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Motus Circularis Bilis
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Impairment of Bile Secretion may Induce Pruritus
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Causes of Pruritus in Cholestasis

Intrahepatic cholestasis of pregnancy
Hormones
Drugs

BRIC / PFIC
Alcohol
HCV

Hepatocyte

Primary biliary cholangitis (PBC)

Bile ducts
Primary sclerosing cholangitis (PSC)

Secondary sclerosing cholangitis
|gG4-associated cholangitis
Cholangiocarcinoma

Hilar lymphadenopathy
Metastases
Biliary atresia, Alagille syndrome, others \JJ Amsterdam UMC




Pruritus in Primary Biliary Cholangitis

- Diurnal variation -
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Bergasa et al. Ann Intern Med 1985;123:161 =
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The Itch Neuron

Primary Secondary Tertiary
sensory sensory sensory
neuron neuron neuron
Established itch Trp channel ! !
receptors e.g. H1 family Dorsal Dorsal horn Spinal cord i
root gang‘ia i
)=TGR5 i i
LPA ! »Nppb >Gl‘p . CNS
receptor
family

Mrg receptor

family
Interneuron
GRP, gastrin releasing peptide
LPA, lysophosphatidic acid Pain signal

Mrg, Mas-related G protein coupled receptor
Nppb, natriuretic polypeptide b

TGRS, G protein coupled bile acid receptor
Trp, transient receptor potential
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References in: Beuers, Kremer, Bolier, Oude-Elferink, Hepatology 2014;60:399 \j) Amsterdam UMC



The Itch Neuron

Primary Secondary Tertiary
sensory sensory sensory
neuron neuron neuron

Established itch

receptors e.g. H1 Dorsal horn Spinal cord

1a

Trp channel
fami Dorsal
b root gang

»Nppb *»GFP * CNS

LPA
receptor
family

Mrg receptor
family

Interneuron

GRP, gastrin releasing peptide

LPA, lysophosphatidic acid

Mrg, Mas-related G protein coupled receptor
Nppb, natriuretic polypeptide b

TGRS, G protein coupled bile salt receptor
Trp, transient receptor potential

Pain signal

\/
References in: Beuers, Kremer, Bolier, Oude-Elferink, Hepatology 2014;60:399 \j) Amsterdam UMC



Potential Pruritogens in Cholestasis

Pruritogens...

accumulate in the
systemic circulation
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Pruritus in Cholestasis
- Therapy 2019 -

Evidence
15t line : o Cholestyramine (1-2 x 4 g/d, max. 16 g/d) 11-2 / B1
2nd Jine : e Rifampicin (2 x 150 — 300 mg/d) |/ A1
3 Jine : e Naltrexone (25 - 50 mg/d) | / B1
4™ Jine : e Sertraline (75 - 100 mg/d) 11-2 / C2
Experimental ¢ Cannabinoids Categories of evidence:

I Randomized controlled trial
e UV light therapy II-1  Controlled trials without randomization
. i i II-2 Cohort or case-control analytic studies
Albumin dlalySIS II-3 Multiple time series, dramatic uncontrolled experiments

Il Opinions of respected authorities, descriptive epidemiology
Evidence grading:

Liver transplantation A: High quality; B: Moderate quality; C: Low quality
Recommendation:

EASL Clinical Practice Guidelines, J Hepatol 2009;51:237 1 Strong; 2: Weak \\f) Amsterdam UMG

o
e Nasobiliary drainage
O




Pruritus in Cholestasis
- Therapy 2019 -

Evidence
O
O
O
O
O
O
e Albumin dialysis (e.g. MARSR); plasma separation/anion absorption
O
o

\/
EASL Clinical Practice Guidelines, J Hepatol 2009:51:237 B Bt HITIC



Severe Refractory Pruritus in Cholestasis

- Experimental Therapeutic Approaches -
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p<0.001 o404

Pares et al., J Hepatol 2010;53:307

Albumin dialysis (MARSR, PrometheusR) 2

Plasma separation / anion absorption 3

1. Cohen et al., Gut 1985; 26 (3); 291
2. Pares et al., Am J Gastroenterol 2004;99:1105, J Hepatol 2010;53:307 .
3. Pusl et al., J Hepatol 2006:45:887 \fj Amsterdam UMC



Potential Pruritogens in Cholestasis

Pruritogens...

accumulate in the
systemic circulation
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Pruritus in Cholestasis
- Therapy 2019 -

Evidence

1st line : ¢ Cholestyramine (1-2 x 4 g/d, max. 16 g/d)  1I-2 / B1

Categories of evidence:
| Randomized controlled trial

lI-1  Controlled trials without randomization
lI-2 Cohort or case-control analytic studies
I-3 Multiple time series, dramatic uncontrolled experiments

Il Opinions of respected authorities, descriptive epidemiology
Evidence grading:

A: High quality; B: Moderate quality; C: Low quality
Recommendation:

EASL Clinical Practice Guidelines, J Hepatol 2009;51:237 1: Strong; 2: Weak \jj Amsterdom UMG

Nasobiliary drainage




Severe Refractory Pruritus in Cholestasis
- Experimental Therapeutic Approaches -

Nasobiliary drainage in PBC
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Beuers et al. Hepatology 2006;44:280 \¥l Amsterdam UMC



Potential Pruritogens in Cholestasis

Pruritogens...

accumulate in the
systemic circulation
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Pruritus in Cholestasis
- Therapy 2019 -

Evidence

29 Jine : ¢ Rifampicin (2 x 150 — 300 mg/d) 1/ A1

Categories of evidence:
| Randomized controlled trial

II-1 Controlled trials without randomization
lI-2 Cohort or case-control analytic studies
I-3 Multiple time series, dramatic uncontrolled experiments

Il Opinions of respected authorities, descriptive epidemiology
Evidence grading:

A: High quality; B: Moderate quality; C: Low quality
Recommendation:

1: Strong; 2: Weak

\/
EASL Clinical Practice Guidelines, J Hepatol 2009;51:237 \WJ Amsterdom UMC




Potential Pruritogens in Cholestasis

Pruritogens... 1 k
accumulate in the
systemic circulation d are (biotrans-)formed
l:l c . .
Albumin dass e —1 : %\ in the liver andior gut
affect the endogenous \leamplcm J J

serotoninergic and I'

opioidergic system I:l

Nasobiliary drainage

}! m are secreted into bile

Cholestyramine
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Pruritus in Cholestasis
- Therapy 2019 -

Evidence

3 Jine : ¢ Naltrexone (25 - 50 mg/d) |/ B1

4t Jine : ¢ Sertraline (75 - 100 mg/d) I1-2 / C2

Categories of evidence:
| Randomized controlled trial

lI-1  Controlled trials without randomization
lI-2 Cohort or case-control analytic studies
I-3 Multiple time series, dramatic uncontrolled experiments

]| Opinions of respected authorities, descriptive epidemiology
Evidence grading:

A: High quality; B: Moderate quality; C: Low quality
Recommendation:

1: Strong; 2: Weak

\/
EASL Clinical Practice Guidelines, J Hepatol 2009;51:237 W Amsterdam umc




Therapeutic Targets in Pruritus of Cholestasis

Pruritogens... 1 k
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Beuers, Kremer, Bolier, Oude-Elferink, Hepatology 2014;60:399 \j) Amsterdam UMC



What causes Pruritus in Cholestasis?

Aretaeus the Cappadocian

(15t century A.C.)

‘Pruritus in jaundiced patients is
caused by prickly bilious particles

www.drug-rehab-headquarters.com

\¥l Amsterdam UMC



Which substance classifies as pruritogen in cholestasis?

O Bile salt

Bilirubin

Endogenous p-opioid

Fatty acid

Histamin

Lysophosphatidic acid (LPA) / autotaxin (ATX)
Neuropeptides (substance P, calcitonin gene-RP)
Serotonin

Steroid metabolite



Identification of a Neuronal Activator in Serum of Pruritic Patients

molecular size: amphiphilic
<3 kD _ G-protein upon protonation:
o [PEREE coupled receptor hydrophobicity 1
Q o®
O’P‘Océ)
HO
e
07]‘\/\/\/\/\/\/\/\/\

mmmm)> | ysophosphatidic acid (LPA)

Kremer et al., Gastroenterology 2010; 139: 1008 \¥l Amsterdam UMC



Intradermal LPA Increases Scratching Behaviour in Mice

— vehicle (N=7)
L PA (N=7)

AT EOR by s i tLabend

ﬁl A (e
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Time interval [min] * p<0.05
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Kremer et al., Gastroenterology 2010; 139: 1008 \¥l Amsterdam UMC



Lysophosphatidic Acid (LPA) is Elevated in Serum of Pruritic Patients

Choline Choline
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% R % R % In cholestasis
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Kremer et al., Gastroenterology 2010; 139: 1008 \¥l Amsterdam UMC



Lysophosphatidic Acid (LPA) is Formed by Autotaxin in Serum
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Nishimasu et al., Trends Pharm Sci 2012; 33: 138 * Ectonucleotide pyrophosphatase/phosphodiesterase 2 (Enpp2)

I~

Extracellular
space

Cytosol

|'| Amsterdam UMC



Increased Autotaxin Activity is rather specific for Pruritus of Cholestasis
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Kremer et al., Hepatology 2012; 56: 1391
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Linear Correlation between Autotaxin Activity and Itch Intensity

30+ r=0.6302
‘TTE, p<0.0001 N
: . 4 ;
= 20- 4 A A A
S A A N N
= A
2 A
=1 A A
= A
> 10~ A A
O A A
& A=Z AA A
= W aa P ad
< A@%
A
0 | | | | | | | | | | | | | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Itch intensity [VAS]

Kremer et al., Gastroenterology 2010; 139: 1008 \Il Amsterdam UMC



Autotaxin Activity Mirrors Therapeutic Efficacy in Pruritus of Cholestasis

Itch

Colesevelam Rifampicin MARS Nasobiliary Drainage
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Kremer et al., Hepatology 2012; 56: 1391 \Il Amsterdam UMC



Autotaxin Activity mirrors Therapeutic Efficacy in Pruritus of Cholestasis
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Kremer et al., Hepatology 2012; 56: 1391 \Il Amsterdam UMC



Correlation between Change in Autotaxin Activity and ltch Intensity
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125 r=0.647
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Kremer et al., Hepatology 2012; 56: 1391 \Il Amsterdam UMC



Autotaxin Activity mirrors Therapeutic Efficacy in Pruritus of Cholestasis
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Rifampicin stimulates detoxification capacity in liver and intestine via
the pregnane X receptor (PXR)

Rifampicin

R

Retinoid X Receptor

CYP3A4
UGT1A1

|
> + ™ MRP2, MRP3

Promoter

\¥l Amsterdam UMC



Autotaxin mRNA Expression in vitro is downregulated by Rifampicin
via Pregnane X Receptor (PXR)-dependent Mechanisms

B C

>

HepG2 PXR-overexpressing HepG2 HepG2 shRNA

167 p<0.01 15- p<0.02 25 ns.
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Kremet al., Hepatology 2012; 56: 1391 Rifampicin, 10 umol/L, 24 h, n=3-6 shRNA, short hairpin RNA [\JI Amsterdam UMC



Persistent hepatocellular secretory failure (PHSF)

e Serum bilirubin >255 umol/L (>15 mg/dL)

» Persistently elevated bilirubin (>1 week) after removal of the underlying cause
(medication, toxin, transient mechanical obstruction)

« Exclusion of bile duct obstruction by imaging
* No underlying liver disease

* Rapid response to rifampicine

(A) TotalseruMmhilirubin (B) Total serum bilirubin
[kM] [uM]
8004 800+

= Patient A Toxin

o Patient B: Flucloxacillin -+ Patient J: Choledochaolithiasis

v Patient K: Choledocholithiasis

it v g v Patient L: Bile duct stenosis

-+ Patient D: Anabolic steroid

" :|E_q o Patient E: Anabolic steroid 6004 -+ Patient M: Pancreatic carcinoma
- -o- Patient F: Estradiol
o + Patient G: Estradiol
-+ Patient H: Estradiol
) # Patient |: Total parenteral nutrition
/ A4/ \
/ %% \
¥
00+

[T )
=10 -8 -6 -4 =2 0 2 4 & 8 0 12 14 16 18 20

Toxin Rifampicin 300 mg/day

Time in weeks before and after start of rifampicin treatment [300 mg daily]

-0 -8 €6 -4 -2 0 2 4 € & 10 12 14 16 18
Biliary Rifampicin 300 mg/day
obstruction

van Dijk,...Beuers. Liver Int 2015; 35:1478, modified “ Amsterdom UMC



Enteroendocrine Cells are a Potential Source of Autotaxin in Man

Human duodenum

Bolier et al., BBA 2016; 1862: 696

CgA, chromogranin A
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relative ATX mRNA expression (log)

relative ATX mRNA expression
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Il Atp8b1 mut on 0.1%CA (n=2-7)

Mouse

| £33 Human healthy controls (n= 3-10)

LN

Man
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Therapeutic Targets in Pruritus of Cholestasis

“Actual treatment*

accumulate in the
systemic circulation d are (biotrans-)formed

. S in the liver andior gut

Pruritogens... 1 k ]

Albumin dialysis etc. ] : %\
affect the endogenous Rifampicin J J

serotonergic and
opioidergic system

a

Naltrexone
Sertraline

« are secreted into bile
Nasobiliary drainage
Cholestyramine

* Kremer, van Dijk et al., Hepatology 2012; 56: 1391 \¥l Amsterdam UMC




Pruritus of Cholestasis

Actual and potential future treatment

Pruritogens...

accumulate in the
systemic circulation

Albumin dialysis etc. ]

affect the endogenous
serotonergic and
opioidergic system

25

Naltrexone
Sertraline

r

Rifampici

n

s

‘ 1
d are (biotrans-)formed
S in the liver andior gut

J

« are secreted into bile

Nasobiliary drainage

t

holestyramine

fl Amsterdam UMC



Which substance classifies as pruritogen in cholestasis?

O Bile salt

Bilirubin

Endogenous p-opioid

Fatty acid

Histamin

Lysophosphatidic acid (LPA) / autotaxin (ATX)
Neuropeptides (substance P, calcitonin gene-RP)
Serotonin

Steroid metabolite



Pruritus of Cholestasis

Actual and potential future treatment

Pruritogens...
accumulate in the
systemic circulation

Albumin dialysis etc. ]

affect the endogenous
serotonergic and
opioidergic system

25

Naltrexone
Sertraline

(

Rifampici

n

s

‘ 1
d are (biotrans-)formed
S in the liver andior gut

J

Beuers, Kremer, Bolier, Oude-Elferink, Hepatology 2014;60:399

« are secreted into bile

Nasobiliary drainage

t

holestyramine

I’I AmMsterdam UMC



Identification of a Neuronal Activator in Bile of Pruritic Patients

Oude Elferink et al., 2015-2019 \Yl Amsterdam UMC



Pruritus of Cholestasis

Actual and potential future treatment

Pruritogens... 1 )
accumulate in the
systemic circulation d are (biotrans-)formed
T 9 in the Ii
Albumin dialysis etc. ] . 2\ In the liver andor gut
affect the endogenous \Rifampicin J J

serotonergic and

opioidergic system EI

Naltrexone
Sertraline

« are secreted into bile

Nasobiliary drainage

Cholestyramine

=

N/
Beuers, Kremer, Bolier, Oude-Elferink, Hepatology 2014;60:399 \l) Amsterdam UMC



The ASBT inhibitor GSK2330672 improves pruritus
in primary biliary cholangitis

207 p=0-037

I e

-20 — T
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60 -

% change from baseline (LS mean)

-80 | | |

GSK2330672 Placebo Follow-up
Study period

Hegade et al. Lancet 2017;389:1114-1123 \Il Amsterdam UMC



No Correlation between Serum Bile Salts and Itch Intensity
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Kremer et al., Gastroenterology 2010; 139: 1008

Itch intensity [VAS]
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Pruritus of Cholestasis

Actual and potential future treatment

Pruritogens... [ )
accumulate in the

systemic circulation d are (biotrans-)formed

. S in the liver andior gut

Albumin dialysis etc. ] - %\
affect the endogenous Rifampicin J J

serotonergic and
opioidergic system

25

Naltrexone T T
Sertraline Rifampicin

are secreted into bile

Nasobiliary drainage

W %hmeswramine

\/
Beuers, Kremer, Bolier, Oude-Elferink, Hepatology 2014;60:399 M) Amsterdam UMC




Pruritus of Cholestasis

Actual and potential future treatment

Pruritogens... [ )
accumulate in the

systemic circulation d are (biotrans-)formed

. S in the liver andior gut

Albumin dialysis etc. ] - %\
affect the endogenous Rifampicin J J

serotonergic and
opioidergic system

25

Naltrexone T T
Sertraline Rifampicin

are secreted into bile

Nasobiliary drainage

W %hmeswramine

\/
Beuers, Kremer, Bolier, Oude-Elferink, Hepatology 2014;60:399 M) Amsterdam UMC




Pruritus of Cholestasis

Mechanisms and management

Three of many open questions:
@ What is the role of the hepatocyte, cholangiocyte and
ileocyte in pruritus of cholestasis ?

@ What is the biliary factor X in pruritus of cholestasis ?

O How do ASBT inhibitors and PPAR agonists ameliorate
pruritus in cholestasis ?

|’| Amsterdam UMC
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