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INTRODUCTION

STATISTICAL ANALYSIS

Persistent and progressive fibrosis is a characteristic of many chronic diseases
in which the accumulation of pro-fibrogenic myofibroblasts is a cardinal feature.
Following liver injury, activated fibroblasts produce in an uncontrolled manner
the extracellular matrix (ECM) components such as fibrillar collagen. This will
progressively lead to scar tissue deposition, changes in organ architecture and
its functional impairment. The initial phase of this pathologic response can be
reproduced in a primary human cell model by activating the quiescent hepatic
stellate cells with TGFb to differentiate into myofibroblasts, which express a-Smooth
Muscle Actin (a-SMA) and fibrillar collagens.
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Nitazoxanide, and its active metabolite Tizoxanide, revealed anti-fibrotic
properties in TGFb-activated HSC.
(A) General scheme for the metabolisation of nitazoxanide (NTZ). Tizoxanide
(TZ) and tizoxanide glucuronide (TZG) constitute the major circulating metabolites.
NTZ and TZ are considered as active antiparasitic agents against C.parvum & G.lamblia
(approved indication), but not the glucuronated metabolite TZG.
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HIT IDENTIFICATION BY PHENOTYPIC SCREENING
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PHENOTYPIC MTS CAMPAIGN

TZG
Inactive metabolite

TZ
Active metabolite

NTZ
Active princeps

Discover novel anti-fibrotic properties in FDA-approved drugs through a
phenotypic screening approach in primary human stellate cells.

DRUG REPOSITIONING LIBRARY (2467 COMPOUNDS)
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STUDY DESIGN & SELECTION PROCESS
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Demonstrate the anti-fibrotic activity of prioritized candidates in
fibroblasts from different organs and in preclinical models of liver
fibrosis.
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Inhibition % over TGFß

This process of finding new uses outside the scope of the original medical indication
is particularly appealing since approved drugs offer a shorter route to the clinic for
the new indication [1,2].

Data are expressed as mean ± SEM

Inhibition % over TGFß

Our approach to target fibrosis consists of the identification of FDA-approved
drugs with unsuspected anti-fibrogenic properties as based on their capacity to
inhibit the phenotypic transformation of the quiescent human primary HSC into
pro-fibrogenic myofibroblasts.

IN VIVO CONFIRMATION

NTZ INTERFERES WITH HSC ACTIVATION

(B) Anti-fibrotic properties of NTZ and TZ in HSC. Dose-response analyses
revealed that NTZ can potently interfere with the induction of a-SMA in TGFb-induced
HSC (maximal inhibition of 86% with an IC50 of 1.26µM). The active metabolite TZ
was even more potent with an IC50 of 0.6µM. As expected, the metabolite TZG was
inactive.

NTZ administration significantly attenuates hepatic fibrosis development in
2 murine disease models.
(A) Liver fibrosis was induced in C57BL/6J male mice by gavage of CCl4
emulsified in olive oil. The CCl4 was given 3 times a week for 6 weeks. Nitazoxanide
was incorporated into the diet at a percentage corresponding to an estimated dose
of 10, 30 and 100 mg/kg/day. Hepatic collagen content was significantly reduced at
a dose of 100 mg/kg/day.
(B) The murine choline-deficient L-Amino Acid defined diet supplemented
with 1% cholesterol (CDAA/c) was used as a NASH model [3]. 6 week-old C57BL/6
mice were fed a control (CSAA), CDAA/c, or CDAA/c diet supplemented with NTZ at
equivalent doses of 10, 30, and 100 mg/kg/day for 12 weeks. Hepatic total collagen
content was significantly reduced in a dose-response manner.
(C) Representative images of Picrosirius Red/Fast Green staining of liver
sections derived from the murine NASH CDAA/c model.
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A phenotypic screening approach with a read-out specifically designed to
target TGFb-activated HSC was implemented. The screening of FDA-approved
drug libraries revealed unexpected anti-fibrotic properties for nitazoxanide
(NTZ).
(A) Drug repositioning library. 4 commercialized libraries containing a collection
of clinically approved drugs (FDA, EMA & other agencies)
(B) Cell-based phenotypic assay. Primary human HSC were pretreated for 1 hour
with the compounds before stimulation with the profibrotic cytokine TGFb. The
measure of the fibrotic marker a-SMA was performed on HSC lysate by an optimized
sandwich ELISA developed at GENFIT.
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(C) Assay validation for MTS screening. HSC activated with TGFb revealed an
induction of a-SMA that was completely prevented by the TGFβ receptor inhibitor
SB525334, which served as a positive control for the screening assay. A Z’ factor of
0.6 was obtained, thus validating the performance and reproducibility of the assay.

The anti-fibrotic properties of NTZ & TZ were also demonstrated in fibroblasts
derived from diverse other organs.

(D) Schematic overview of the MTS campaign. Confirmed hits were prioritized
based on several criteria including drug-likeness properties for chronic liver
treatment and freedom-to-operate. Nitazoxanide, which demonstrated anti-fibrotic
effects in two rodent disease models, was selected as repurposing candidate in the
therapeutic area of fibrotic diseases.

Primary fibroblasts derived from lung, heart, and intestine, were stimulated with
TGFb using the same procedure as in HSC. Both NTZ and TZ inhibited the levels of
TGFb-induced a-SMA in lung and heart fibroblasts, with comparable IC50.
The anti-fibrotic activity in intestinal fibroblasts was observed only at high dose of
NTZ or TZ (>10µM).

CONCLUSIONS
A MTS screening campaign with a repositioning library containing 2467 APIs
allowed the identification of several approved drugs with unexpected antifibrotic properties.
Nitazoxanide, as well as its active metabolite tizoxanide, exerted anti-fibrotic
activities in TGFb-stimulated HSC as well as in TGFb-stimulated fibroblasts
derived from other organs such as the lung, heart and intestine. Altogether,
these data indicate that nitazoxanide could have beneficial effects on various
fibrotic diseases affecting different organs.
In vivo proof-of-concept studies in 2 murine models of liver fibrosis were
conclusive, confirming the nitazoxanide anti-fibrotic properties.
Our phenotypic screening approach combined with the use of FDA-approved
drug libraries allowed the identification of nitazoxanide and other promising
drug candidates suitable for drug repositioning in the field of fibrotic diseases
and rapid advancement into clinical trials.
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