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Outline of the talk

» Statins G
» The target: HMG-CoA reduct \/6 O\
» The problem: fungal inf @G \Q
» What is the ewdenc@ect?ﬁg
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trials: prospective/retrospective
lell story: statins and pneumococci

at is a relevant dose in cell-experiments?
» Prospects for the future
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The history of statins

= Aim: To find an inhibitor for human HW reductase
= Hypothesis: fungi make a substa lock sterol synthesis

as a protection against competin ng|
= Assay: HMG-CoA reduct @ \Q
= 6000 microbial strain sear
= Penicillum C|tr|n\@9rm|n
= 600 Ilters ure fl|@ 3 mg mevastatin

" Gﬂﬁ)rewcom pactum: compactin Akira Endo (1933-)

potent competitive inhibitor:
9 Substrate K_: 10-°M
- Inhibitor K_. : 10-°M
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4 H-bonds / H-bonds

A class Il specific inhibitor is possible to find
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Tabernero et al, JBC, 2003
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In vitro killing of Candida spp ‘,5 47 Institutet

No Drug ‘e

FLUC+FLUV OQ
4+4 ug/ml Q*

egcmn et al, AAC, 1997 Nash et al, J Med Microbiol 2002

Results are dependent on MIC method used. Lowest MIC-values 1-2 yg/mg
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Data from animal models (C. albicans)‘

97 0 pg/ml
E_
- 128 pg/ml
E 67
=
& °] 512 \V
o 47
L ? /ml
‘:h 24 ug/
t:r

Q@ 7o

\&“

20%
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sxrﬁ 50 mg/kg/day

SIS

20%

0%

@650 mg / kg => 3500 mg to a human (70 kg)

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

...

0 5 10 16 20
Days

Tashiro et al, Med Mycol, 2012
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Data from clinical trials Institutet

Outcomes (n=493) (n=526)
Primary outcome

Culture positive for Candida
species (n=139) 56 (40.3)
Secondary outcomes
l 2302

Patients with Charlson score 22

0.60(0.38-0.98)

Culture positive for Candida
species (n=105) 62 (59{1} 64 (0.42-0.97) .n 0.47(0.27-0.79)
Patients with Charlson sconds -, n=134
i - 13(38.2) 21 (61. 8} a5 0.88 (0.42-1.87) 22 207 (0.64-6.72)
* AOR = adju confidence interval; OR = (unadjusted) odds ratio
b Data are her (percentage) of patients, unless otherwise indicated. Statistically significant P values appear in boldface.
® The Hofmer- woodness-of-fit test (*-test statistic, 7.68; degrees of freedom, 8; P=.47)

Spanakis et al, Mayo Clin Proc, 2010

Welch et al, Med Mycol, 2010
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In vitro killing of Aspergillus spp .\()\(5~ )
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Qiao et al, Med Mycol, 2007
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Thompson et al, Mycoses, 2010
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A parallell story: statins and pnew{g\@coccal
Infection

= Evidence from large, retrospecti eﬁg\s that statin use was
associated with a better prog eérﬁoma

= Could statins have @@ effey&&bacterlal growth?

@60 + = True?

S. pneumoniae
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What is the role of publication biasxb\(b"m
WV

6 - " " Ly g‘cdo‘sraui:5
@ OR 0.52 (0.42-0.66) _
O Large studies show null effect

Small studies show good effect

Bjorkhem-Bergman et al, PLoS One, 2010
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Statins and pneumococci Institutet
A Dose-dependent B
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Bergman et al, PLoS One, 2011
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Bergman et al, PLoS One, 2011
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Bergman et al, PLoS One, 2011
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What is a relevant dose of statins | 2"
experiments claiming pleiotropic cts?

Is&asonable to study 100-1000-fold higher concentrations in vitro

versus concentrations present in humans?
Bjorkhem-Bergman et al, Br J Clin Pharm, 2011
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A note on solubility... \/\
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= What is the best solvent for in vitr ﬁy\‘!ies on statins?

> DMSO \ O\

> EtOH . ’(\®
- MetOH \ 2-T4 + DMSO 2,5%

- Other? O(\ 3-T4 + SIM 7,8 pg/ml

P

4-T4 + SIM 15,6 ug/mi

1 L] 1 I I
6 S NP, 0B 05,05 NP, DA
@ oF ¥R RPN NPt

Time (hours)

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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Staphylococcus aureus golden pigment impairs
neutrophil killing and promotes virulence
through its antioxidant activity

George Y. Liu,! Anthony Essex.? John T. Buchanan,! Vivekanand Datta,!
Hal M. Hoffman,"** John E Bastian,* Joshua Fierer,>* and Victor Niz

'Department of Pediatrics, *Department of Cellular and Molecular Medicine, and *Department of dﬁ e
University of California San Diego, La Jolla, CA 92003
4Dwpartmant of Pediatrics, Children's Hospital and Health Center, San Diego, CA 92123

A San Diego Healtheare Systern, San Diego, CA 32181 Q

Liu GY et al, JEM, 2005, Liu ClI et al, Science, 2008
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fictor Nizet,”*t Andrew H.-). Wang,*3t Eric Oldfield® &4
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Direct effect of statins against fur@&s but too high and

unphysiological concentration y ‘&

Synergy with antlfungal clear clinical
relevance, pOSSIb| D-parameters

Effects on fung nce @to ? Possible, but yet to be
shown

Effect@ t mm@’? Yes, but yet to be proven in clinical
tria

@ ospective clinical studies are few and mostly with null effect

Prospective trials are largely missing but are highly warranted

l\/lﬁ research
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