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Outline of the talk 

► Statins 
► The target: HMG-CoA reductase 
► The problem: fungal infections 
► What is the evidence for effect? 
 In vitro 
 In vivo – animal models 
 Clinical trials: prospective/retrospective 
► A parallell story: statins and pneumococci 
► What is a relevant dose in cell-experiments? 
► Prospects for the future 
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 Aim: To find an inhibitor for human HMG-CoA reductase 
 Hypothesis: fungi make a substance that block sterol synthesis 

as a protection against competing fungi. 
 Assay: HMG-CoA reductase 
 6000 microbial strains were searched 
 Penicillum citrinum: citrinin 
 600 liters of culture filtrate => 23 mg mevastatin 

 
 Penicillum brevicompactum: compactin 
 Very potent competitive inhibitor:  

 Substrate Km: 10-5M 
 Inhibitor Km : 10-9M 

The history of statins 
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Akira Endo (1933-) 
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Biochemical properties of statins 
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The target: HMG-CoA reductase  
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Human 

Fungi 

Bacteria 

Class I 

Class II ESCMID Online Lectu
re Library 
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Different binding in class I and class II 
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Class II: P. mevalonii Class I: Human 

4 H-bonds 7 H-bonds 

A class II specific inhibitor is possible to find 

Tabernero et al, JBC, 2003 

ESCMID Online Lectu
re Library 

© by a
uthor 



Ergosterol biosynthetic pathway 
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In vitro killing of Candida spp 
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Chin et al, AAC, 1997 Nash et al, J Med Microbiol 2002 

Results are dependent on MIC method used. Lowest MIC-values 1-2 µg/mg 

FLUC+FLUV 
4+4 µg/ml 

ITRA+FLUV 
1+4 µg/ml 

No Drug 
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Data from animal models (C. albicans) 
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Pravastatin, 50 mg/kg/day 

128 µg/ml 

256 µg/ml 

512 µg/ml 

1024 µg/ml 

0 µg/ml 

Statins do not lower cholesterol in rodents (500 mg/kg is not enough) 

50 mg / kg => 3500 mg to a human (70 kg) 
Tashiro et al, Med Mycol, 2012 
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Data from clinical trials 
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Magulick et al, Am J Med Sci, 2013 

Spanakis et al, Mayo Clin Proc, 2010 

1. 

2. 

3. 
Welch et al, Med Mycol, 2010 
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In vitro killing of Aspergillus spp 
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Qiao et al, Med Mycol, 2007 
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Clinical data for invasive mould infections 
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Prospective RCTs on statins and fungal 
infections – a comprehensive summary… 
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A parallell story: statins and pneumococcal 
infection 
 Evidence from large, retrospective trials that statin use was 

associated with a better prognosis in pneumonia 
 

 Could statins have a direct effect on bacterial growth? 
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+ = True? 

S. pneumoniae 
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What is the role of publication bias? 
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OR 0.52 (0.42-0.66) 
Large studies show null effect 
Small studies show good effect 

Bjorkhem-Bergman et al, PLoS One, 2010 
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Statins and pneumococci 
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Dose-dependent Time-dependent 

Lactone form is active Only SIM (lipid-soluble) is active 
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Statins and whole blood killing assay 
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SIM 80 mg 
FLU 40 mg 
PCV 1 g 

Incubation in BacTec 

104 CFU S. pneumoniae 

Wait for growth 

Cmax= 
2 hours 
30 min 

Mix 

How to test the hypothesis in a more physiological system? 

Bergman et al, PLoS One, 2011 
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Results 
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Whole blood killing assay 

BactAlert 

Bergman et al, PLoS One, 2011 
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What is a relevant dose of statins in cell-
experiments claiming pleiotropic effects? 
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Bjorkhem-Bergman et al, Br J Clin Pharm, 2011 

Is it reasonable to study 100-1000-fold higher concentrations in vitro 
versus concentrations present in humans? 
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A note on solubility… 

 What is the best solvent for in vitro studies on statins? 
 DMSO 
 EtOH 
 MetOH 
 Other? 
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How do we control for effects of the solvent on the microbe? 
Bergman et al, PLoS One, 2011 
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Blocking staphyloxanthin impairs 
virulence in S. aureus 
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Liu GY et al, JEM, 2005, Liu CI et al, Science, 2008 
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Statins and fungal infections - Future research 

 Direct effect of statins against fungi? Yes, but too high and 
unphysiological concentrations 

 Synergy with antifungal drugs? Yes, but unclear clinical 
relevance, possible problems with PK/PD-parameters 

 Effects on fungal virulence factors? Possible, but yet to be 
shown 

 Effects on host immunity? Yes, but yet to be proven in clinical 
trials 
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Retrospective clinical studies are few and mostly with null effect 
 
Prospective trials are largely missing but are highly warranted 
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1. Statins and direct effects on pneumococci 
2. Meta-analysis on statins and pneumonia 
3. What is a relevant dose of statins in cell-experiments? 
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Thanks for your attention! 
 

Questions? 
 
 

peter.bergman@ki.se 
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