
Drug Delivery to the Lungs 27, 2016 - Mohammed Ali Selo et al. 

Characterisation of MRP1 in human distal lung epithelial cells in vitro  
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Abbreviations 

ABC transporters, ATP-binding cassette transporters; AEC, alveolar epithelial cells; AIC air-interfaced culture; 
ATII cells, alveolar type II cells; ATI-like cells, alveolar type I-like cells; BSA, bovine serum albumin; CF,5(6)-
carboxyfluorescein; CFDA, 5(6)-carboxyfluorescein diacetate; FBS, foetal bovine serum; KRB, Krebs-Ringer 
buffer; LCC, liquid-covered culture; MRP1, multidrug resistance-associated protein1; PBS, phosphate-
buffered saline. 

Summary 

Of the more than 50 members of the ABC-transporter family, MRP1 (ABCC1) has been identified to have the 
highest protein expression levels in human lung tissues. The subcellular localisation and functional activity of the 
transporter in lung epithelia, however, remains less well investigated. The aim of this project was to study MRP1 
expression and function in human respiratory epithelium using the NCI-H441 cell line as well as freshly isolated 
human alveolar epithelial type (AT) II and type I-like cells in primary culture in vitro. ABCC1 gene expression was 
comparable between ATII and ATI-like cells, while MRP1 protein expression was higher in ATI-like cells from 
three different patients, when compared to ATII cells. Gene and protein expression remained stable over thirty 
passages of NCI-H441 cells studied, independent of culture conditions. Surface biotinylation confirmed 
basolateral expression of the transporter in NCI-H441 cells. Efflux experiments found the transporter to be 
functionally active and sensitive to specific inhibitors in both, NCI-H441 and primary cells. Bi-directional transport 
experiments revealed a net absorptive, MK-571 and telmisartan-sensitive CF flux, underlining the basolateral 
localisation of the transporter. This study shows that the cell line NCI-H441 is a useful in vitro tool for the 
investigation of MRP1 function in distal lung epithelium. 
 
Introduction 

 
The study of drug transporters in the lung is of importance because they might influence the local 
pharmacokinetics of inhaled drugs or can be involved in the pathophysiology of respiratory diseases 

[1]
. MRP1 is 

one of the most highly expressed ABC-transporters in the human lung tissues 
[2]

. MRP1 has also been shown to 
interact with inhaled drugs such as N-acetylcysteine or inhaled corticosteroids 

[3]
. Furthermore, there is pre-clinical 

and clinical evidence that changes in expression or function of the transporter are associated with the occurrence 
of COPD 

[4,5]
. Unfortunately, there is a considerable lack of suitable cell culture models for the study of MRP1 

function or expression in the distal lung 
[1]

. Therefore, we aimed at establishing the human adenocarcinoma cell 
line, NCI-H441 as an in vitro model by comparing expression and activity of MRP1 in NCI-H441 cells with freshly 
isolated human alveolar epithelial cells (AEC) in primary culture.  
 
Materials and Methods 

 
All cells were grown on Transwell inserts, either under air-interfaced culture (AIC) or liquid-covered culture (LCC) 
conditions for expression analyses and transport studies, or on tissue culture plastic for efflux experiments with 
ATI-like cells. NCI-H441 cells were fed with RPMI-1640 medium supplemented with 5% foetal bovine serum 
(FBS), 1 mM sodium pyruvate, 100 U/ml penicillin and 100 μg/ml streptomycin, whereas ATII cells were cultured 
using Small Airways Growth Medium (SAGM) supplemented with 1% FBS, 100 U/ml penicillin and 100 μg/ml 
streptomycin. MRP1 expression in ATII and ATI-like cells from three different donors and in at least three different 
passages of NCI-H441 cells was studied using real-time PCR (q-PCR) and immunoblot. Transporter localisation 
was confirmed by surface biotinylation. Surface biotinylation was conducted by treating cells grown in Transwell 
inserts with sulpho-NHS-biotin reagent either apically or basolaterally for 20 min. Bovine serum albumin (BSA, 
10%) containing phosphate-buffered saline (PBS) was used in the respective opposite compartment. The reaction 
was quenched by incubating both compartments with 10% FBS in PBS for 20 min, followed by treating cell 
monolayers with lysis buffer. The biotinylated proteins were isolated by overnight incubation of cell lysate with 
agarose streptavidin beads with subsequent centrifugation. The biotinylated proteins were eluted from streptavidin 
beads by 20 min incubation with sample loading buffer and used for immunoblotting. The activity of the 
transporters in both cell models was investigated by carrying out bi-directional efflux and transport studies. Bi-
directional efflux experiments were carried out by incubating cell monolayers grown on Transwell inserts with 100 
µM CFDA with or without the inhibitor compound, MK571 (20 µM) for 60 min. Then the substrate solution was 
replaced with Krebs-Ringer buffer (KRB) buffer and 200 µl samples were withdrawn from both apical and 
basolateral compartments every 15 min up to 90 min. The fluorescence activity of samples was assessed in 96-
well plates using an automated plate reader at excitation and emission wavelengths of 485 and 520 nm, 
respectively. Bi-directional transport studies (A-B) and (B-A) were also performed by using the substrate CFDA at 
100 µM as well as the inhibitor compound, MK-571 at 20 µM. The apparent permeability coefficient (Papp) was 
calculated using the following equation: Papp = (ΔQ/Δt)/(AC0), where ΔQ is the change in concentration of CF over 

the designated period of time (Δt), A is the surface area of the Transwell inserts, and C0 is the initial concentration 
of CFDA in the donor compartment.   
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Results and Discussion  

 
Expression of MRP1 in human AEC is shown in Figure 1. While RNA levels remained stable during 
transdifferentiation, a clear increase in protein expression in ATI-like cells was detected by Western blot. The 
protein abundance detected in ATI-like cells was comparable to values measured in NCI-H441 cells. Figure 2 (A) 
shows expression and localisation of MRP1 (ABCC1) in NCI-H441 cells under different culture conditions (i.e. AIC 
vs. LCC) and over several passages. Neither culture conditions nor passage number lead to a significant change 
in protein abundance. Passage numbers also had no influence on RNA levels (Figure 2 (B)). Cell surface 
biotinylation followed by immunoblot confirmed MRP1 localisation to basolateral cell membranes of both NCI-
H441 and ATI-like cells. The same blots show the absence of β-actin, an intracellular protein, in sulpho-NHS-
biotin-treated cell membrane samples confirming that sulpho-NHS-biotin binds only to the surface protein without 
penetrating to the intracellular compartments (Figure 2 (C and D)).  
 

 

 

Figure 1. Expression of MRP1 (ABCC1) during transdifferentiation in human primary alveolar epithelial cells. (A): Western blot 
of MRP1 from three different patients. (B): q-PCR of ABCC1 expression during transdifferentiation.  

 

 

Figure 2. MRP1 protein (A) and ABCC1 gene expression (B) in NCI-H441 cells over several passages. (C and D): 
representative immunoblot after surface biotinylation showing basolateral localisation of MRP1 in NCI-H441 (C) and ATI-like (D) 
cells. A and B, indicate apically and basolaterally sulpho-NHS-biotin-treated cells, respectively and N indicates normal whole cell 
lysate.  

  

(A) (B) 

(A) (B) 

(C) (D) 



Drug Delivery to the Lungs 27, 2016 - Mohammed Ali Selo et al. 

 

By the end of the efflux studies in NCI-H441 cells, a significantly higher amount of CF was found in the 
basolateral receiver compartment, indicating that a basolaterally-localised MRP1 was mainly responsible for the 
efflux of the substrate. MK-571 significantly reduced CF efflux across the basolateral membrane, but not the 
apical efflux (Figure 3A). Efflux of CF was also inhibited by MK-571 in ATI-like cells grown in 24-well plates during 
a 75 min lasting efflux study (Figure 3B).  

Bi-directional CF transport studies across monolayers of ATI-like and NCI-H441 cells showed significantly higher 
(A-to-B) than (B-to-A) Papp values, further confirming that basolaterally localised MRP1 is the mediator of CF 
transport in both cell models. The MK571 treatment resulted in a significant reduction in (A-to-B) but not (B-to-A) 
Papp values in NCI-H441 cells (Figure 4A). In ATI-like cells, MK-571also caused significant reduction in (A-to-B) 
but significant increase in (B-to-A) Papp values (Figure 4B). These data shows that MRP1 has similar functional 
activity profile in both NCI-H441 and ATI-like cells. These data suggest that MRP1 has similar functionally activity 
in both NCI-H441 cells line and ATI-like cells.  

 

 

Figure 3. MRP1-mediated, inhibitor sensitive CF efflux in NCI-H441 (A) and ATI-like (B) cells. Data representing means ± SD, n 
= 3, **p ≤ 0.01, ***p ≤ 0.001. 

 

Figure 4. MRP1-mediated, inhibitor sensitive bidirectional CF transport in NCI-H441 (A) and ATI-like (B) cells. Data 
representing means ± SD, n = 4, *p ≤ 0.05, **p ≤ 0.01. 
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Conclusions 

Drug transporter expression in cell models can be sensitive to time in culture and culture conditions and therefore, 
needs to be carefully evaluated 

[1]
. The results shows that MRP1 is expressed basolaterally in both NCI-H441 and 

ATI-like cells and it has similar abundance in NCI-H441 cells grown under AIC and LCC conditions. Furthermore, 
the results shows that MRP1 has similar expression and activities in both freshly isolated human alveolar 
epithelial cells in primary culture and NCI-H441 cells and thus NCI-H441 cell line can be used as a model for the 
study of transport mechanisms at the distal lung epithelial barrier. 
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