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Outline & overview

• Introduction to TB & therapy

• New TB drugs in trials

• Rationale behind NM4TB 

• Criteria for drug discovery

• Examples of target-

& cpd-based screens
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Tuberculosis – does that still exist?

• 2 Million deaths & ~9 Million new cases/yr
• 2 Billion infected – latent disease
• Devastating synergy with HIV: ~15% have TB, 
>80% in some African regions

• MDR-TB & XDR-TB major concern
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XDR-TB: a menace
• 500,000 cases of MDR-TB 

(70,000 in Europe)
• >50 countries with XDR-TB
• Worst affected countries are 

next-door!

‘We risk converting the largely treatable TB epidemic into 
a non-treatable one, as it was before antibiotics … 

An XDR-TB epidemic would threaten all progress made
in TB control in recent years’ 

Senior, K (2007) Lancet Infectious Diseases 7, 511
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What’s available?

• Vaccine - BCG

• Tuberculin skin test

• DOTS
• Rifampin
• Isoniazid
• Ethambutol
• Pyrazinamide

• 75 years old

• 125 years old

• ~40 years since   
last new drug

Sad contrast to HIV/AIDS situation!
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Common theme - biphasic kill kinetics

←Isoniazid
←Untreated

←Pyrazinamide

←Both drugs

In vitro

Animals

Humans

PERSISTENCE
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Current TB drugs
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TB drugs are
often prodrugs
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What’s needed?

• More potent 
compounds

• Reduce duration 
of therapy <3m

• Kill persisters
• New MoA to 
overcome 
resistance
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Global TB drug pipeline

Casenghi et al. (2007 )
PlosMed 4 e293
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New TB drugs
• FQ: moxifloxicin, gatifloxicin

• Nitroimidazole derivatives: PA-824,

Otsuka compound OPC67683

• Oxazolidinones: PNU-100480, AZD5847

• JJ cpd, R207910, TMC207
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Moxifloxacin reduces treatment duration

• On substituting Moxifloxacin for INH, mice cured 
in only 4m compared to 6m with INH
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Activation of PA-824

• Nitroimidazoles active 
microaerophilically

• PA-824 active aerobically & 
microaerophilically

• Persistence?
• Is a prodrug
• Target(s) unknown but CW 

likely

Stover et al. (2000) Nature 405:962; 
Manjunatha et al. (2006) PNAS 103:431

Singh et al. (2008) Science

NONONO
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A major advance TMC207

Andries et al. (2005) Science 307: 223 - 227

• Screening

• Resist mutants

• Whole genome
resequencing

• Target ID

• Genetics
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TB Alliance Portfolio
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New regimen in clinical trial

• Phase II trial, NC001, tests PA-
824, MOXI & PZA in South Africa

• EBA trial: 2 w treatment, 3 m of 
follow-up to evaluate effectiveness, 
safety, and tolerability. 

• NC001 also tests TMC207/PZA and 
PA-824/PZA
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NM4TB -

http://www/NM4TB.org

16 academic partners in EU/CH, 
2 academic partners in DEC, 

2 SME, 
1 big pharma.

Dispersed drug discovery consortium!
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NM4TB - Approaches

Lead generation

Compound based 
approaches-MIC

driven

Target based-
IC50 driven

Enabling technologies

Structure
driven

15% 85%

WP1

WP3

WP4

WP2 WP2



NM4TB: Drug Profiles
Compounds must have sterilizing, bactericidal activity

Effective X persisters (extra/intracellular)

Novel MoA: active X MDR- & XDR-TB

Selectivity for Mycobacteria 

No antagonism with DOTS & compatible with dosing

Compatibility with ART

Toxicologically acceptable for dosing >2 months

Therapy ideally results in cure within 2 months 

Big ask!
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Lead generation
Target-based: IC50 driven

Case of PknB
• STPK

• Physiological role: peptidoglycan metabolism?

• Essential function

• Assay available

• 3D structure known

• Millions of kinase inhibitors 

“available”
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?

Signal transduction & drug design

Targeting
kinase
activity

Targeting
receptor
domain

Glycogen metabolism
TCA cycle
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• Finished HTS, 

• Finished focused library, virtual

& whole cell screens,

• Finished selectivity screens,

• Top hits don’t show MIC.

Current status
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Conclusions to date
• Target-based approaches to drug            
discovery disappointing

• Extensive attrition

• Target-based hits don’t show MIC

• Validation requires more than genetics,      
chemical validation better

If starting again would include 
more compound-based 
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Benzothiazinones (BTZ) as 
antimycobacterial agents

PCT/EP2006/004942
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2-[(2S)-2-methyl-1,4-dioxa-8-azaspiro[4.5]dec-8-yl]-8-nitro-6-trifluoromethyl-4H-1,3-benzothiazin-4-one

10526043

(Makarov, Möllmann, Cole)
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Benzothiazinones (BTZ) as 
antimycobacterial agents

• Highly active against M. tuberculosis (MIC 1-10 ng/ml)
and other actinobacteria

• Active against MDR- and XDR-TB
• Synthesis involves 7 steps, 36% yield, from 
commercially available reagents

• Extensive SAR undertaken
• Non-mutagenic/cytotoxic
• Good bioavailability

PCT/EP2006/004942



Comparative in vitro efficacy

Makarov et al. 2009 Science 324:801



Death in real time!
7H9         10526043    0.2 μg/ml                        7H9
98 h                     240 h                                      265 h

a b

N. Dhar, J. McKinney. EPFL

Stain
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NIINHDMSO

10526043 10526045

Comparative ex vivo efficacy

P. Brodin, T. Christophe; IP Korea

INH
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in mouse model
Similar to 
INH & RIF
in chronic
infection
model

..but
how

does it
act?

AZI, JHU, BI-RAS, EPFL

1 log
kill

in lungs
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3 ng/mL 4 h 30 ng/mL 4 h

MOA from transcriptomics

S. Waddell & P. Butcher. SGHMS

• 60 genes significantly induced

• Involved in peptidoglycan biosynthesis 

and other CW functions

• Greatest overlap with EMB (Boshoff et al., 2004)
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Target finding

G. Manina & G. Riccardi. U Pavia
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- 1 2 3 4 5 6 7 8 4+6 4+8 2*

Rv3790 - - + - - - + - + + + +

Rv3791 - - + - + - - - - + + +

Lanes:    A       B       C       D       E        F       G       H       I        J       K       L

DPR
DPA

Enzyme
source

DPA
DPR

Lanes:       ‐ 038     043     044     045S   045R

A.

B.

C.

DPA
DPR

Drug ‐ + ‐ +

BCG‐WT  BCG‐mut
AG LAM

EmbAB EmbC

Biochemical confirmation

BTZ 1,000-fold more
potent than EMB

K. Mikusova et al. Comenius U

- 045 043 038 EMB



33

How BTZ043 works

BTZ

Kremer et al. (2006) in Tuberculosis and the Tubercle Bacillus. ASM Press
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How BTZ043 works



Candidate drug status
• In vitro ADME/T properties all favorable.

• Passed acute & chronic toxicity in mice.

• Pharmacological & cardiology profile 

favorable in mice. 

• Additional toxicology & efficacy studies 

underway in other models.

• Then IND approval.....

Makarov, Bakh Institute; Cole, EPFL
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