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BACKGROUND & AIMS
• Molecules that target the host rather than the pathogen offer an attractive paradigm shift in the treatment 

of tuberculosis (TB) [1]. 

• The ERA4TB consortium [2] is at the forefront of host-directed therapeutics (HDTs) development efforts, 
promoting the implementation of novel experimental models and a translational framework aimed at 
identifying and evaluating potential candidate molecules from their discovery up to early clinical 
development.

• In this work, we have implemented a modelling strategy to characterise the concentration-effect 
relationship of HDTs in preliminary in vitro studies, repurposing ferrostatin-1 (Fe–1) [3], a potent 
ferroptosis inhibitor believed to promote host cell survival in TB, as a case study.

METHODS

In vitro time-kill assay data of Mtb H37Rv, both in extracellular conditions and in infected 
human THP-1 macrophages [4], was available for this analysis, obtained by automated 
confocal microscopy [5]. The time course of bacterial growth and killing was studied, both 
in absence of host cells (i.e., extracellular conditions) and inside infected THP-1 cells (i.e., 
intracellular conditions) over a period of 10 days. The following experimental settings were 
tested: no treatment – extracellular conditions, Fe-1 treatment – extracellular conditions, 
no treatment - intracellular conditions,  Fe-1 treatment – intracellular conditions. In total, 
13 concentration levels were tested for Fe-1, starting from 800 μM and proceeding with log2 
dilutions. 
The overall pharmacokinetic-pharmacodynamic (PKPD) data analysis strategy aimed to 
quantify bactericidal/bacteriostatic effects from extracellular settings and, assuming 
additivity of effects, to provide an unbiased estimation of augmented bacterial clearance 
due to a putative host-directed effect in intracellular conditions.  This analysis comprised 
three stages: (1) development of a model of intracellular/extracellular natural bacterial 
growth, (2) parameterisation of ‘bactericidal’ effects of Fe-1 from extracellular conditions 
and (3) parameterisation of ‘host-directed’ effects of Fe-1 from intracellular-treated 
conditions. Regarding the natural bacterial growth, different models were tested (e.g. 
Gompertz’s and Velhurst’s). Both bactericidal and host-directed effects of Fe-1 were 
investigated with linear, sigmoidal EMAX or generalised EMAX models. 
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Step 2: modelling intracellular conditions 

Parameter Pop. Value IIV

GRextra (days-1) 0.267 (6.9%) 0.014 (29.1%)

B0 (log10 px2) 3.74 (0.9%) -

BMAXextra (log10 px2) 6 (0.1%) 0.02 (20.7%)

EC50kill (μmol) 9.77 (0.1%) -

EMAXkill 1.06 (5%) -

γkill 20 (FIX) -

Parameter Pop. Value IIV
GRintra (days-1) 0.888 (7%) 0.02 (25%)
B0 (log10 px2) 4.37 (1%) -

BMAXintra (log10 px2) 6 (6.21%) 0.02 (21%)
T50adapt (days) 3.23 (5%) -

γadapt 1 (FIX) -
EC50HD (μmol) 1.54 (7%) -

EMAXHD 2.45(3%) -
γHD 2.45 (3.28) -

T50eff (days) 3.28 (2%) -
γeff 0.757 (4%) -

Rpen 1 (FIX)

GRextra = Extracellular growth rate; B0 = Baseline bacterial load at day 0; BMAXextra = Carrying capacity of the system; EC50kill =  concentration at which half of maximum bactericidal effect is reached; EMAXkill = Maximal bactericidal effect; γkill = slope of the 
sigmoidal curve describing the concentration-bactericidal effect relationship; GRintra = Intracellular growth rate; Bmax = Carrying capacity of the system; T50adapt = Time at which half the maximal growth rate is reached; γadapt = slope of the sigmoidal curve describing 
bacterial adaptation to the media; EC50HD =  concentration at which half of maximum host-directed effect is reached; EMAXHD = Maximal host-directed effect; γHD = slope of the sigmoidal curve describing the concentration-HD effect relationship; T50eff = Time at 
which half the maximal drug effect in intracellular conditions is reached; γeff = slope of the sigmoidal curve describing the onset of the drug effect in intracellular conditions; Rpen = penetration ratio of Ferrostatin-1 in THP-1 cells. 

• The proposed stepwise approach allows one to disentangle the bactericidal activity of a compound from host-directed effects in a pragmatic, yet semi-mechanistic, fashion
• Notably, this approach can easily be generalised to additionally characterise compounds which act on Mtb virulence factors, in parallel with host-directed therapeutics
• This framework will facilitate the screening and ranking of promising HDTs. Moreover, the availability of PKPD estimates also provide the basis for further selection of suitable 

dosing regimens in in vivo animal models and, ultimately, in patients.

DRUG

Pathogen-directed drugs
Definition:
• A compound that modifies the physio-pathological 

properties of the pathogen in favour of the host
• No intrinsic bactericidal activity

Action (e.g.):
• Virulence inhibition

Host-directed therapies
Definition:
• A compound that modifies the immune response in favour of 

the host
• No direct effect on bacteria

Action (e.g.):
• Enhance phagocytosis
• Modulate inflammatory response

𝐵𝑢𝑔𝐸𝑥𝑡𝑟𝑎

𝐺𝑅𝑒𝑥𝑡𝑟𝑎

𝐸𝑘𝑖𝑙𝑙

𝐵𝑢𝑔𝐼𝑛𝑡𝑟𝑎
𝑇𝐻𝑃1 𝑐𝑒𝑙𝑙

𝐺𝑅𝑖𝑛𝑡𝑟𝑎

𝐸𝑘𝑖𝑙𝑙

𝐸𝐻𝐷

Extracellular conditions 

Intracellular conditions 

Intracellular growth
𝐺𝑟𝑖𝑛𝑡𝑟𝑎

Parameterisation Estimate from

Intracellular untreated 
conditions

Bactericidal effect 
𝐸𝑘𝑖𝑙𝑙

Extracellular treated 
conditions

Host-directed effect 
𝐸𝐻𝐷

Intracellular treated
conditions 

Extracellular growth
𝐺𝑟𝑖𝑛𝑡𝑟𝑎

Extracellular treated 
conditionsF

I
X

F
I
X

F
I
X

REFERENCES
[1] T. R. Hawn, J. A. Shah, and D. Kalman; doi: 10.1111/imr.12255.
[2] The ERA4TB consortium” https://era4tb.org/.
[3] O. Zilka et al.; doi: 10.1021/acscentsci.7b00028.
[4] W. Chanput, J. J. Mes, and H. J. Wichers; doi: 10.1016/j.intimp.2014.08.002.
[5] N. Deboosere et al.; https://doi.org/10.1007/978-1-0716-1460-0_29

Step 1: modelling extracellular conditions 

CONTACT: u.villani@iac.cnr.it
This project has received funding from the Innovative Medicines Initiative 2 Joint Undertaking (JU) under grant agreement No 
853989. The JU receives support from the European Union’s Horizon 2020 Research and Innovation Program and EFPIA and Global 
Alliance for TB Drug Development Non-Profit Organization, Bill & Melinda Gates Foundation, University of Dundee. This work 
reflects only the author's views. and the JU is not responsible for any use that may be made of the information it contains. 
www.imi.europa.eu sssssssssssssssss

Model equations

https://era4tb.org/
http://www.imi.europa.eu/

	Untitled Section
	Slide 1


