
15.05.2024 Bible Class Gastroenterology

PD Dr. med. Guido Stirnimann

IBAT and Other Transporters Involved in BA Transport



How big is the bile acids pool in humans?

What is the fraction of reabsorption of bile acids in the ileum?



Enterohepatic Circulation of Bile Acids

Bile acid pool 2-4 g

Bile storage
- Gallbladder

Active transport
- Bile salt pumps

apical sodium–bile acid 
transporter (ASBT)
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How are bile acids regulated?



Schaap, F. G. et al. Nat. Rev. Gastroenterol. Hepatol. 11, 55–67 (2014)
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The intracellular nuclear receptor farnesoid X receptor and the transmembrane G protein-coupled receptor TGR5 respond to bile acids by activating transcriptional networks and/or signalling cascades. These cascades affect the expression of a great number of target genes relevant for bile acid, cholesterol, lipid and carbohydrate metabolism, as well...
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Which transporters are important for bile acids?



IBAT/ASBT: Ileum (BA uptake in enterocyte)

NTCP: Liver (BA uptake in hepatocyte)

BSEP: Liver (BA export pump)

ASBT: Kidney (BA uptake in proximal renal tubule cells)
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IBAT (ileal sodium-dependent bile acid transporter) uptake of bile acids across the enterocyte brush border membrane

NTCP (sodium ion/bile acid cotransporter, with seven predicted transmembrane domains) responsible for the basolateral uptake of bile acids



Does IBAT inhibition affect transplant free survival in PFIC 
patients?



Maralixibat for the treatment of PFIC:
Long-term, IBAT inhibition in an open-label, Phase 2 study

Hepatology Communications. 2022;6:2379–2390
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Eight had FIC1 deficiency and 25 had BSEP deficiency. Of the latter, 6 had biallelic, protein truncating mutations (t)-BSEP, and 19 had ≥ 1 nontruncating mutation (nt)-BSEP.

During the study, sBA response (reduction in sBAs of > 75% from baseline or concentrations < 102.0 μmol/L) was achieved by a subset of 7 patients (37%) with nt-BSEP (hereafter referred to as “sBA responders”).



Blocking of IBAT is associated with what type of 
adverse reactions?



Lancet Gastroenterol Hepatol 2022; 7: 830–42 



What is the name of the other approved IBAT inhibitor?

What is the indication for this IBAT inhibitor?



Marilixibat

Alagille Syndrome
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Multiple Herzerkrankungen: Pulmonalstenose
Veränderungen am Skelett: verkürzte Elle, Klinodaktylie, Schmetterlingswirbel
Gesichtsdysmorphien: auffallend breite Stirn, schmales Kinn, tiefliegende Augen, Hypertelorismus
Cholestase mit Ikterus (besonders häufig bei Neugeborenen)
Diverse Störungen an Augapfel und Sehnerv. Beim Alagille-Syndrom tritt z.B. häufig ein posteriores Embryotoxon auf. Die normalerweise nicht sichtbare Schwalbe-Linie erscheint als heller Trübungsring an der Cornea auf.




What are the characteristics of Alagille Syndrome?



Alagille Syndrome

Liver International. 2020;40:1812–1822.

Nat Rev Nephrol 9, 409–418 (2013). 
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Which transporters are involved in BRIC/PFIC?



Canalicular transporters and canalicular
transport defects

Stapelbroek et al. Journal of Hepatology 2010.52:258–271 



Are there new PFIC types around?



PFIC.org

PFIC (group of disorders)

6

• PFIC 4 is caused by the loss of 
function of tight junction protein 2 
(TJP2)

• PFIC 5 is due to NR1H4 mutation 
causing Farnesoid X receptor 
deficiency.

• PFIC6: MYO5B gene mutation causes 
microvillous inclusion disease (MVID) 
and is also associated with isolated 
cholestasis.
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PFIC 1 (deficiency of FIC1 protein, ATP8B1 gene mutation) aminophospholipid flippase that flips phosphatidylserine from the outer plasma leaflet of the canalicular membrane to the inner one

PFIC 2 (bile salt export pump deficiency, ABCB11 gene mutation)

PFIC 3 (multidrug resistance protein-3 deficiency, ABCB4 gene mutation) mediates the efflux of phospholipids into the canalicular lumen in the presence of bile salts



Which transporters are important for BA transport
into and out of the hepatocytes? 



Ghallab, Hengstler et al. Journal of Hepatology.2022: 71–83
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Figure 3. Pathogenesis of HELLP

Preeclampsia-associated changes in the placenta set the stage for the development of HELLP. Ischemic injury with increased release of inflammatory mediators into the maternal circulation, and imbalance between pro- and antiangiogenic factors lead to activation of the coagulation and complement pathways.

Abnormal oxidation of fatty acids by the fetus and release of metabolic intermediates into the mother’s circulation cause liver and vascular dysfunction.

The coagulation cascade is activated by adhesion of platelets on the activated and damaged endothelium. Platelets release thromboxane A and serotonin, causing vasospasm, platelet aggregation, and further endothelial damage.

The red blood cells are sheared as they flow through damaged vessels, causing microangiopathic hemolytic anemia.

Multiorgan microvascular injury and hepatic necrosis lead to the clinical manifestations of HELLP syndrome.

LDH, lactate dehydrogenase;
RBC, red blood cell.



What happens in APAP (paracetamol) toxicity in the liver?



Ghallab, Hengstler et al. Journal of Hepatology.2022: 71–83



Which transporter would you block to minimize
hepatocyte damage in case of APAP intoxication?



Ghallab, Hengstler et al. Journal of Hepatology.2022: 71–83
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Natriumtaurocholat-kotransportierendes Polypeptid




For which other liver disease(s) is NTCP important?



Cellular and Molecular Life Sciences (2018) 75:3895–3905



What is the name of the approved drug for NTCP inhibition?

What is the indication for this drug?
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Which complication of liver disease could be treated with renal 
ASBT inhibition?





What happens if ASBT is inhibited in the kidney?



Journal of Hepatology 2024. vol. 80 I 268–281



ASBT inhibition reduces TCA (taurocholic acid) uptake 
into TECs (tubular epithelial cells).
Intravital imaging was performed 3 days after BDL and 
AS0369 treatment (60 mg/kg, twice per day).
Imaging was performed approximately 2 h after 
administration of the last AS0369 dose.

Overview of renal tissue in mice on day 2 after BDL 
showing reduced oxidative stress and tubule casts 
after AS0369 treatment compared to vehicle treated
mice.

Journal of Hepatology 2024. vol. 80 I 268–281

Development of a systemic ASBT-specific inhibitor



The peritubular capillaries are visualized by anti-CD31 antibody (blue)

Prevention of peritubular capillary leakiness by ASBT inhibition

Journal of Hepatology 2024. vol. 80 I 268–281



Transporter targets for bile acids modulation?



Bile Acid Modulation

 Pharmacological IBAT inhibition in the ileum results in 
an increased bile acid load in the colon and 
subsequently a lower bile acid pool.
 Maralixibat (PFIC)
 Odevixibat (Alagille Syndrome)

Further potential drug targets to modulate bile acids:
 NTCP -> NTCP inhibitor

 Bulevirtide (treatment for hepatitis D)
 no bile acid modulating indication so far

 ASBT -> ASBT inhibitor kidney
albireopharma.com
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