some of their integrity during the isolation (i.e. also intracellular OATP1B1 
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have been biotinylated) or this is just a difference between different cell lines/tissues. In HEK293 

cells the expression level of OATP1B1*1a, OATP1B1*1b and OATP1B1*5 were similar, while 

expression of OATP1B1*15 and OATP1B1*18+2060del were much lower.  

It is apparent that genetic variants of OATP1B1 have variable expression levels. Some of the 

SNPs are leading to amino acid changes and these results suggested that they affect the 

expression or targeting to the plasma membrane (e.g. OATP1B1*15 and 

OATP1B1*18+2060delG).  Uptake transport studies performed by Elin Svedberg (Svedberg E, 

2010; master thesis at the Department of Pharmacy) confirmed a good correspondence with the 

membrane expression level [Figure 4c].  Vmax/Km value [Table 2] further proved that the total 

transport activity variances are mainly due to the localization change caused by the SNPs and not 

by altered function of the transporter. 

(a)                                                                   (b) 
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(c) 

 

Figure 4. Expression level of OATP1B1 genetic variants. (a) Quantification using Western blotting. Fifteen µl of 
biotinylated crude cell surface proteins were loaded per lane. The molecular mass of OATP1B1 in transfected 
HEK293 was around 115kD and 82kD due to different glycosylation patterns. Comparatively, in hepatocytes, the 
deglycosylated form of OATP1B1 reduced the size to ~58kD, which was corresponding to the calculated molecular 
mass of amino acid sequences. (b) Quantification of OATP1B1 band density using ImageJ. All the OATP1B1 
expression levels in HEK293 tranfected cells were lower than in hepatocytes. The expression level of OATP1B1*1a, 
OATP1B1*1b and OATP1B1*5 were similar, while OATP1B1*15 and OATP1B1*18+2060del expression were 
much lower. (c) Uptake transport studies of OATP1B1 genetic variants using estradiol-17β-glucoronide as substrate. 
The radioactive uptake was measured using a liquid scintillation counter. Uptake values were normalized with mock 
cells. 
 
Table 2. Calculated kinetic parameters for atorvastatin and simvastatin acid uptake by OATP1B1 genetic variants, 
determined by non-linear regression to the Michaelis-Menten equation. The total transport activity, Vmax/Km, was 
determined from the linear part of the uptake curve (concentrations 0.1, 0.5 and 1µM). Mean values and standard 
deviation for the independent experiments are shown.  

Substrate Genetic variant Km(µM) Vmax(nM/min)
Vmax % 
of *1a Vmax/Km

Vmax/Km % 
of *1a

Atorvastatin OATP1B1*1a 1.82 ± 0.54 8.58 ± 1.00 100 3.66 ± 0.42 100
OATP1B1*1b 1.05 ± 0.47 4.29 ± 0.55 50 2.31 ± 0.39 63
OATP1B1*5 1.21 ± 0.70* 2.31 ± 0.38 27 0.80 ± 0.13 22
OATP1B1*15 N/A** N/A** N/A** 0.13 ± 0.33 3.6
OATP1B1*18 0.79 ± 0.50 6.22 ± 0.51 72 4.04 ± 0.33 110
OATP1B1*18+2060delG N/A** N/A** N/A** 0.35 ± 0.12 9.6

Simvastatin acid OATP1B1*1a 2.09 ± 1.00 9.04 ± 2.35 100 2.96 ± 0.37 100
OATP1B1*1b 1.99 ± 1.02 10.19 ± 3.07 113 3.47 ± 0.36 117
OATP1B1*5 1.69 ± 2.58* 2.36 ± 1.61 26 1.58 ± 0.56 53
OATP1B1*15 1.17 ± 1.67* 2.26 ± 1.15 25 1.00 ± 0.13 34
OATP1B1*18 2.53 ± 1.38* 9.13 ± 2.33 101 3.11 ± 0.89 105
OATP1B1*18+2060delG N/A** N/A** N/A** 0.48 ± 0.26 16  

* Parameter value was only calculated from one experiment 
** The activity was too low for calculation of kinetic parameters 
 

OATP2B1 

Western blotting showed high expression of OATP2B1 in the transfected HEK293 cell line 

[Figure 5a]. The molecular mass was around 82kD, which was consistent with the published 
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result (St-Pierre MV, 2002). Two separate blots were carried out, and the repeatability was well. 

OATP2B1 relative expression level was measured by calculating the intensity of bands three 

times individually for one of the blots [Figure 5b]. The uptake transport study performed by Ulf 

Martens confirmed good activity of OATP2B1 which strengthened the expression result from 

western blotting [Figure 5c]. 

(a)                                                 

      

(b)                                                                          (c) 

            

Figure 5. (a) Expression of OATP2B1 in HEK293 transfected cell line. The loading volume was 40µg biotinylated 
membrane fraction. The molecular mass was approximately 82kD. (b) Quantification of OATP2B1expression level 
using ImageJ. The density of OATP2B1 was normalized to the loading control NaK-ATPase and calculated three 
times by selecting the peak area randomly. (c) Uptake transport study of OATP2B1. OATP2B1 transfected HEK293 
cells were seeded in 96 well plates and incubated with radioactive labeled estrone-3-sulfate (E3S). The radioactive 
uptake was measured using a liquid scintillation counter. 
 

OATP1B3 

OATP1B3 variants expressed in HEK293 cells were not detectable using Western blotting, 

although two kind of validated antibodies have been tested and the experimental conditions have 

82kD 
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been modified in order to optimize the protocol. One reason for this could be the low expression 

level of OATP1B3, i.e. below the detection limit in transfected HEK293 cells.  

By contrast, OATP1B3 was identified in human hepatocytes using the optimized Western blot 

protocol [Figure 6a]. A molecular mass of 120kD was observed for OATP1B3 using the SKT 

antibody, while only an 80kD and a smaller size band were observed using the antibody from 

Bruno Stieger. Both 120kD and 80kD are the expected size. The reason for the discrepancy 

between two blots could be using different antibodies or different batches of the same antibody. 

Another reason is due to reduced stability of the hepatocytes membrane fractions. Unpredicted 

degradation of membrane proteins could occur since the western blot using Bruno Stieger’s 

antibody was performed a few weeks later than the one using the SKT antibody. 

Even though the Western blot experiments was unsuccessful for OATP1B3 transfected cells. 

Uptake transport experiments performed by Maria Karlgren and Elin Svedberg revealed that 

OATP1B3 genetic variants have transport activity in HEK293 transfected cells. Both 

OATP1B3*2 and OATP1B3*1 have relatively high activity, whereas OATP1B3 1564G>T has 

only 20% activity as compared to OATP1B3*2 [Figure 6b].  These activity results suggest that 

further studies on membrane expression level of OATP1B3 using different antibodies and/or 

different methods could be of interest. 

(a) 
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(b) 

 

Figure 6. (a) Western blot detection of OATP1B3 in human liver hepatocytes. The molecular mass OATP1B3 was 
120kD and 80kD using antibody SKT from Jörg König, while it was around 80kD and 35kD using an antibody from 
Bruno Stieger. (b) OATP1B3 uptake transport study. OATP1B3 genetic variants were individually transfected in 
HEK293 cells. Uptake of the radioactive labeled E17βG substrate was determined by a liquid scintillation counting. 
The CPM/protein concentration value was normalized to mock cells and compared to OATP1B3*2 (positive control). 

NTCP 

NTCP-FLAG transporters expressed in HEK293 cells were detected using α-FLAG antibodies. 

All the genetic variants of NTCP were detected in the Western blots [Figure 7a-c] with a lower 

unspecific band present both in hepatocytes and in transfected HEK293 cells. The band intensity 

was further analyzed using ImageJ. Three separate blots were used to get an average expression 

level and each blot was calculated three times individually by imageJ [Figure 7d]. Antibody α-

NTCP 1:1000 was tried but did not work out for all the variants. 

A NTCP uptake transport study performed by Anna Vildhede revealed that NTCP*2-FLAG had 

a greatly reduced activity as compared to NTCP*1-FLAG and NTCP*3-FLAG [Figure 7e]. 

However, the membrane expression level of NTCP*2-FLAG was medium. This indicate that the 

loss of transport activity of NTCP*2 was not due to a sorting problem caused by the SNPs. 

Instead a loss of affinity between the transports and the substrate caused by the SNPs could be 

the reason for the reduced transport ability. 
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(a)                                                 (b)                                           (c) 

     

(d)                                                                         (e)  

      

Figure 7. (a-c) Expression level of NTCP in transfected HEK293 cell lines. NTCP-FLAG bands are indicated by an 
arrow. Biotinylated membrane fraction was separated by SDS-PAGE in home made 15% gels and incubated with α-
FLAG antibody. NaK-ATPase was used as control. However, the lower density of the band on the border may due to 
a loss when running SDS-PAGE. (d) Quantification of NTCP expression level. Three separate blots were performed 
to get the average amount of density level. The loading control error in NTCP*1F (a) and NTCP*3F (b) were 
excluded and compared to NTCP*2F. NTCP*1F, NTCP*2F and NTCP*3F stands for NTCP*1-FLAG etc. (e) 
Uptake transport activities of NTCP genetic variants. Radioactive labeled taurocholate was used as uptake substrate. 
The radioactive uptake was measured using a liquid scintillation counter. Activities were normalized to mock cells. 
NTCP*1 was used as positive control. 
 

Hepatocytes  

All hepatocytes that were prepared for the study had more than 95% viability. Membrane fraction 

of hepatocytes was obtained using the same biotinylation method as for HEK293 cells. 

OATP1B1 and OATP1B3 membrane expression was identified in hepatocytes using Western 

blotting [Figure 4a & Figure 6a]. OATP2B1 and NTCP also show some expression in human 

hepatocytes (data not shown), although more experiments should be performed in order to 

confirm these results. 



21 
 

For the two batches of hepatocytes used in Western blotting, transporter inhibition studies were 

performed by Anna Vildhede. Uptake of estradiol 17β-glucuronide (E17βG) was used as an 

OATP1B1 and OATP1B3 substrate. Estrone-3-sulfate (E3S) uptake was primarily mediated by 

OATP2B1. Taurocholate was mainly taken up by NTCP. However, all the four transporters have 

overlapping substrate specificity. OATP1B1 and OATP1B3, OATP2B1, NTCP have good 

transport activity in both batches of hepatocytes [Figure 8], though OATP2B1 inhibition was not 

so significant to some degree. The reason for the weak inhibition could be that E3S was co-

transported by other transporters such as NTCP. 

(a) 

         

(b) 
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(c) 

       

Figure 8. Inhibition studies for human hepatocytes. Estardiol 17β-glucuronide (E17βG), estrone-3-sulfate 
(E3S) and taurocholate were used as specific uptake substrates for OATP1B1 & OATP1B3, OATP2B1 
and NTCP. E3S, taurocholate, bromosulfalein was used as inhibitors respectively. Uptake was studied at 
three different time points; 5, 15 and 30 minutes. 

Conclusion 

In this study, Western blot detection methods for OATPs and NTCP transfected HEK293 cell 

lines have been successfully optimized for membrane protein expression analysis. For OATP1B1, 

polymorphisms did affect the membrane localization and the reduced transporter activity was 

likely due to the membrane expression loss. However, for NTCP, all the genetic variants’ 

membrane expression was approximately the same, the significantly reduced activity of NTCP*2 

was probably due to the altered property caused by the SNPs. In addition, OATP1B1 and 

OATP1B3 have been identified in human hepatocytes and as demonstrated by both western 

blotting and transport inhibition studies. 
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Popular Science 

Transporters------a non-ignorable concern for Drug Safety 

 
For a drug to have effect and to be eliminated, it is important that the drug molecules are 

absorbed and distributed to the entire blood circulation, and then reaching their target cells in the 

body and get inside of them to act. During this process, a few barriers need to be overcome. 

Many drugs get help with that from proteins present on the surface of the cells called transporters. 

Transporters function as vehicles for carrying drugs, as well as carrying small compounds 

excreted by the body to fulfill a special task, e.g. transporting bile acids to digest fat. Thus, 

dysfunction of the transporters could cause severe problems. E.g. you cannot digest ice cream if 

the bile acid transporters don’t work. 

 

My interest is the transporters present on the surface of liver cells, named OATP1B1, OATP1B3, 

OATP2B1 and NTCP. They are the main transporters responsible for taking up drugs and other 

compounds from the blood into the liver cells. These transporters have their own favorable taking 

up compounds, but they also have some common ones, e.g. bile acids can be transported by all of 

them.  

 

In the clinic, it has been noticed that people living in different areas have different common 

mutations in these transporters, and that these mutations have a great impact on drug efficacy. It 

can result in drug-drug interaction and cause other unexpected problems for the patients.  During 

this study the four transporters mentioned above was investigated in test tube experiments in 

order to see how mutations could affect their function. One hypothesis was that the mutations 

could lead to lower amount of transporters present on the surface of the cells and thereby fewer 

drug molecules could be transported. To confirm the hypothesis, the amount of transporters 

expressed on the surface of the cells was measured using a protein detection method called 

Western blotting. Indeed, the result showed that different mutations did affect the surface amount 

of the transporters. For some of the transporters the surface amount was corresponding to the 

activity of the transporters, whereas for other transporters the surface amount remained almost 
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the same although the activity was greatly reduced. In that case other factors are probably casing 

the reduced activity. 

 

In conclusion the results obtained in this study are contributing to the understanding of drug 

transport processes in the body and will therefore in the future be a valuable tool when 

establishing research models aiming at safer drugs for the patients.  
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