AASLD ABCB4/MDR2 HAPLOINSUFFICIENCY PREDISPOSES MICE TO BILIARY INJURY AND SECONDARY “‘

The Liver ¢

CHOLESTASIS AND DEFINES A TRANSLATIONAL MODEL OF TOXIC BILE INDUCED HEPATOBILIARY

INJURY IN HUMAN CHOLANGIOPATHY

E. L. Bell', J. K. Truong’, Y. Jo', B. Reddy’, A. Kolpak', J. P. Miller!, A. S. Garfield'?, and R. O. Hughes’ R E CT I FY
'Rectify Pharmaceuticals, Cambridge, MA “Present address: Rhythm Pharmaceuticals, Boston, MA PHARMA

Meeting’

Cholangitis

Altered bile composition Serum markers of hepatotoxicity

Introduction

Bile composition is tightly controlled to buffer the toxicity of monomeric bile acids WT HET _ o
(BA) within bile ducts, preventing biliary system injury and the development of N AST A s A Picro Sirius Red
cholangiopathies and cholestatic disease. The phospholipid floppase function of Biliary Phospholipid Biliary BA Bile toxicity ALT ‘b‘/... e e A R s s e e - WT HET
.. R Ry T e IR o S R et R B ' fegts
Abcb4/Mdr2 protein is necessary to buffer BA as demonstrated by the fact that - 15001 =3 WT = 15004 /3 WT SR o T R G R T s AL et
loss of function leads to progressive familial intrahepatic cholestasis type 3 507 1007 e = HET = HET * CK19 i@t ool sefiia i s fy 108, SN o o e
(PFIC3). The Abcb4/Mdr2 KO mouse, a genetic model of PFIC3, has altered 40— sod 4- LY L e 5#"11\ Gty e R %“
bile composition and serves as a model of toxic bile induced bile duct injury with % 1 — 2 3 1000 vost oo . I 1000- s \& e e 'J | oo
sclerosing cholangitis®. In rare hepatobiliary diseases a two-hit hypothesis is ~— 30+ % 60 C 3+ = = d‘* oAl e )
possible, suggesting that the presence of a first hit genetic variant sensitizes the § . e I . i | = - o = T B AR R e r,%;
system to injury from a second environmental hit, thereby promoting - m g <L 900+ < 900- _ _ . SOATNE i estle sl R f’ﬁﬁ},
development of hepatobiliary disease. Here we characterize a two-hit model o 10- 20- 1- - - - - T o SR g Ly ; SRCET
utilizing the toxic bile of the Abcb4/Mdr2 heterozygous mouse. - SR B R o e ; S
’ 0 0 Cdb (it vyl o ioig ot g S e S
0 0 e A L O e e NG 2 b AN B . &§
WT  HET WT HET WT HET 1 2 3 4 6 1 2 3 4 6 '-'.‘-‘.{n{, *\} "*\j M*"., I g : B ”" ke | -- o Q“\.{; 2
- _ _ Figure 1 Abcl_34/Mdr2 HET anlmals hav_e altered b".e compqsmon Loss of one Sopy of Figure 3. Peripheral markers of hepatotoxicity are elevated in Abcb4/Mdr2 HET mice Siep RS s LR LS e A ¢ PR N / Do A Al
To generate a more clinically relevant model for BA induced bile duct damage | | Abcb4 results in decreased (A) bile PL without changing (B) bile BA levels. This leads to - e - - - T R Y T S 5 - ol
, _ , . : L : : . : ) Lithogenic diet increases (A) ALT and (B) AST in HET mice compared to WT mice. R Sae o BRI R S N I R Sl e S ety R |
that could support drug discovery and translational development, we asked if the an increase in (C) the BA to PL ratio, likely impacting the generation of mixed micelles SR v e Pl U O e e e - o
altered bile composition in Abcb4/Mdr2 heterozygous animals can serve as the thereby increasing the “toxicity” of bile. This bile composition likely contains unbuffered Merae St st TR e " ey e e _._:;.‘I"::;_._j‘-‘-._‘,-j:% B C
first hit in a two-hit model of hepatobiliary disease. The goal was to identify | | BA, providing an environment conducive to biliary damage-induced cholestasis. HET 9 Grriombpdiaiore SWier o T G o S
conditions that increased both alkaline phosphatase (ALP) and serum BA| | animals are phenotypically normal and do not display any overt hepatobiliary phenotype'. oy e R e e s s el D Fibrosis Liver gene expression
preferentially in the heterozygous (HET) compared to wild type (WT). We chose S — S 2 e B S
to stress the animals with two different diets; 1) 0.5% Cholic Acid (CA) diet or 2) A g B Red = CD11b signal C 1.59 -  wrlo
15% fat, 1.25% Cholesterol (CL), and 0.5% CA (Lithogenic diet). u Liver Index : Col1a2+
Serum markers of cholestasis c Gallolader calcul - Liver cytokines = . ~ Ty
27 = wr 1907 = wr \} P\ eribiliary _ Parenchymal ~ m 10- coirar
0.5% CA diet 5 | mm HET w0 | wmOHET S 6- = 1.0- el < -
) ©
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Serum and bile: Serum total bile acids were measured by microplate enzyme ? Figure 4. Abcbh4/Mdr2 HET mice have exacerbated liver and gallbladder phenotypes. 20 % 0.0 ONEENIS compared to WT mice. (A) Pico sirius red staining of WT and HET livers
cycling assay from Abcam (AB239702) or using an enzyme cycling assay from 0 .. As early as 1 week on diet there is a difference in (A) liver weight to body weight between WT  HET o WT  HET pg/g liver tissue after 6 weeks on lithogenic diet indicates collagen deposition in the peri-
Sjodax with Cannon clinical analyzer. Bile BA were measured using the Sjodax Weeks 3 3 3 1 2 3 Weeks 3 3 3 1 5 3 WT and HET _mice. Furt_hermor.e, (B) crystal precipijtates N the gallbladder we_re .observed Figure 6. Indicators of cholangitis are elevated in Abcb4/Mdr2 HET mice after 6 biliary regions with initial parenchymal migration in HET mice while
assay and phospholipids were determined with the LabAssay™ Phospholipid kit 0.5% CA - F -+ 0.5% CA -+ L after 1 week in HET mice while it took 3 weeks in WT mice. These data indicate that weeks on diet. (A) IHC staining for leukocyte marker CD11b was colocalized to staining is normal in WT mice. (B) Quantitation of peribiliary and
from FujiFilm. ALT, AST, and ALP were determined using Pentra assay kits with WT HET WT - changes in biliary PL predisposes to hepatobiliary phenotypes. peribiliary space with Ck19 signal. The CD11b signal was quantified as (B left) parenchymal staining demonstrates elevated levels in HET mice. (C) Gene
the Horiba Pentra 400 Chemical analyzer. peribiliary or (B right) parenchyma indicating the inflammation is peribiliary. Analysis of expression analysis demonstrates elevated levels of fibrotic matrix
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30Hz for 3 minutes. Samples were mixed at 4°C for 30 minutes, centrifuged and o 007 e e = H g S LY 0 diet induced injury, generally phenocopying Mdr2 KO mice. The lack of an early phenotype in WT animals supports the notion that the
protein concentration of lysate determined with BCA. 300ug of liver tissue were = 200 é 50- = — - C o v altered bile composition contributes to development of cholangitis and cholestasis seen in a number of hepatobiliary diseases. Like PSC
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Histology: Liver was formalin-fixed for 24 hours, transferred to ethanol and then 1 ? We%ks ) ° 1 ° We3eks : ° Veam| S, §2‘
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prightfield immunohistochemistry for CK19 (Abcam ab133496), CD11b (Abcam | | Figure 2. Peripheral markers of cholestasis are elevated in Abcb4/Mdr2 mice fed a e > 5] References
ab133357), VCAM (Abcam ab134047) or pico Sirius red. Whole liver section lithogenic diet. WT and HET mice fed a diet containing 0.5% CA demonstrate no change =" = &
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Visiopharm (Hoersholm, Denmark) using a semi-automated approach. independent increase in (B) serum total BA. Feeding mice a lithogenic diet preferentially | | Figure 5. Abcb4/Mdr2 HET mice demonstrate increased Ck19 and Vcam compared to ' (1993) ' Y9 P 9lyeop J P PROSPROTP '
Statistical analysis: GraphPad Prism software was used to analyze data for | | Increases both (C) ALP and (D) sTBA in HET mice compared to WT mice. Levels of both | | wT, |HC staining and quantitation of (A) Ck19 or (B) Vcam staining in WT and HET livers 2. Vesterhus M et al. Novel serum and bile protein markers predict primary sclerosing cholangitis disease severity and prognosis. JHEP 66 (2017)
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significance. the CA in the diet is sufficient and, thus mice fed lithogenic diet were further characterized. of bile ducts in HET mice with dietary stress. Med 13 (2021)
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