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How big is the bile acids pool in humans?

What is the fraction of reabsorption of bile acids in the ileum?
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How are bile acids regulated?
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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?
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IBAT/ASBT: lleum (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
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MARALIXIBAT FOR THE TREATMENT OF PFIC
e - Maralixibat
+ FIC1 deficiency (PFIC1, n=8) Maralixibat 266 pg/kg Week 240
. .y — sBA responders
BSEP deficiency (PFIC2) 266 ug/.kg A twice daily analysis Z 4BA nonresponders
« nt-BSEP (n=19) once daily® permittedsd os Censored
« {-BSEP (n=é) 100
Weeks 0-72 Week 72 onwards 90 \—\_’
80 -
Long-term Long-term w70
stable dosing extension 5 “
2 -
% 50 + log-rank: p<0.001
2
£ 404
5
[-3
TABLE 1 Patient demographics and characteristics at baseline g 30 A
FIC1 deficiency nt-BSEP All BSEP deficiency® Overall " 20
(n=8) t-BSEP (n=6) (n=19) (n=25) (n=33) 0
Median age, years (range) 2.0(1.0,7.0) 7.0(1.0, 10.0) 3.0(1.0, 13.0) 4.0 (1.0, 13.0) 3.0(1.0,13.0) Number at risk
Male, n (%) 6(75.0) 2(33.3) 6(31.6) 8(32.0) 14 (42.4) sBA responders | 7 7 7 7 7 7 7
Mean sBAs, pmol/L (SD) 261.8 (99.57) 404.9 (112.40)  373.4 (161.95)  380.0(149.97) 352.1 (147.40) sBA non-responders | 18 15 8 5 4 1 0
Mean ItchRO(Obs) score (SD) 21(0.75) 2.9 (0.68) 2.1(0.85) 2.3 (0.86) 2.3(0.83) U 8 . . . U g
PedsQL score (SD) 57 (18.7) 65 (17.7) 62 (12.8) 63(13.8) 61 (15.1) 0 52 104 155 208 260 312
Mean ALT, U/L (SD) 56 (29.7) 152 (151.0) 116 (109.2) 125 (118.0) 108 (107.4) iTmeifiomianroliment;Weaks
Mean AST, U/L (SD) 77 (23.8) 206 (167.3) 148 (165.1) 162 (164.0) 141 (147.2)
Mean total bilirubin, mg/dl (SD) 5.5(513) 2.9 (1.50) 1.8(1.78) 241(1.75) 2.9(3.20)
Mean direct bilirubin, mg/dl (SD) 4.0 (3.67) 2.3(1.30) 1.4 (1.33) 1.6 (1.36) 22(2.33)

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?
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Placebo Odevixd Odevi Odevixib
(n=20) 40pg/kgperday 120 pg/kgperday  all doses
(n=23) (n=13) (n=42)
Ay TERE 17 (85%) 19 (83%) 16 (84%) 35 (B3%)
Mild 6(30%)  11(48%) 8 (42%) 19 (45%)
Moderate 9(45%) 7 (30%) 6(32%) 13(31%)
Severe 2(10%) 1(4%) 2(11%) 3[F%)
Serious TEAEs 5(25%) 0 3(16%) I7%)
TEAEs leading to discontinuation 0 ] 1(5%) 1(2%)
Liver-related TEAEs* 4(20%) 5 (22%) 6 (32%) 11(26%)
TEAEs occurring in=5% of patients overall. by preferred term
Diarrthoea or frequent bowel 2(10%) 9 (39%) 4(21%) 13 (31%)
movements
Fyrexia 5 (25%) 7 (30%) 5(26%) 12 (29%)
Upper respiratory tract infection 3(15%) 3(13%) 5 (26%) 8(19%)
Vomiting 0 4(17%) 3(16%) 7(17%)
ALT increased 1(5%) 3(13%) 3(16%) 6(14%)
Total bilirubin increased 2(10%) 3(13%) 2(11%) 5(12%)
Abdominal pain 0 2(9%) 1(5%) IF%)
AST increased 1(5%) 2(9%) 1(5%) IF%)
Elood ALP increased 1(5%) 1(4%) 2(11%) IF%)
Nasopharyngitis 1(5%) 1(4%) 2(11%) IF%)
Pruritus 1(5%) 2(9%) 1(5%) 3(7%)
Cough 3(15%) [ 2(11%) 2(5%)
Urinary tract infection 3(15%) 1(4%) 1(5%) 2(5%)
Epistatis 1(5%) 1(4%) 1(5%) 2(5%)
Viral upper respiratory tract infaction 1 (5%) 2(9%) ] 2(5%)
Vitamin D deficiency 1(5%) (] 2(11%) 2(5%)
Blood creatine phosphokinase 2(10%) (] 1(5%) 1(2%)
increased
Influenza 2(10%) ] 1(5%) 1(2%)
Seratch 2(10%) 1(4%) (] 1(2%)
Constipation 4(20%) (] (] 0
Rash 3(15%) 0 0 0
Drug-related TEAEs 3(15%) 7 (30%) 7(37%) 14 (33%)
Drug-related TEAEs occurring in =5% of patients overall, by preferred term
ALT increased 1(5%) 2(9%) 2(11%) 4(10%)
AST increased 1(5%) 2(9%) 1(5%) IF%)
Total bilirubin increased 1(5%) 2(9%) 2(11%) 4(10%)
Diarrthoea or frequent bowel 1(5%) 2(9%) 2(11%) 4(10%)
movements
Data ients, n (%). TEAE ALT=alanine ami AST=asp
i ALP=alkali Stusdyir sked to indicate which d

related; the most
odevicibat vs 0% [n=0/20] with placebo)

Jated TEAES were increased ALT (7% [n=3/42] with

with placsba).

blood bilirubi [m=2/42] with odevixibat vs 5% [n=1/20]

Table 2: of adverse ts duri

he d

ble-blind treatment period

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?
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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?



Inheritance Autosomal dominant

m I N S E L G RU P P E Incidence estimate 1/30 000 to 1/50 000 live births??

Genetics ¢ Mutations or deletions in JAGGED1 or

AI ag i I Ie Syn d ro m e NOTCH2, with mutations in JAGGED1

most common?>%4

Mechanisms of e Abnormal development of intrahepatic
disease and bile ducts and bile duct paucity'”%’
pathophysiology
underlying
cholestasis

Clinical presentation o ALGS is not fully penetrant (genetic

confirmation ne»cessary}m'11

e Cholestasis is common (typically
presents within 3 mo of birth); usually
diagnosed by age 1710

e Other clinical characteristics may
include elevated serum bile acids,
pruritus, delayed growth, distinctive
facial features, renal symptoms,
xanthomas and vascular anomalies®?!

Disease progression o Estimated 10-y survival rate among
patients with ALGS born between
January 1997 and May 2019:93%

a. Native liver survival of this cohort:
Nat Rev Nephrol 9, 409-418 (2013). 20928

Liver International. 2020;40:1812-1822.
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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.



| |
Bile Acids Bile Acids
Fecal Qutput Urinary Output

albireopharma.com



Which transporters are involved in BRIC/PFIC?
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Canalicular transporters and canalicular

Canalicular

Canalicular transport

Disease characteristics

Biochemical and histological Disease associated with

transporter  defect characteristics heterozygous canalicular
(synonym) (synonym) transport defect
ATP8B1 ATP8B1 deficiency (FIC1 Spectrum of intrahepatic cholestasis ~ High serum bile salts but low GGT IcP
(FIC1) disease, PFIC1, Byler comprising PFIC1 and BRIC1 concentrations. Liver biopsy: bland
disease and Greenland PFIC1: progressive intrahepatic cholestasis with coarse and granular bile
familial cholestasis, BRIC1, cholestasis, pruritus and in some
Tygstrup-Summerskill patients extrahepatic symptoms
and Walshe cholestasis) BRIC1: episodic cholestasis, pruritus
and in some patients extrahepatic
symptoms. In between episodes no %
symptoms
ABCB11 ABCB11 deficiency (PFIC2, Spectrum of intrahepatic cholestasis ~ High serum bile salts but low GGT ICP, drug induced cholestasis,
(BSEP) BRIC2) comprising PFIC2 and BRIC2 concentrations. Liver biopsy: portal-tract transient neonatal cholestasis
PFIC2: progressive intrahepatic fibrosis, bile duct proliferation and
cholestasis, pruritus and in some amorphous canalicular bile
patients cholelithiasis
BRIC2: episodic cholestasis, pruritus
and in some patients cholelithiasis.
In between episodes no symptoms
ABCB4 ABCB4 deficiency (PFIC3)  Progressive intrahepatic cholestasis, High serum bile salts and high GGT ICP, drug induced cholestasis,
(MDR3) high serum GGT concentrations. concentrations. Liver biopsy: fibrosis and transient neonatal cholestasis
Pruritus less prominent marked bile duct proliferation LPAC
ABCC2 Dubin Johnson syndrome Asymptomatic but in some patients High serum conjugated bilirubin
(MRF2) gastrointestinal symptoms concentrations. Liver biopsy: dark blue
or black due to pigmentation
ABCG5/8 Sitosterolemia Xanthomas, arthralgias and High serum sitosterols with relatively low

premature
coronary artery disease

cholesterol concentration. Liver biopsy:
unknown

PFIC, progressive familial intrahepatic cholestasis; BRIC, benign recurrent intrahepatic cholestasis; GGT, gamma-glutamyl transpeptidase; ICP, intrahepatic cholestasis of
pregnancy; LPAC, low-phospholipid associated cholelithiasis syndrome.

Stapelbroek et al. Journal of Hepatology 2010.52:258—-271



Are there new PFIC types around?
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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.

Liver Cell

FXR

ABCB11
(PFIC2)

PFIC (group of disorders)

Progressive Familial Intrahepatic Cholestasis

ATP8B1
(PFIC1)

Genes Currently known to be
related to PFIC Subtypes

ATP8B1 TJP2
ABCB11 FXR
ABCB4/MDR3  MyoSB

(PFIC5) (gg?gﬁs) .l
. New genes
PFIC6: MYO5B gene mutation causes
microvillous inclusion disease (MVID) AR e
: : : . (PFIC4)
and is also associated with isolated PLECTIN
cholestasis. ABCC12
PFIC 1 PFIC 2 PFIC 3 PFIC 4 PFIC 5 PFIC 6 PFIC (kein #)
Protein FIC 1 BSEP MDR3 TJP2 FXR MYO5B USP53
Mutiertes Gen ATP8B1 ABCBT11 ABCB4 TJP2 NR1H4 MYO5B USP53

PFIC.org
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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?
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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?
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1
APAP 1h APAP 2h
Decreased Decreased
| GSH; GSH; 1
4\6‘&&;&' low oxidative Dilated bile high oxidative Leaky blood-
alea stress canaliculi stress bile barrier

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



APAP 2h

Decreased Decreased
GSH; GSH;
low oxidative Dilated bile high oxidative Leaky blood-
stress canaliculi stress bile barrier




m Research Article JOURNAL
I N S I DILI, Autoimmune, Cholestatic and Genetic Diseases OF HEPATOLOGY

lnterrﬁption of bile acid uptake by hepatocytes after
acetaminophen overdose ameliorates hepatotoxicity

| i
1 Hepatocyte
B eatn

Futile cycling of

Untreated

C

. APAP 1h APAP 2h bile acids
Decreased Decreased
GSH; GSH; |
‘{*{jjs'@:s“?? low oxidative Dilated bile high oxidative Leaky blood- : S
F& stress canaliculi stress bile barrier
- Regeneration
Carrier
block

Interruption of bile
acid uptake

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?
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Blood (Sinusoid)
Sinusoidal endothelial cell
Space of Disse

HDV 1. NTCP mediates
HBV and HDV entry via
its receptor function
CsA | ezetimibe | MyrB / SCY995 —{
basolateral membrane
HSPG
(GPCS) Hepatocyte
—I I TJ g
e 0
P
[ of { ARY / J,’f Nucleus
o™ | pSTATL STATZ p IFITMs [
= \ RS | / i
Bile \ s == I
Canaliculus b . J apical
~f_ - s CLDN1 . membrane N ~
j JAKISTAT /\““ . L Bl
athwa
SIS @ e
- cDs1
g m HCV basolateral membrane
IFNAR NTCP |— MyrB
'/' L 2. NTCP modulates HCV
infection by interfering with
IFN type | @ of*BA innate immune responses

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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E a
= . compendium

Prggl\ukt Fachinfo Patienteninfo Risiken Ahnliche

HEPCLUDEX Trockensub 2 mg (iH 05/24) "

Gilead Sciences Switzerland Sar

Charakteristika Virostatikum, Entry-Inhibitor, NTCP-Inaktivatar
Orphan Drug

ATC JOSAX28 Bulevirtid

Zusammensetzung Bulevirtid (2 mg)

Meue aktive Substanz (NAS)

Therapie Antiinfektiva > Antivirale Mittel > Gegen Hepatitis D
Indikation Chronische Hepatitis D ab 18 J. bel kompensierter Lebererkrankung. >
Dosierung Rekonstitution mit 1 ml Wasser fir Inj.

>78 J.: 1xigl. 2 mg (enstpricht einer verabreichten Dosis von 1,7 mg) als s.c. Inj. in Oberschenkel oder
Unterbauch. >
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Which complication of liver disease could be treated with renal
ASBT inhibition?
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Research Article JOURNAL
DILI, Autoimmune, Cholestatic and Genetic Diseases OF HEPATOLOGY

Inhibition of the renal apical sodium dependent bile acid
transporter prevents cholemic nephropathy in mice with
obstructive cholestasis

Authors

Ahmed Ghallab, Daniela Gonzalez, Ellen Strangberg, ..., Paul A. Dawson, Erik Lindstrém, Jan G. Hengstler
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What happens if ASBT is inhibited in the kidney?
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Cholemic nephropathy AS0369 therapy
BA
Hepatocyte
O e e .
ES ! Increased Decreased :
23 BA reabsorption +~ BA reabsorption |
7 § T TTT———— — .
Glomerular
g:: ”I?alry} filtration
(tubular lumen)
> A BA
> £
35
S BA
|
1
Cytotoxic BA !
concentrations \
in kidney cells Y
Urinary Urinary
excretion excretion
+ Cytotoxic bile acid (BA) concentrations in tubular * Decrease BA uptake into tubular epithelial cells,
ithelial cells, Ie?céing t(?, kidgey damage \;lll'é BA -::anAcentrations below ¢ t%}(ic levels
* Elevated levels of BAin bloo * Reduced BA concentrations in bloo
* Low BA excretion in urine * Increased urinary excretion of BA

Journal of Hepatology 2024. vol. 80 | 268-281



INSELGRUPPE Development of a systemic ASBT-specific inhibitor

BDL + AS0369

T

uﬁv 6.
A-TMRE

Hoechst-TC

ASBT inhibition reduces TCA (taurocholic acid) uptake
into TECs (tubular epithelial cells).

Overview of renal tissue in mice on day 2 after BDL
showing reduced oxidative stress and tubule casts

Intravital imaging was performed 3 days after BDL and affter AS0369 treatment compared to vehicle treated
AS0369 treatment (60 mg/kg, twice per day). mice.

Imaging was performed approximately 2 h after
administration of the last AS0369 dose.

Journal of Hepatology 2024. vol. 80 | 268-281



m INSELGRUPPE Prevention of peritubular capillary leakiness by ASBT inhibition

2C57BLEM BDL
& l Sham + vehicle/BDL + vehicle/BDL + 60 mg/kg AS0369; twice per day; n = 15 mice per group; Blood, bile, tissue
sample collection

T T T T T T T T
Day O Day 1 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Urine Urine Urine Urine Urine Urine Urine Urine

Capillary leakiness

30.2 min

Pre-injection Capillaries

Sham + vehicle

an|q sueA3-Lead

BDL + vehicle

BDL + AS0369

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

Journal of Hepatology 2024. vol. 80 | 268-281
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Transporter targets for bile acids modulation?



W INSELGRUPPE 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)
= QOdevixibat (Alagille Syndrome) ><

Further potential drug targets to modulate bile acids:

= NTCP -> NTCP inhibitor @x@
= Bulevirtide (treatment for hepatitis D)
* no bile acid modulating indication so far e

« ASBT -> ASBT inhibitor kidney o

Bile Acids
Urinary Qutput
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