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* Hepatic Transporter Expression in Patients with
Nonalcoholic Steatohepatitis (NASH)

* Clinical Probes to Assess Transporter Function in NASH
— 9mTc-Mebrofenin (MRP2 probe)
— Morphine/Morphine Glucuronides (MRP3 probe)

* Bile Acid Concentrations in NASH
* OSTa/B Induction in Liver Tissue of Patients with NASH

* Are Patients with NASH More Susceptible to Bile Acid-
Mediated Drug-Induced Liver Injury (DILI)?
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Nonalcoholic Fatty Liver Disease (NAFLD) and
Nonalcoholic Steatohepatitis (NASH)

« Worldwide prevalence of NAFLD is 25% and increasing
with highest prevalence in:

— 32% Middle East

— 31% South America
— 27% Asia

— 24% USA

— 23% Europe

— 14% Africa

http://www.mayoclinic.org ‘ MAYO
« ~10-20% of patients with NAFLD present with the more
progressive form, NASH

— characterized by hepatocyte ballooning, steatosis, and
Inflammation

Zezos et al., World J Gastroenterol, 20:15532, 2014; Younossi et al., Hepatology, 64:1577, 2016
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Altered Hepatic Transport Proteins in Liver
Tissue from Patients with NASH

Transporter Protein Level
(Western Blot)

OATP1B1 Increased
OATP1B3 Decreased
OATP2B1 No Change

MRP3 Increased

MRP4 Increased

P-gp Increased

BCRP Increased

MRP2 Increased
(glycosylated &
unglycosylated)

Hardwick et al., Drug Metab Dispos,
39:2395, 2011;

Clarke et al., J Hepatol, 61:139, 2014;
Clarke et al., Liver Int, 37:1074, 2017

Immunohistochemical Staining of MRP2
Normal Steatosis
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PMTc-Mebrofenin (Choletec®):
Probe for Transporter-Mediated Hepatobiliary Excretion

Used clinically as a hepatobiliary imaging agent
Liver uptake ~98%; negligible metabolism
Urinary excretion <2% of dose

Transporter-mediated hepatobiliary disposition
— Hepatic uptake via OATP1B1 and OATP1B3
— Biliary excretion via MRP2
— Basolateral excretion via MRP3

Ghibellini...Brouwer, Pharm Res, 25:1851, 2008
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Simulations Predict Increased Hepatic Exposure
to MRP2 Substrates in NASH Patients

Blood
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Kock and Brouwer, Clin Pharmacol Ther, 92:599, 2012
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Clinical Study Design: *®™Tc-Mebrofenin

« Healthy subjects (n=14) and biopsy-confirmed NASH patients [n=7; NAFLD
activity score (NAS)=4] admitted on morning of study after overnight fast

« Attenuation correction obtained with a cobalt-57 flood source
« Subjects positioned supine under gamma camera

2.5 mCi blood sampling
I.v. dose ‘A
4

25 5 751015 20 40 60 80 100 120 140 160 180 210 240 270 300 min

AWV VP ddEd v b

PMTc-mebrofenin PK

Screen/
Informed Consent

attenuation urine . - urine Safety
correction collection continuous y-scmtlgraphy collection questionnaire &

discharge

« Subjects discharged following exit exam
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Hepatic ®™Tc-Mebrofenin Exposure was
Increased Iin Patients with NASH
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Ali...Brouwer, Clin Pharmacol Ther, 104:749, 2018
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Model Scheme Describing

CL

Observed Data and Model Predictions
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100
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PMTc-Mebrofenin

Disposition and Parameter Estimates
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Parameters Healthy NASH
(n=14) (n=7)
CL ptake 1.14 0.731 **
(L/min) (0.73-2.27) (0.382-1.04)
CL 0.00800 0.00579
L/ efflux (0.00481- (0.00475-
(L/min) 0.0139) 0.00903)
CLpile 0.0354 0.0171 **
(L/min) (0.0157-0.0728) | (0.0110-0.0207)
Veentral 11.1 6.32 **
(L) (9.55-12.5) (5.69-9.69)
Viiver 0.958 0.891
(L) (0.527-1.39) (0.648-1.43)

Median (range); **p<0.001

i...Brouwer, Clin Pharmacol Ther, 104:749, 2018
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PMTc-Mebrofenin Hepatic Uptake Clearance
was Lower in NASH Patients even with
“Normal Function” SLCO1B1 Genotype

Healthy | NASH
2:28{182 (# of (# of Function
yp subjects) [subjects)
*15/*15 1 Low (LF)
*1A/*15 3 Intermediate (IF)
*1A/*14 1
*14/*14 1 = s
°
*1A/*1A 2 3
Normal (NF) 2.0
*1B/*1B 2 = T
*1B/*14 1 LE, i o . !
*1A/*1B 2 1 e —..‘— ]
5 1.0 'Y ;TFIIf A
1 — 1
0.5
A
0.0

Healthy (NF) Healthy (IF/LF)  NASH (NF)

Ali...Brouwer, Clin Pharmacol Ther, 104:749, 2018
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Hepatic Disposition of Morphine and o
Metabolites \

Morphine
Brian
Ferslew
blood flow
>
ATP Morphine
MRP2 uGT2B7
(ABCC?2)
Morphine-3- (M3G) and
o Morphine-6- (M6G)
<l Glucuronide
>
MRP3 blood flow
(ABCC3)

Morphine
Glucuronides
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Clinical Study Design: Morphine / Glucuronides

» Healthy subjects without insulin resistance: n=14
« Biopsy confirmed NASH patients [NAFLD activity score (NAS)24]: n=7

Bile Acid Profiling Morphine Disposition
o9 ’ 05,1,1.5,2h YO, 5,10, 15, 30,45 min), 1,1.5,2, 3,4, 5, 6, 7‘ 8h
Q
%O‘ee St ‘
S
&
Urine Urine Urine
X Collection Collection Collection
(\960
S

° e“\(\g < Bile Acid Profiling Blood Sample

12 ot . \!
=N \;b‘oe N\O“Q\ @ 6(\\\(\

PGQ\(:.O\‘G( 1 Morphine Blood Sample
\-

Ferslew...Brouwer, Clin Pharmacol Ther, 97:419, 2015
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Increased M3G and M6G Serum Concentrations iIn
Patients with Nonalcoholic Steatohepatitis (NASH)

Morphine
—e— Healthy
—e— NASH

Morphine-3-Glucuronide (M3G)
—i— Healthy
—— NASH

1000

Lo
3< 100
EE 100 %% E
2§ 103 22 4o Morphine-6-Glucuronide (M6G)
£ =
55 - —a— Healthy
: I —=— NASH
0 120 240 360 480 N
Time (min) 1 | | | |
0 120 240 360 480
Time (min)
. Healthy (n=14) | NASH (n=7)
epatocytes
Cnax 225 343**
(nM) (194-261) (284-413)
AUC, .o 37 59 **
(LM*min) (32-44) (42-83)
Half-life 187 146
(min) (153-229) (104-205)

Bile canaliculus

Geometric mean (95% CI); ** p<0.01 t-test on log transformed data

Ferslew...Brouwer, Clin Pharmacol Ther, 97:419, 2015
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Increased Conjugated Bile Acids in Serum of
Patients with NASH

5
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Total Bile Acids Glycocholate Taurocholate
Parameter B P-value B P-value B P-value
: : 0.43 0.03 0.02
NAS+F .004 .001 :

S+Fibrosis (0.10) 0.00 (0.01) 0.00 (0.01) 0.006

B: regression parameter estimate (SE)
Ferslew...Brouwer, Clin Pharmacol Ther, 97:419, 2015
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Organic Solute Transporter (OSTa/B) SLC51A/B

IS Upregulated in Patients with Liver Disease

Control

OSTa

ATPase s SN S
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NASH PBC

o —

W=~ == =100kDa

S "Q - 374Da Is OSTa/B an Overlooked “Safety Valve”
- for Hepatocellular Efflux of Bile Acids?

ATPase e

= 20kDa I
- = | | _ | Melina
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e ™
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Bloodstream A~
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B
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ez (MR o0
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Bile canaliculus \

Malinen...Brouwer, Am J Physiol, 314:G597, 2018
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Chenodeoxycholic Acid (CDCA) and Obeticholic Acid (OCA).
Treatment of Sandwich-Cultured Human Hepatocytes

Increased OSTa/ and BSEP mRNA, Protein and Functio
(100 pM treatment x 72 hr; n=3)
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0.0 0.0 0.0 Control OCA  CDCA Control OCA  CDCA
Control OCA  CDCA Control OCA  CDCA Control OCA  CDCA **p<0.01;***p<0.001 (treated vs. control) Treatment Treatment
Mean + 5.0, (n=3 hepatocyte donors) OCA: Obelicholic Acid . ) )
**p=0.01; ***p=0.001 (treated vs. contral) ©OCA: Chenodeoxycholic Azid OCA ObetIChOIIC ACId

CDCA: Chenodeoxycholic Acid
Guo...Brouwer, J Pharmacol Exp Ther, 365:413, 2018; Jackson et al., Appl In Vitro Toxicol, 2:207, 2016
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Altered He

patic Transporter Function in NASH Patients

May Increase Hepatic and/or Systemic Exposure to

Drugs anc

Susceptibility to Drug-Induced Liver Injury

Bile canaliculus

Kdck and Brouwer, Clin Pharmacol Ther, 92:599, 2012

(Adapted from Ho and Kim, Clin Pharmacol Ther, 78:260, 2005)
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