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LETTER TO THE EDITOR

In vitro functional rescue by ivacaftor 
of an ABCB11 variant involved in PFIC2 
and intrahepatic cholestasis of pregnancy
Elodie Mareux1, Martine Lapalus1, Amel Ben‑Saad1, Isabelle Callebaut2, Thomas Falguières1, 
Emmanuel Gonzales1,3 and Emmanuel Jacquemin1,3*   

Abstract 

Background:  ABCB11 variations are responsible for a spectrum of rare liver diseases, including progressive familial 
intrahepatic cholestasis type 2 (PFIC2) and intrahepatic cholestasis of pregnancy (ICP). Current medical treatment of 
these conditions mostly relies on ursodeoxycholic acid with limited efficacy. We report on the in vitro study of the 
p.A257V missense variant of ABCB11 identified in a PFIC2 patient and in her mother who experienced ICP.

Results:  The Ala257 residue is located outside the ATP-binding site of ABCB11. We show that the p.A257V variant of 
ABCB11 is correctly expressed at the canalicular membrane of HepG2 cells but that its function significantly decreased 
when studied in MDCK cells. This functional defect can be fully rescued by Ivacaftor.

Conclusion:  Ivacaftor could be considered as a new pharmacological tool able to respond to an unmet medical 
need for patients with ICP and PFIC2 due to ABCB11 variations affecting ABCB11 function, even when the residue 
involved is not located in an ATP-binding site of ABCB11.

Keywords:  BSEP, Cholestasis, VX-770, Potentiator, ABC transporters superfamily, Paediatrics

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

To the editor:
Variations in ATP-binding cassette subfamily B mem-

ber 11 gene (ABCB11), also known as bile salt export 
pump (BSEP), encompass a spectrum of diseases ranging 
from progressive familial intrahepatic cholestasis type 2 
(PFIC2) to intrahepatic cholestasis of pregnancy (ICP). 
Recently, we have shown that ivacaftor (VX-770), an 
ABC transporter potentiator with a marketing authori-
zation in cystic fibrosis (Kalydeco®), was able to rescue 
the functional defect due to the Abcb11-T463I variant 
located in an ATP-binding site and identified in a PFIC2 
patient [1]. In line with these results, we investigated here 
the Abcb11-A257V variant. We have previously reported 

that a compound heterozygous PFIC2 girl, harbouring 
this p.A257V variation of ABCB11 on one allele, had a 
mother, heterozygous for this ABCB11 variation, who 
experienced ICP [2]. Here, we report that the p.A257V 
variation may lead to an impaired function of the trans-
porter, thus supporting the role of this ABCB11 variation 
in the pathogenesis of ICP and PFIC2. The Ala257 resi-
due is located outside ATP-binding sites, in the fourth 
transmembrane (TM) helix of ABCB11, at the level of 
the lateral opening of the translocation cavity to the 
membrane inner leaflet observed in the inward-facing 
conformation of the transporter (Fig. 1A). The p.A257V 
variation of ABCB11 is predicted as “possibly damaging/
deleterious” by Polyphen2 [3], SNAP2 [4] and PROVEAN 
[5] and as “disease-causing” by MutationTaster [6].

The Ala > Val variation does not drastically change the 
polarity and steric hindrance of this region of the trans-
porter. However, it is located in a region that has been 
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observed in human PgP/ABCB1 to undergo a local con-
formational change, from a flexible disordered state in 
the inward-facing conformation to a continuous helix in 
the outward-facing one [7]. Interestingly, Ala > Val vari-
ation in a similar TM4 position within Cyanidioschyzon 
merolae ABCB1 has been shown to diminish trans-
port activity [8]. Moreover, when we superimpose the 
3D structures of the two halves of ABCB11, we observe 
that Ala257 in TM4 stands at analogous positions than 
Thr919 in TM10 (Additional file  1: Fig. S1), an amino 
acid for which mutation has been associated with benign 
recurrent intrahepatic cholestasis type 2 [9]. In addi-
tion, this region of TM4/TM10 is flexible between the 
two transporter halves (Additional file  1: Fig. S1). This 
suggests that both residues may play a critical role in 
the ABCB11 local conformational changes between the 
inward- and outward-facing states and may thus indi-
rectly impact its function. Indeed, although Abcb11-
A257V variant appears as a mature protein (Fig.  1B; 
quantification in Fig. 1C) correctly targeted to the cana-
licular/apical membrane when expressed in HepG2 cells 
and MDCK cells (Fig. 1D-E), it displays a transport activ-
ity defect (Fig. 1F). In MDCK cells co-expressing Abcb11 
at the apical membrane and sodium-taurocholate co-
transporting polypeptide (Ntcp) at the basolateral mem-
brane, we observed that the p.A257V variant retains only 
68% of wild type taurocholate transport activity (Fig. 1F). 
This decreased activity due to the p.A257V variation 
may therefore explain a PFIC2 phenotype when associ-
ated with another deleterious ABCB11 variation [2]. In a 
heterozygous state, this residual activity may be sufficient 
to ensure a satisfying level of biliary bile acid secretion in 
physiological conditions, excluding pregnancy. However, 
during pregnancy, the high level of circulating female sex 
hormones and metabolites can modify ABCB11 expres-
sion by repressing ABCB11 transcription and decreasing 
normal allele expression [10]. This could have favoured 
the transient decompensation of the p.A257V heterozy-
gous state leading to ICP [11].

So far, the efficiency of ivacaftor on ABCB11 variants 
involving residues localized outside ATP-binding sites 
has not been demonstrated. However, since ivacaftor 
is approved in selected cystic fibrosis patients harbour-
ing cystic fibrosis transmembrane conductance regula-
tor variations localized inside and outside ATP-binding 
sites [12], similar effects might be considered for such 
types of ABCB11 variations. Indeed, we report here that 
ivacaftor, even at low concentration (0.5 µmol/L), rescues 
the function of the Abcb11-A257V variant, increasing its 
transport activity, back to the one of Abcb11 wild type 
(Fig. 1F). These results are in line with previous reports 
showing that ivacaftor potentiation mechanism could 
also be independent of both ATP-binding and nucleotide 
binding domain dimerization [13]. It is also important 
to note that ivacaftor does not significantly modify the 
function of wild type Abcb11, as we recently reported [1]. 
Moreover, ivacaftor has been shown to rescue the chan-
nel activity of wt and mutated ABCC7/CFTR at subna-
nomolar concentrations in patch-clamp experiments 
[14], suggesting that it might be used at low doses in 
patients.

Based on these  in  vitro studies, including the pre-
sent one, ivacaftor might thus be expected to result in 
clinical benefit in ICP and PFIC2 patients carrying mis-
sense ABCB11 variations, such as p.T463I and p.A257V, 
on at least one allele. In addition, it has been reported 
that at least 5% of women experiencing ICP may har-
bour a heterozygous ABCB11 variation [15]. Due to 
limited data during pregnancy, it is currently recom-
mended to avoid or discontinue ivacaftor in pregnant 
women [16]. However, uncomplicated pregnancies have 
been reported in women with cystic fibrosis and treated 
with ivacaftor, leading to the birth of healthy neonates 
[16]. These reports suggest that ivacaftor could be used 
safely in pregnant women experiencing ICP. However, 
further studies are needed to support the use of iva-
caftor in pregnant women. So far, ursodeoxycholic acid 
is the most commonly used and admitted treatment for 

(See figure on next page.)
Fig. 1  Characterisation of the p.A257V variant of ABCB11 and effect of ivacaftor on taurocholate (TC) transport activity. A Structure of wild type (wt) 
human ABCB11 in an inward-open state solved at 3.5 Å using cryogenic electron microscopy (PDB ID: 6LR0 [18]). The fourth transmembrane helix 
(TM4) is colored in blue and the Ala257 residue is depicted in red. B MDCK cells stably expressing Abcb11-GFP (wt or A257V) and Ntcp-cMyc were 
lysed and analysed by immunoblotting. This panel is representative of at least six independent experiments. C Electrophoretic patterns from B were 
separately quantified and their relative amounts were calculated and normalized to β-actin. Results are means (± SEM) of at least three experiments. 
ns: not significant (Student t test). D Abcb11-GFP (wt or A257V) and Ntcp-cMyc were stably expressed in MDCK cells. After immunolabelling, 
Abcb11 (green) and Ntcp (red) were visualized by confocal microscopy. Bottom, centre and right panels show x–z, x–y and y–z plane images, 
respectively. Bars: 10 μm. E Abcb11-wt-GFP and Abcb11-A257V-GFP were transiently expressed in HepG2 cells. After immunolabelling, Abcb11 
(green) and ABCC2 (red) were visualised by confocal microscopy. *Bile canaliculus. Bars: 10 μm. F Vectorial transport of [3H]TC in MDCK cells stably 
expressing Abcb11 (wt or A257V) and Ntcp in the absence (−) or presence of the indicated concentrations of ivacaftor. The dashline indicates [3H]
TC transport measured in MDCK cells expressing Ntcp alone. Means (± SEM) of at least six independent experiments for each tested condition are 
shown. ****P < .0001 versus wt; and $$P < .01; $$$P < .005 versus non-treated A257V cells (one-way ANOVA)
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ICP and remains the first-line therapy even if it is a mat-
ter of debate [17]. The present in vitro data constitute a 
proof of concept that ivacaftor has therapeutic poten-
tial for selected patients with PFIC2 and ICP caused by 
ABCB11 missense variations affecting the function of the 

transporter. Considering that there is an unmet medi-
cal need for patients with BSEP deficiency, this could 
represent a significant step forward for the care of such 
selected patients.

Fig. 1  (See legend on previous page.)
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