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"The goal is ... to find
chemical substances
that have special affinities for
pathogenic organisms and that,
like magic bullets,
go straight to their targets”
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Why active efflux ?
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Manneken Pis, who saved Brussels from fire
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Chemotherapeutic agents exert toxic effects
on specific target cells

enzymes

nucleic acids

ribosomes

How can these drugs
reach their target inside the cells ?
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Reaching an intracellular target ...

polar drug

Van Bambeke et al. (2000) Biochem. Pharmacol. 60:457-70
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Reaching an intracellular target ...

. amphipathic drug

most drugs are amphipathic by design,
to be able to cross membrane barriers !

Van Bambeke et al. (2000) Biochem. Pharmacol. 60:457-70
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Intracellular chemotherapeutic agents

But a diffusible compound

may have
potentially harmful effects !

Van Bambeke et al. (2000) Biochem. Pharmacol. 60:457-70

21/05/2010 INRA-Toulouse 7



Why efflux transporters ?

Extrusion by efflux pumps

O o0
O o0
O o0
O o0
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Van Bambeke et al. (2000) Biochem. Pharmacol. 60:457-70
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Why efflux transporters ?

Extrusion by efflux pumps

@

general mean of protection
against cell invasion by diffusible molecules

Van Bambeke et al. (2000) Biochem. Pharmacol. 60:457-70
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Typical ‘toxic’ diffusible substances as
substrates for efflux pumps

antibiotics

< anticancer agents
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Most antibiotics do act on intracellular targets

&
— sulfamides

—» XOOOOXK
©® 4— tetracyclines

macrolides / \ aminoglycosides
Efflux as a mechanism of resistance
by reducing antibiotic concentration inside the bacteria

guinolones —
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Active efflux In bacteria:
role In antibiotic resistance

Niagara Falls, Canada
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FQ efflux pumps in S. pneumoniae

Primary transporters
« ATP-Binding Cassette »

PatA/PatB

Marrer et al, AAC 2006; 50:685-93

Secondary transporters
(Proton motive force)

1

|WrES |

Prrmrpert 11 z‘e':’/,fg enz

PmrA

Gill et al, AAC 1999; 43:187-9

Terry et al., Nature Reviews Microbiology 2005; 3: 566-572
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Fluoroquinolone antibiotics

ciprofloxacin

moxifloxacin

HN
OCHj %
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Selection of resistance
by subMIC concentrations of FQ

ciprofloxacin

—=— CIP
--o-- CIP + reserpine

34 ATCC 49619 6
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D 0 T 0 o
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.3 %_".
3- 2§
basal | 21 f’;
efflux N\ T
c L) L} L] L L} 0
0 3 6 9 12
Time (days)
Loss of susceptibility; efflux selected by ciprofloxacin Avrain et al, JAC (2007) 60:965-972
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Selection of resistance
by subMIC concentrations of FQ

ciprofloxacin moxifloxacin
—a— CIP —a— CIP —e— MXF
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Loss of susceptibility; efflux selected by ciprofloxacin only avrain et al, 3ac (2007) 60:965-972
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Selection of resistance
by subMIC concentrations of FQ

Expression of genes
coding for efflux pumps
in the absence

of fluoroquinolones

Increased efflux due to
PatA/PatB

fold increase in mRNA level

pmrA

patA/patB

154

3

(ATCC 49619)
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g
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Avrain et al, JAC (2007) 60:965-972
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Bacteria in the presence of 2 MIC of FQ

175

PatA/B are inducible by fluoroquinolones

patA

150+

=

N

a1
[l

754

expression ratio (% value at 4 h)
o
<

-O-CIP
—8- MXF

ATCC49619

175

patB

150+

125+

-0 CIP
-~ MXF

El garch et al, ECCMID (2009) 0495
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4 h with ¥2 MIC; up to 5 h without FQ

expression ratio (% value at 4 h)

Kinetics of induction & reversibility

patA
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Overexpression may contribute to resistance during treatment !

El garch et al, ECCMID (2009) 0495
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Efflux In S. pneumoniae:
IS It Important in the clinics ?

MIC of fluoroquinolones in 107 strains collected from patients with AECB
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Efflux In S. pneumoniae:
IS It Important in the clinics ?

Suspected efflux based on phenotypic analysis
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Efflux and resistance in P. aeruginosa

[ { antibiotique |

%
/

pX
BJEM

A
:
— () < O CM
v
@: cytoplasmic membrane CMP: cytoplasmic membrane protein \
(membrane cytoplasmique) (protéine de la membrane cytoplasmique)
EM: external membrane MFP: membrane fusion protein
(membrane externe) (protéine de fusion [entre membranes])
P: porin OMP: outer membrane brotein
(porine) (protéine de membrane externe) /

Mesaros et al. (2005) Louvain médical. 124:308-20
28
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Efflux and low level of resistance In
Pseudomonas aeruginosa

MICs vs EUCAST breakpoints for 109 P. aeruginosa without or with efflux
mechanisms, isolated from ICU patients (VAP)
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Efflux selection during treatment

Prevalence of MexA and MexX overexpressers in 62 phylogentically-related
pairs of P. aeruginosa isolated from ICU patients (VAP)

XY eatmen /

DAY x (%)
DAY 0 (%)
9.68% 17.74%
B MexA-/MexX-
11.29% 38.71%
B MexA+/MexX-
MexX+/MexA-
19.90% 0 Mexs+/vie 20.97%
IV 70 3 MexA+/MexX+

22.58%

Riou et al, ECCMID 2010
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Efflux selection during treatment

Antipseudomonal antibiotics
received by the patients during

global influence

treatment of treatment
. . . 60-
Antibiotic 55
504
Piperacillin-tazobactam (TZP) | 26 & < jz
X 57
Amikacin (AMK) 22 o o 35- nb efflux
g O 304 systems
Meropenem (MEM) 20 = B 5 mEmo
; 3 g oo e
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D=
0=

DAY 0 DAY X

number of efflux systems
detected at day 0 and day X

Riou et al, ECCMID 2010
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Active efflux in eucaryotic cells:
role in antibiotic PK/PD

Old Faithful Geyser
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Target accessibility is critical
for intracellular activity

Se

'
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Active efflux reduces antibiotic
cellular concentration

N
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p¥
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v

©
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Consequences of antibiotic efflux
from eucaryotic cells

* alteration of pharmacokinetics

‘ » single cell: accumulation, localization

« whole organism: absorption, distribution, elimination

e alteration of pharmacodynamics

‘ - cellular level: activity against intracellular bacteria

* body level: drug concentration in the infected compartment

Van Bambeke et al, JAC (2003) 51:1067-1077
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Characterization of antibiotic
efflux pumps in macrophages

Belgian beer
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ATP-Binding Cassette transporters

ABCs
transporters

— T

ABCB ABCC

| |
\P-gp MRPs
Y

multidrug transporters
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Fluoroquinolone antibiotics

ciprofloxacin

moxifloxacin
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Kinetics of accumulation and efflux for ciprofloxacin

both accumulation and efflux markedly affected
By probenecid (inhibitors of Mrps)

15

accumulation efflux 100

c °

£ : 3
= 10- + probenecid ~76 &
= S
o —
© o
- ) -50 2]
K1) + probenecid [
= 54 )
3 0 0 3
© control -25 §

control
0 ] ] | ] ] ] ] ] ] 0
0 30 60 90 120 O 5 10 15 20 25 30
time (min)

extracell. conc. 17 mg/L; probenecid 5 mM

Michot et al. (2004) AAC 48:2673-82
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Ciprofloxacin, classical model
N

Kolaczkowski & Goffeau (1997) Pharmacol. Ther. 76:219-42
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Kinetics of accumulation and efflux for moxifloxacin

neither accumulation nor efflux affected

By probenecid

accumulation

efflux

0O L
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(o] | . ® 1
b= $gc 9 Q 0 ﬁ
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Michot et al. AAC (2005) 49:2429-37
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Quinolones as inhibitors of ciprofloxacin efflux

* ciprofloxacin efflux inhibited by ciprofloxacin

251
e ciprofloxacin .o...

< 00 ®
2 20- o ",
1]
E * o
E 15- o o
(&)
o
4Y]
& 10-
2 ® 0
O ° P
(5] 5_ o

O ) ) )

0.0 0.5 1.0 15 2.0

log quinolone extracellular concentration (mg/L)

Michot et al. AAC (2005) 49:2429-37
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Quinolones as inhibitors of ciprofloxacin efflux

* ciprofloxacin efflux inhibited by ciprofloxacin
 moxifloxacin not affected

25+ L
¢ ciprofloxacin moxifloxacin

20+ .

15+ -

cellular accumulation

O ) J L} ) J L}
0.0 0.5 1.0 1.5 2.0 0.0 05 1.0 1.5 2.0

log quinolone extracellular concentration (mg/L)

Michot et al. AAC (2005) 49:2429-37
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Quinolones as inhibitors of ciprofloxacin efflux

* ciprofloxacin efflux inhibited by ciprofloxacin

25+

20+

154

10+

cellular accumulation

Bc-ciproﬂoxacin

5-

unlabeled
ciprofloxacin

0
00 O

5

10 15 2.0
log quinolone

25 3.0

extracellular concentration (mg/L)

moxifloxacin

CNEG)
00
oo.‘ S ®

CIP o<e

%

Michot et al. AAC (2005) 49:2429-37
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Quinolones as inhibitors of ciprofloxacin efflux

» ciprofloxacin efflux inhibited by ciprofloxacin
moxifloxacin

Q
b

o0 8
”5. CIP e /
S on. unlabeled
cs 20 . .
G © ciprofloxacin
¥
25 15-
° 8
2 ©
25 10-
< 3 ‘unlabeled
@ 9 - moxifloxacin . -
moxifloxacin
) - also able
00 05 10 15 20 25 3.0 tointeract

log quinolone

extracellular concentration (mg/L) with the transporter '

Michot et al. AAC (2005) 49:2429-37
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Moxifloxacin, ‘futile-cycle’ model
N

Eytan et al. (1996) JBC 271:12897-902
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Influence of efflux pumps
on antibiotic activity
against intracellular

Infections

L TdvVounte |
"!f_;;'l}}l_t'l Chocolates

Belgian chocolate
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Active efflux reduces antibiotic
Intracellular activity

N

¢

0>@
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Models of intracellular infection

cytosol phagolysosomes

v . -
fa) " y " .
¥ - y A -
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Influence of pump inhibitors on intracellular activity

azithromycin and L. monocytogenes

L. monocytogenes

verapamil 20 uM; 24 h

Alog CFU(24 h -0 h)

2.0

—{— azithromycin
1.9+

—— azithromycin +verapamil

1.04

N
6y

0 2 4 6 8 10
azithromycin concentration (x MIC)

Seral et al. (2003) JAC 51:1167-73
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Influence of pump inhibitors on intracellular activity

azithromycin and S. aureus

20

—{- azithromycin
1.5+

| —— azithromycin +verapamil

Alog CFU (24 h -0 h)

AZM

- / A T S S S S

azithromycin concentration (x MIC)

verapamil 20 pM; 24 h Seral et al. (2003) JAC 51:1167-73
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Influence of pump inhibitors on intracellular activity

ciprofloxacin and L. monocytogenes

L. monocytogenes

gemfibrozil 250 uM; 24 h

A log CFU (24 h -0 h)

1 54 —O— ciprofloxacin

—e— ciprofloxacin + gemfibrozil

1.0+
0.5+

0.0-

L8
o o o
[ 2 ]

x

0 2 4 6 8 10
ciprofloxacin concentration (x MIC)

Seral et al. (2003) JAC 51:1167-73
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Influence of pump inhibitors on intracellular activity

ciprofloxacin and S. aureus

\_

CIP

154 —O— ciprofloxacin
—o—ciprofloxacin + gemfibroazil
=
=
\ -
<
o
o
TH
(&)
o
°
< -10-
-1 54
j 0 2 4 6 8 10

gemfibrozil 250 uM; 24 h

ciprofloxacin concentration (x MIC)

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

verapamil enhances azithromycin concentration
In cytosol and vacuoles

L. monocytogenes

I nuclear fraction 63.0
1 granular fraction

154 [ soluble fraction [

26.0

antibiotic content (pg/mg cell prot)
=
(1

iy

azithromycin azithromycin
+ verapamil

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

gemfibrozil enhances ciprofloxacin cytosolic content

mm huclear fraction 15.9
L. monocytogenes = granular fraction 0.5
] soluble fraction 2
%_':
=
o
S
-0.3 &
=
T
<
=
0.2 @
6.8 o
o
'E
01 &
L e N [
ciprofloxacin ciprefloxacin

+ gemfibrozil

Seral et al. (2003) JAC 51:1167-73
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Can we make eucaryotic cells

« resistant » to antibiotics ?

A way to further characterize
efflux transporters

" " ‘:‘::-‘ :- . i
b & |

J.M. Folon, La Hulpe, Belgium
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Over-expression of efflux pumps as
mechanism of resistance

How to get resistant cells ?

 step-wise increase
in AB concentration

 several passages
at each step

4

=

multifactorial multidrug resistance

Gottesman et al, Methods Enzymol. (1998) 292: 248-58
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ldentification of the ciprofloxacin transporter:
« resistant » cells as a tool

0.1 mM
N

\ 0.15 mM

Chronical exposure to increasing concentrations

\0.2 mM
/

Michot et al., Antimicrob. Ag. Chemother. (2006) 50:1689-1695
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Ciprofloxacin « resistant » cells:
phenotypic analysis

ATP-dependent reduction in cell accumulation of CIP; MXF non affected

control ATP-depleted
CwT CwT
S 10004 1000-
8 == T
S 2 750- 7501 —
® o
(&)
c O
S E
O 5, 5001 500-
S c
3
[ 250+ Ii‘ 250
(&)
O L} v O L} v
clp MXF CIP MXF

Michot et al., Antimicrob. Ag. Chemother. (2006) 50:1689-1695
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Ciprofloxacin « resistant » cells:
phenotypic analysis

ATP-dependent reduction in cell accumulation of CIP; MXF non affected

control ATP-depleted
CawT Cwt
g 10004 EEE RS 10004 EA RS
8 5 = T
=5 ) i ——
5 = 750 750
(&}
c O
S E
© =, 5001 500+
LIRSS
=)
Ko) 2504 I“ 250)-
° L |
O l_ v O v L}
CIP MXF CIP MXF

Michot et al., Antimicrob. Ag. Chemother. (2006) 50:1689-1695
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Ciprofloxacin « resistant » cells:
phenotypic analysis

7 efflux rate A 1C5, gemfibrozil
100- t (min)l S O wild-type
: = 10004 g :
g 80~ o WT 140 8 resistant
o) €9
O o m RS 0.16 g 5 7501
L S 2
£ 40- o £ 500-
n O)
- s = &
X 204 2 2504 L]
T} |
0- o
T T T T T T 0 i — T T
0 2 4 6 8 10 0 10 100 1000
Time (min) log gemfibrozil concentration

(LM)

Marquez et al., Antimicrob. Ag. Chemother. (2009) 53:2410-6
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Ciprofloxacin « resistant » cells:
genotypic analysis

ARNmM levels (Real-Time PCR)

21 expression Mrp2 and Mrp4, but Mrp4 predominates

100

z0{ CIWT CawT 90
Bl RS B RS
5. 80
70
20- L 60
5. [ 50
40
10- 30
2
.. 0
10
o1 i = l'i = I | | | .I'L_. P I

Mrp1 Mrp2 Mrp3 Mrp4 Mrp5 Mrp6 Mrp7 Mrp1 Mr'p2 Mrp3 Mrp4 Mrp5 Mr'pB Mr'p7

fold increase
(%) uonnqrysip suab

Marquez et al., Antimicrob. Ag. Chemother. (2009) 53:2410-6
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Ciprofloxacin « resistant » cells:
proteomic analysis

detection of the proteins by

Western-Blot of membrane fraction Confocal microscopy

Mrp2

Mrp4 Mrp2 merged
WT RS D - g

- WT...
Mrp4

WT RS
Mg 5 15 30 5 15 30

.— Marquez et al., Antimicrob. Ag. Chemother. (2009) 53:2410-6
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Ciprofloxacin « resistant » cells :

which transporter ?

Specific extinction of gene expression by siRNA

- CT 10 25 10 25 - CT 5 10 25 10 25
vrp2 | % o o vrps R e S N S
150 500
c = c o~
2 8 125 S S 40
8 c c =
E 9 T S 0
o 1004 £ 0
82 T L 3 2 3007 T
(1] = J—
€8 75 : o
3 c c € 2004
x < S«
oZ 504 o=
e = Y
E n E 'a 100.
822 55 L2
0>~ o
0 T T T 0- L} |
OnM 10nM 25nM 10nM 25nM O0nM 5nM 10 nM 25 nM 10 nM 25 nM
siRNA siRNA SiRNA SiRNA
161716 71770 284556 284555
Marquez et al., Antimicrob. Ag. Chemother. (2009) 53:2410-6
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Acquisition of resistance Is
a stepwise process

Accumulation and Mrp4 expression during selection of resistance

WT CD1 CD15 CD2

Halwell

Mrpd e ---"

éiglun W a— — -—

100+

=15

[o)e]
o
1

o))
o
1

=10
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N
o
I

(% wild-type cells)
onel YyNHW #2049y o
Abcc4 mRNA ratio

204

o o)
C L) L) L) L) ] O
0 50 100 150 200 100 80 60 40

ciprofloxacin concentration (UM) ciprofloxacin residual accumulation
to which cells are resistant (% wild-type cells)

cifroflox

20
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Can we select for moxifloxacin « resistant » cells ?

FQ accumulation and gemfibrozil effect

ciprofloxacin moxXxifloxacin
c
0
S 1000- -
©
= o T T WT
:,C',' 2 750- |
Q.
Q
c O
8% 500+ -
5 £
S 250- -
@ ‘
© 0 J
CT + GEM CT + GEM

Vallet et al., FEBS-ABC meeting. (2010)
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Can we select for moxifloxacin « resistant » cells ?

FQ accumulation and gemfibrozil effect

ciprofloxacin moxifloxacin

1000+ t

B vixF-Rs

250+

cellular concentration
(ng/mg prot)

CT + GEM + GEM

Vallet et al., FEBS-ABC meeting. (2010)
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Can we select for moxifloxacin « resistant » cells ?

Ciprofloxacin efflux

120
O WT O WT+ GEM

100- B MXF-RS J m MXF-RS

0
<

% of initial value
i Y N
? (=)

ra

0 T I~ET-I-I' T o T ﬁ T T T T g T I?I
0 5 1 15 20 25 30 0 5 10 15 20 25 30

time (min)

T,, WT >T,, WI+GEM =T,, MXF-RS

Vallet et al., FEBS-ABC meeting. (2010)
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Moxifloxacin-exposed cells are « anti » resistant!

Mrp4 expression

Western-Blot

MXF- RS CIP—RS

III .
Actin DSy

20ug  40pg 60pg  20ug  40pg  60pg  10pg

ARNmM (Real Time PCR)

108

105

107-

106-

Mrp4 mRNA copies/ml

WT MXF-RS CIP-RS

Vallet et al., FEBS-ABC meeting. (2010)
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Fluoroquinolone transport: model

ciprofloxacin

WT CIP-RS MXF-RS
| - T
out in out in out in
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Fluoroquinolone transport: model

moxifloxacin
WT CIP-RS MXF-RS

—
_

out in out in out in
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Efflux pumps ... and what next ?

How to get resistant cells ?

 step-wise increase

in AB concentration
 several passages
o at each step

py ]

N7| time and drug
73, consumming!

multifactorial multidrug resistance

Gottesman et al, Methods Enzymol. (1998) 292: 248-58
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Stable Isotope Labeling Aminoacid in Culture

WT CIP-macrophages

=

13C4-Lys 12C4-Lys
13C4-Arg 12C4-Arg

N\

sample mixing 1:1

|

protein digestion

|

identification in mass spectrometry T?
and determination of the relative abundance
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Stable Isotope Labeling Aminoacid in Culture

WT CIP-macrophages

s ==

13C4-Lys 12C -Lys
13C4-Arg 12C.-Arg
v }

Discontinuous
Sucrose gradient

' }

Enriched plasma
membrane fraction

ﬁ (—\
sede T
homogenate

ultracentrifugation
F1
1.10 > 110
F2
1.13 13
~—— F3
1.15 1.15
F4
1.17 1.17
1.19 119
190 - -
w » 4« 4dMRPL
40 -

S s < Prohibitin
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Stable Isotope Labeling Aminoacid in Culture

WT CIP-macrophages

=

13C4-Lys 12C4-Lys
13C6_Arg 12C6_Arg
' '

Discontinuous
Sucrose gradient

' v
Enriched plasma
membrane fraction

v
Combine 1:1

.
SDS-PAGE/in-gel digestion
b

Protein ID & Quantification

F1 F2

w >

O O
I_HI_H’-‘-V_HI_HI—h

m [T

> |

1 m O O w

~==200
~~=150

=120

we =100
w - 85

- - 70
- - 60

- - 50

- - 40

w = 30
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SILAC: global data

= |dentification of 900 proteins with 3 uniques peptides
Among proteins detected in both fractions

& 15 7 expression in CIP-macrophages as compared to WT

& 13 N expression in CIP-macrophages as compared to WT
Among proteins detected in one of the two fractions

& 37/36 A expression in CIP-macrophages as compared to WT

& 29/34 N expression in CIP-macrophages as compared to WT

Marquez et al, FEBS 2009
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Proteins with modified expression
In CIP-resistant cells

® Plasma membrane

B Unknown membrane protein
» ER/Golgi

® Endosome/Lysosome

B Cytoskeleton

» Ribosome

" Extracellular

= Nucleus
m Cell adhesion and localization

© Mitochondrion
© Cytosol

= Unknown

B Immune response

m Transport

® Signal transduction

M Cytoskeleton organization
¥ Protein metabolism

" Carbohydrate metabolism
¥ Lipid metabolism

~ Nucleid acid metabolism
W Other

= Unknown
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Proteins with modified expression
In CIP-resistant cells

CIP-R
2519 S0ug 25Hg S0 Hg

*
Dnajc3 »

On the same chromosome

Transports " 130 - AT
nucleosides/tides TIr7 » :* o 4l
(substrates for Mrp4!)

as mrp4!
kDa
WT CIP-R
25 ug 50 pg 25ug 90 g

21/05/2010

INRA-Toulouse

78



Gene amplification in CIP-resistant cells

WTceIs‘

Cells ol
resistant
to 0.1 mM

Cells
resistant
to 0.15 mM
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Gene amplification in CIP-resistant cells

mFISH analysis of CIP-R cells

Heterogeneity of cell population !

chromosome 5 chromosome 13 chromosome 16
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Gene amplification in CIP-resistant cells

FISH analysis of CIP-R cells

Mrp4 and Dnaj3 co-amplified in CIP-resistant cells

WT CIP-R
25yg 90pg 25ug S0 g

onacs » [
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and in moxifloxacin-exposed cells ?

TagMan Low Density Array of ABC transporters

gene Cell line gene Cell line
ciprofloxacin- | moxifloxacin- ciprofloxacin- | moxifloxacin-
resistant resistant resistant resistant
Abca1 -1.53°2 -3.51 Abcc1 1.08 -1.26
Abca2 -1.13 -1.12 Abcc2* (1.44) (-1.26)
Abca3 1.10 -1.56 (9.25) (5.09)
Abcad nd nd Abce3 -1.15 1.09
Abca5 -1.85 231 Abcc4 14.59 -1.82
Abcab nd nd Abcch -1.26 1.29
Abca7 -1.36 -1.20 Abccb nd nd
Abca8a nd nd Abcc7 nd nd
Abca8b (1.39) 76.20 Abcc8 (1.22) (7.74)
Abca9 (-17.45) (-10.48) Abcc9 nd nd
Abcal13 1.66 2.02 Abcc10 1.01 -1.40
Abca14 nd nd Abcc12 nd nd
Abcalb nd _ad__ Abcd1 1.35 2.22
Abcb1a* (-1.38) ( 7635 ) Abcd2 1.10 1.79
(-1.89) N\384.42/ Abcd3 -1.04 -1.51
Abcb1b 1.03 1.72 Abcd4 -1.43 -2.03
Abcb2 1.10 4.30 Abce1 -1.04 1.00
Abcb3 135 317 Abcf2 -1.01 1.21
Abcb4 1.01 2.48 Abcf3 -1.08 1.11
Abcb6 -1.12 -1.22 Abcg1* -1.93 -
Abcb8 1.00 1.25 Abcg2 (1.12) /108.41°\
Abcb9 6.08 9.83 (1.17) \99.47 /
Abcb10 1.40 1.43 Abcg3 nd g
Abcb11 (1.15) (1.19) Abcg4 (1.62) (-1.07)
Abcgb nd nd
Abcg8 nd nd
Vallet et al., FEBS-ABC meeting. (2010)
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and in moxifloxacin-exposed cells ?

P-gp and Bcrp are functional

WT MXF-R
40 10 20 40 ug/well 50 25 50 100 ug/well

- e g e I
B rronbicn e e ———

MV XF-R cells

Rhodamine 123 Bodipy prasozin

400+ ki
b

300 b 150
. B B
200{ = '

100§ 55 ---- i{ b5 4100

50+ - 50

Substrate accumulation
(% of control in wild-type cells

CT  +VER CT  +FTC

Vallet et al., FEBS-ABC meeting. (2010)
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and in moxifloxacin-exposed cells ?

P-gp and Bcrp are functional
but do not play a major role in FQ accumulation

WT MXF-R
40 10 20 40 ug/well 50 25 50 100 ug/well

e EB RS P g “ Becrp1
o I S Pronibiin

ciprofloxacin moxifloxacin
15009 | E3WT cells - 1500
R VXF-R cells A,
c X% =
1250+ — a A
o A 1250
= eC A
£°5 1000- = Al
2 _ N = f b b b [[1000
o —_— B B
C O . lecercerlcccaccaaa. - -
S g 750K L 750
o< d
=)
© £
S 5004 4 c - 500
O
o
250+ L 250
04 : Lo
A O & O A N\ Q- O
© &S ¥ ¥ &
X X
RS
£ &
X X

Vallet et al., FEBS-ABC meeting. (2010)
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Increased efflux ....
Consequences for activity
against intracellular bacteria
and
Cooperation between procaryotic and
eucaryotic transporters

Une larme...
Un soupgon...
L ;{f‘l’ )

Les aventures de Tintin, Hergé, Belgium
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Increased efflux in ciprofloxacin-resistant cells :
consequence for antibiotic activity

Ciprofloxacin and Listeria

Wild-type cells and bacteria

Va
o /
S
4- a . . 400
o
© 34 | = . O 5h
m “ﬂ-#d E
£ o [ 5 = 300
= e t 0 b b
= 1= %é;:v: . S E' Al ——
E 0 Wen - wonm U Q
= S ] B R g g’ 200 \
5 -1 a-"?’;xo«“f" éfv-"i" 636«" o= %::“ﬁ“ ox:‘g“f“:xo« Q —
200, ue —— .2, m | - m
8’ -2+ b e :;' b e & £
— _I_ ] 99}0 : 1 0 0- a \
< -31 Cc c —
) 3 N
W \
| | L | ] ] T L] ]
control CIP ClP CIP CIP C+R C+P C
+ res. + prob. + res. +R+P
+ probh.

Lismond et al., Antimicrob. Ag. Chemother. (2008) 52:3040-46
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Increased efflux in bacteria

MIC of Listeria strains and effect of reserpine

MIC (mg/L)
EGD CLIP
quinolone
Res. (-) Res. (+) | Res. (") Res. (+)
CIP 1.2 1.0 5.0 1.0
MXF 0.6 0.6 0.5 0.25

Lismond et al., Antimicrob. Ag. Chemother. (2008) 52:3040-46
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Increased efflux in ciprofloxacin-resistant cells :
consequence for antibiotic activity

Ciprofloxacin and Listeria

cells and overproducing
efflux pumps for ciprofloxacin

/4
o \\ /
b el
a @ _ 400 ==
4- T e ~ \
2 3- ™A '-g
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= 21 ¢ E "6
5 g s
..; 0 : . g g‘ 200
("'5 -1 o d © B
=
o -2 ¢ e sE
o = 100-
< ¥ ]
-4 Q
0-
control CIP CIP CIP CIP
+ res. + prob. + res.
+ prob.

Lismond et al., Antimicrob. Ag. Chemother. (2008) 52:3040-46
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Increased efflux in ciprofloxacin-resistant cells :
consequence for antibiotic activity

bacteria overproducing
efflux pumps for ciprofloxacin

Ciprofloxacin and Listeria

bacteria and cells overproducing
efflux pumps for ciprofloxacin
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X ) i T
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-4 -4
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+ prob. + prob.
Lismond et al., Antimicrob. Ag. Chemother. (2008) 52:3040-46
21/05/2010 INRA-Toulouse 89



Increased efflux in ciprofloxacin-resistant cells :
consequence for antibiotic activity

Moxifloxacin and Listeria

cells and bacteria overproducing

Wild-type cells and bacteria efflux pumps for ciprofloxacin
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Lismond et al., Antimicrob. Ag. Chemother. (2008) 52:3040-46
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Conclusions

Toulouse: fontaines
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Food for thought ...

- In procaryotic cells, active efflux truly contributes to resistance

- need of appropriate diagnostic tools
—> selection of antibiotics that are poor substrates

* in eucaryotic cells, active efflux can modify
« pharmacokinetics (cellular accumulation; barrier effects)
« pharmacodynamics (intracellular activity)

—> selection of antibiotics that are poor substrates —m

—> combinations with efflux pumps inhibitors ?

« expression of efflux pumps can be modified by exposure to drugs

—> reduced susceptibility during treatment
—> cell metabolism modifications
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Let’'s dream to the next pump
we will discover ...

Toulouse: premiére pompe a gaz naturel pour véhicules
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