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Intracellular killing of bacteria
by host cell defence mechanisms
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Some bacteria can escape
host cell defence mechanisms ...
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Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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... that are difficult to treat !
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Dilemna to select the appropriate antibiotic ...
@ )
highest cellular accumulation ? h

best diffusibility ?
prolonged cellular retention ? m
no cell toxicity ?
lowest MIC ?
cooperation with oxydative burst ?
cooperation with cytokines ?

her ?
@ other )
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Let’s start by a global view of the situation ....
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Extracellular vs intracellular activity
against S.aureus at Cmax

THP-1; 24 h, ATCC25923, antibiotics at Cmax

Ribosome 50S miscellaneous quinolones glyco/lipo-peptides
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Barcia-Macay et al., AAC (2006) 50:841-51
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Extracellular vs intracellular activity
against S.aureus at Cmax

THP-1; 24 h, ATCC25923, antibiotics at Cmax

Ribosome 50S miscellaneous quinolones glyco/lipo-peptides
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Pharmacodynamic relationships:
time-effects against S.aureus at Cmax

Slower killing rate intracellularly

Alog CFU fromtime 0 h
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Pharmacodynamic relationships:
concentration-effects against S.aureus at 24 h

Concentration-dependent killing; lower Emax intracellularly

Alog CFU (24 h -0 h)

2.5 ¥ intra @ intra 2.5
extra
0.0F ~===ecdghygoccccccnca] hecccedphecccaccannanad - 0.0
2 54 v L.25
-5.04 oxacillin moxifloxacin o L 5.0
] ] ) L} L] \ ] L L} ¥ |} \l  J
Cmax Cmax
2.54 - " k2.5
| intra A intra
O extra A extra
D.0fewece-kreefecccccenece henccedpesadennccnnnes - 0.0
]
2.5+ .25
5.04gentamicin oritavancin L .5.0
L) L] ] | ] 1 L} | 1] ) L) L) | ]
2 1 0 1\2 3 2 4 0 1 2N 3
Cmax Cmax

log extracellular concentration (X MIC)

Barcia-Macay et al., AAC (2006) 50:841-51

25-10-2008

ICAAC-IDSA 2008

10



From extracellular to intracellular :

can we apply the same PK/PD concepts ?
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Intracellular vs extracellular activity of antibiotics :
PK — PD In action

cooperation with

metabolism  binding host defences

Influx \

physico-chemical
& _’€—> conditions
efflux accumulation
- and bacterial
bioavailability :
responsiveness

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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In vitro models for intracellular PK/PD studies
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Do you like pharmacokinetics ?
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Intracellular vs extracellular activity of antibiotics :

PK — PD In action
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Antibiotic accumulation and subcellular distribution

B-lactams; fast; ~ 1 x

fluoroquinolones : fast
CIP, LVX : 4-10 x
MXF, GAR, GMF : 10-20 x

f?

linezolid: ~ 1 x
Lincosamides: 1-4 x
Tetracyclines: 2-4 x
Rifampin : 2-10 x

aminoglycosides: slow ; 2-4 x

glycopeptides: slow
VAN ~ 8 X
TLV ~ 50 x
ORI ~ 150-300 x

macrolides: fast
ERY: 4-10 x
CLR, ROX, TEL: 10-50x
AZM: > 50 X

Van Bambeke et al., Curr Opin Drug Discov Devel. (2006) 9:218-30
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Can we simply predict intracellular activity
based on MIC and antibiotic accumulation?

MIC

(L. monocytogenes)

e 100

antibiotic
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Importance of optimizing time and concentration ...

intracellular
Alog CFU from time O

ampicillin against Listeria monocytogenes

2=

® 5h

-1 0 1

log extracellular concentration (x MIC)

adapted from Lemaire et al., JAC (2005) 55:897-904
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Intracellular vs extracellular activity of antibiotics :

PK — PD In action
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Importance of reaching intracellular bacteria ...

OR]| | -
—@— control
=i moxifloxacin (4 mg/L) \
L. monocytogenes | —#- oritavancin (25 mg/L) S. aureus NS
2 2

Alog CFU from time 0

time (h) time (h)

adapted from Carryn et al., AAC (2002) 46:2095-2103
Van Bambeke et al., AAC (2004) 48:2853-60
Barcia-Macay et al., AAC (2006) 50:841-51
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Intracellular vs extracellular activity of antibiotics :
PK — PD in action
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Influence of pump inhibitors on intracellular activity

Inhibition of P-gp by verapamil enhances
azithromycin activity against L. monocytogenes and S. aureus

L. monocytogenes

o
o

—{azithromycin

4}
1

(@)
L

o
T

—8— azithromycin +verapamil

Alog CFU (5h —-0h)
o
Q

LN S
o o o
[ [

0 2 4 6 8

azithromycin concentration (x M

verapamil 20 uM; 24 h

IC)

Alog CFU (24 h -0 h)

S. aureus

—{+ azithromycin

—— azithromycin +verapamil

azithromycin concentration (x MIC)

Seral et al., JAC (2003) 51:1167-73
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Influence of pump inhibitors on antibiotic distribution

Inh

ibition of P-gp by verapamil enhances

azithromycin concentration in cytosol and vacuoles
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Seral et al., JAC (2003) 51:1167-73
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Alog CFU (5 h —0 h)

Influence of pump inhibitors on intracellular activity

Inhibition of MRP by gemfibrozil enhances
ciprofloxacin activity against L. monocytogenes only
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Influence of pump inhibitors on antibiotic distribution

Inhibition of MRP by gemfibrozil enhances
ciprofloxacin concentration in the cytosol

L. monocytogenes
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Daptomycin, an unexepected substrate for P-gp

The cellular accumulation and intracellular activity of daptomycin are
Increased upon inhibition or under-expression of P-gp

P-gp expression

DAP accumulationl
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Lemaire et al., AAC (2007) 51:2748-57

25-10-2008

ICAAC-IDSA 2008

26



Wild-type cells and bacteria

Cooperation between efflux pumps
of bacteria and of macrophages

Ciprofloxacin and Listeria

cells and bacteria overproducing
efflux pumps for ciprofloxacin

Fa
o v
@
4- EGD '\
—

o 3 M o

@ )

E 2 £

- -

g

5 5

s 0 .. -

L

o M .E:_:E'. L(_'; 14

g b =

<« =31 < -3

-4- 44
control  CIP CIP cIP CIP control cIP cip cIP clp
+res.  +prob.  +*res. +res. +prob.  +res.
+ prob. + prob_
Lismond et al., AAC (2008) 52:3040-46

25-10-2008 ICAAC-IDSA 2008 27



Cooperation between efflux pumps
of bacteria and of macrophages

Moxifloxacin and Listeria

cells and bacteria overproducing

Wild-type cells and bacteria efflux pumps for ciprofloxacin
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Do you prefer pharmacodynamics ?
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Intracellular vs extracellular activity of antibiotics :
PK — PD In action

bacterial
responsiveness

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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Mg vancomycin /mg protein

VISA and DAP-resistant strains isolated
from a patient with endocarditis

Julian et al. AAC (2007) 51:3445-8.

Reduced susceptibility associated with

increased amount
of bound vancomycin
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Lemaire et al., CMI (2008) 14:766-77
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Intracellular activity against
VISA and DAP-resistant strains isolated
from a patient with endocarditis

(I:I HMC 546 = HMC 549 o ATCC 25923)
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intracellular
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Lemaire et al., CMI (2008) 14:766-77
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- Normal /

Phenotype

SCV isolated from a cystic fibrosis patient

Vergison et al. JAC (2007) 59:893-9

Thymidine dependent

Spontanous
revertants

\ 4

-
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Intracellular activity, SCV vs. normal phenotype

THP-1; 24 h, antibiotics at Cmax

A log CFU (24 h -0 h)
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Nguyen et al, RICAI 2007, poster 325
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Intracellular activity, SCV over time

THP-1; SCV, antibiotics at Cmax for up to 3 days

A log CFU from time TO
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Can we do better with combinations ?

THP-1; SCV, antibiotics at Cstatic for up to 24 h or at Cmax for up to 3 days

Cstatic Cmax
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Nguyen et al., ECCMID 2008, poster 1059
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Intracellular vs extracellular activity of antibiotics :
PK — PD In action

& ) a | physico-chemical

conditions

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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MRSA vs. MSSA: intracellular activity of B-lactams

MRSA are as susceptible as MSSA to B-lactams when intracellular !

meropenem cloxacillin

A log CFU (24h - Oh)

“Q@O-{)
Y Y 1

3 2 1 0 1 2 33 -2 14 0 1 2 3
log, extracellular concentration (mg/L)

Lemaire et al., AAC (2007) 51:1627-32
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MRSA vs. MSSA: extracellular activity of 3-lactams
MRSA are as susceptible as MSSA in broth at acidic pH

(--- pH74 — pH54 )

meropenem cloxacillin

1
4]

A log cfu (24h - Oh)

|Og1 Dextracellular concentration (mg/L)

Lemaire et al., AAC (2007) 51:1627-32
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MRSA vs. MSSA: extracellular activity of 3-lactams

Neutralization of lysosomes makes
Intracellular MRSA resistant to 3-lactams !

MRSA are inside

. trol
[acidic] vacuoles T 21 fnoe':or:enem
. : QI B cloxacillin
I
Q1
-
LL
5 il |
2T 7
o
¢ LB
-1 : >
0 10

ammonium chloride (mM)

Lemaire et al., AAC (2007) 51:1627-32
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PBP2a conformation is modified by acidic pH

FElFes «—(oxA PBP2a <«— OXA
10 10
-0~ control pH 7.0 -O- control pH 5.5
- + oxacillin - + oxacillin
0+ Lo

s
o
L

-20 --20

[©] x 107 (degree.cm®.dmol™)

304.. " L L h 30

210 220 230 240 250 210 220 230 240 250
wavelength (nm)

FIGURE 4. Circular dichroic spectra of PBP 2a at pH 7. 0 (left panel) and pH 5.5 (right panel) in the absence
(open symbols) and in the presence (closed symbols) of oxacillin (30 um) for 30 min at 25 °C. The thin
dotted lines in each graph represent minima of PBP 2a molar ellipticity at 222 nm (vertical arrow on the abscissa)
for each condition. The spectrum of oxacillin has been subtracted from all data points.

Lemaire et al., JBC (2008) 283:12769-76
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Intracellular vs extracellular activity of antibiotics :
PK — PD In action

cooperation with
host defences

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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Cooperation between fluoroguinolones and
INF-y against Listeria monocytogenes

IFN- vy prevents Listeria fluoroquinolones cooperate
escape from phagosome with oxydative burst
control IFN-gamma h|y(+) h|y(_)

N
T

-h

i

amp azi spa - amp azi spa

Z
g
2
?
Z
g
7
?
%

Intracellular activity

l control
+ IFN-y
[ ] +IFN-vy, LMMA , catalase

Ouadrhiri et al., AAC (1999) 43:1242-51
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Have you made your choice ?

(@

* high intracellular bioavailability

 capacity to rejoin the infected compartment

* not substrate for efflux pumps

» low MIC at both neutral and acidic pH

* highly bactericidal, including against slow growing bacteria
* no cell toxicity

» cooperation with cell defense mechanisms

&,
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Take home message




Our « Intracellular » team

"
J-

In collaboration with :

= Y. Glupczynski, clinigues universitaires de 'UCL a Mont-Godinne, Yvoir, Belgium
= A. Vergison, O. Denis, M. Struelens, Hopital Erasme, ULB, Brussels, Belgium

= P. Appelbaum, Hershey Medical Center, Hershey, PA, USA

= S. Mobashery, University of Notre-Dame, Notre-Dame, IN, USA

= P. Courvalin, Institut Pasteur, Paris, France
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