
Transition from in vivo to in vitro
immunotoxicity prediction: 

methodology, practical insights, and in vivo 
implementation opportunities

Raymond Pieters 

Institute for Risk Assessment Sciences



Immunotoxicology and animal studies

• Tiered testing approach: 28d+ study, usually rats/mice

• Infection/disease models: rats/mice (Tier 2 models)

• Guinea pig assays for sensitization (incl endpoint)

• Local lymph node assays (LLNA, PLNA) (initiation phase)
– LLNA for skin sensitization

– PLNA for systemic drug-induced innate of adaptive immune responses

• Specific animal models for DILI…(?)

• Inflammatory responses (innate immune players, both as 
initiation/effector mechanisms) 



Innate immune system in inflammation



Key Characteristics

Germolic er al, EHP, 2022
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AOP for lung fibroses and emphysema



KEY EVENTS CENTRAL TO 

MANY INFLAMMATORY DISEASE OUTCOMES



Hub-KEs for inflammation can also be plotted
on:

Skin sensitization

Adjuvant-mediated food allergy (NSAIDs, 
mycotoxin deoxynivalenol (DON) and

Cholera Toxin (CT)

MNP-induced inflammatory responses

Antibiotic-induced liver disease



KE2 KE3 KE4 Adverse 
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MIE/K
E1 

Regulatory accepted NAMs No regulatory accepted NAMs

Source: AOP wiki (https://aopwiki.org/wiki/index.php/Aop:40AOPwiki) 

Skin sensitization: in vitro models serve well



Hub-KEs for inflammation can also be plotted

on:

Skin sensitization-
in vivo relevant AOP and matching KE-based in vitro tests

Adjuvant-mediated food allergy (NSAIDs, mycotoxin

deoxynivalenol (DON) and

Cholera Toxin (CT)
in vitro findings (intestinal cultures, mast cells) reflect part of the in 

vivo findings and link to AOP (hub-KE)

MNP-induced inflammatory responses-
in vitro findings translate to human effect data

Drug hypersensitivity-DILI



DRUG-INDUCED LIVER INJURY

Nat Rev Drug Discov. 2020 Feb;19(2):131-148







Fluoroquinolone

Pharmacological mechanism of 
action: Inhibition of DNA gyrase and 
topoisomerase IV

Potential toxic mechanisms:

- Highest affinity for eukaryotic 
topoisomerase II

Withdrawn 

Trovafloxacin and liver injury

TVX or control

TNF

male C57BL/6, fasted for 12 hr

CTRL TVX



Kinetics of
distribution of 
leukocytes in 
liver

Giustarini G, Kruijssen L, van Roest M, Bleumink R, Weaver RJ, Bol-Schoenmakers M, Smit J, Pieters R. Tissue influx of 
neutrophils and monocytes is delayed during development of trovafloxacin-induced tumor necrosis factor-dependent liver 
injury in mice. J Appl Toxicol. 2018 May;38(5):753-765. doi: 10.1002/jat.3585. Epub 2018 Jan 26.

https://www.ncbi.nlm.nih.gov/pubmed/?term=pieters+r+giustarini
https://www.ncbi.nlm.nih.gov/pubmed/?term=pieters+r+giustarini
https://www.ncbi.nlm.nih.gov/pubmed/?term=pieters+r+giustarini


Lessons from TVX studies

Multitarget:

– topoisomerase II arrest—p21 --- cell cycle arrest-survival

– NFκb signalling  cell activity-interaction (e.g. ICAM1 )

– costimulation by DC  no activation of T cells

– blocks Pannexin 1 channel--- ATP release 



Migration of human neutrophils inhibited by TVX

Hepes 3+/TVXf-MLP/TVX

Cells + TVX

Giustarini G, Vrisekoop N, Kruijssen L, Wagenaar L, van Staveren S, van Roest M, Bleumink R, Bol-Schoenmakers M, Weaver R, 
Koenderman L, Smit J, Pieters R. Trovafloxacin-induced liver injury: lack in regulation of inflammation by inhibition of nucleotide release 
and neutrophil movement. Toxicol Sci. 2018 

fMLP



Lessons from TVX studies

Multitarget:

– topoisomerase II arrest—p21 --- cell cycle arrest-survival

– NFκb signalling  cell activity-interaction (e.g. ICAM1 )

– costimulation by DC  no activation of T cells

– blocks Pannexin 1 channel--- ATP release 
• TVX affects attraction and migration of human neutrophil and 

monocytes (into tissue), and affects also formation of apoptotic 
bodies



No false negatives in HepaRG
• BC Deformation
• RhoKinase/Myosin Light 

Chain kinase pathways

Data on 30 tested 

drugs indicate that 

bile duct canilicula-

deformation links 

with ROCK/MLCK 

activation
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e
50 50 250

Constrictio

n
ROCK YES YES NO/YES* NO

Cyclosporine 

A
>300 50 44

Constrictio

n
ROCK YES YES YES YES

Bosentan 120 10 12 Dilatation MLCK YES YES YES* -

Troglitazone 75 50 8
Constrictio

n
ROCK YES YES YES A/YES

Nefazodone 50 75 18
Constrictio

n
ROCK YES YES YES NO

Erythromycin >200 50 12 Dilatation n.t YES YES YES NO

Flucloxacillin 12000 2000 7 Dilatation ROCK YES YES NO -
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Tolcapone 70 100 4

Dilatation 

Constrictio

n

ROCK-

MLCK
YES YES YES* NO/A

Entacapone 250 100 26 Dilatation MLCK nc. nc YES NO

Perhexiline 25 20 10
Constrictio

n
ROCK YES YES NO NO

Cimetidine 4000 4000 416 Dilatation MLCK nc nc YES* NO

Diclofenac 375 200 25 Dilatation MLCK nc nc YES* -

Metformin 3000 3000 388**
Constrictio

n
ROCK nc nc NO -

Tacrolimus 60 50 555 Dilatation MLCK YES YES YES/NO YES

Trovafloxacin 200 20 2 Dilatation ROCK YES YES - -

Levofloxacin 4000 2000 296 Dilatation MLCK YES YES NO -

Fasudil 300 50 17 Dilatation ROCK YES NO - -

Cloxacillin 9000 2000 257*** Dilatation ROCK YES YES YES -

Nafcillin 7000 2000 816** Dilatation ROCK YES YES - -
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Macitentan (i) 230 100 133 Dilatation MLCK YES YES - -

Sitaxentan 580 600 27 nc nc nc YES YES A/YES

APAP 20 000 25000 179 nc nc nc nc NO YES

Buspirone >300 100 10000 nc nc nc nc NO NO

Pioglitazone 200 100 24 nc nc nc n.t YES* A

Fialuridine >300 100 156 nc nc nc n.t NO NO

Ximelagatran >300 100 333 nc nc nc n.t NO NO

Amiodarone 20 20 25 nc nc nc nc YES* NO

Ampicillin >24000 24000 1000 nc nc nc nc - -

Amoxicillin >24000 24000 nc nc nc nc NO -

Ambrisentan >800 600 187 nc nc nc nc - -

nc = no change    n.t = not tested 1expressed proteins (IC50)   - = no information,    A=activation,    *= medium

1 Pedersen et al 2013,Morgan et al 2010, 2013,

Dawson et al 2012, 

Cholestatic drugs in HepaRG cells

Courtesy of Richard Weaver

(Servier)



Is cell migration (involving adhesion, dilation 
and contraction) of cells (bile canucila, immune 
cells) a common mechanism for different types 
of DILI?

Do cholestatic and immune-mediated drug-
induced liver injuries share common biological 
targets?



Cell adhesion and spreading on the Xcelligence



Cell migration as in vitro predictor for 

drug-induced liver injury

Drug IC20 24h Highest conc used BC HL60 Raw264.7 Cho cell THP1

µM µM deformation Migration Migration Adhesion/Spreading NFkB activity

Chloropromazine 50 50 Constriction Not Tested Strong Inhibition Decreased Strong Inhibition

Cyclosporine A >300 4 Dilatation Strong Inhibition Strong Inhibition Increased Strong Inhibition

Bosentan 120 10 Dilatation Not Tested Weak Inhibition Increased No Effect

Troglitazone 75 50 Constriction Strong Inhibition Strong Inhibition Decreased Mild Inhibition

Flucloxacilline 12000 200 Dilatation Not Tested Partial Inhibition Decreased No Effect

Diclofenac 375 200 Dilatation Partial Inhibition Partial Inhibition Increased No Effect

Metformin 3000 3000 Constriction Partial Inhibition Partial Inhibition No Effect No Effect

Trovafloxacin 200 20 Dilatation Strong Inhibition Strong Inhibition Increased No Effect

Levofloxacin 4000 2000 Dilatation No Inhibition No Inhibition No Effect No Effect

Levofloxacin high 4000 2000 Dilatation Not Tested Inhibition No Effect No Effect

Buspirone >300 100 No Effect Not Tested Partial Inhibition No Effect No Effect

Fialuridine >300 100 No Effect Not Tested Strong Inhibition No Effect No Effect

Ampicillin >24000 24000 No Effect No Inhibition No Inhibition No Effect No Effect

Ten Klooster, unpublished data



Effects of other fluoroquinolones

Trovafloxacin      

(1:18000, liver failure)

hepatocellular

Difloxacin   na  na   

Tosufloxacin  na  na  

Ciprofloxacin    na  

(isolated cases)

Moxifloxacin    na  na
(isolated cases 1:85M)

hepatocellular-cholestatic

Levofloxacin      

(rare, <1:5M)

DNA damage
topoisomerase Iia

NFkB
apoptotic
cytokine

PNX1
migration



KEY EVENTS AFFECTED 
BY DILI INDUCING ANTIBIOTIC

Increases of 
IL6/IL10 & TNF 
(in vivo)
and of TNF in vitro
(macrophages)

Increases of 
neutrophil/
monocytes

Toxic stress in 
hepatocytes
by TVX

Combined with reduced
regulation



CONCLUSION

Hub key events of inflammation can be plotted on 

many immunotoxicological AO, 

including DILI

In case of DILI, it may help to screen new drug entities,

keeping in mind that actual adverse immunotoxicological

outcomes are:

-personalized (human studies needed)

-dependent on ongoing immune responses 

(inflammations, infections, … )

-exposure-route dependent

(more advanced in vitro methods needed)
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