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Cells: we used wild-type J774 murine

 

macrophages (WT), and CIP-

 

and MXF-resistant cells obtained by long-term 
exposure to CIP (0.1 mM

 

to 0.2 mM) [3] or MXF (0.1 mM

 

to 0.18 mM) respectively.
Fluoroquinolone accumulation & efflux: cells were incubated for 2h at 37°C with 20 µg/ml of CIP or MXF, in the 
absence or presence of a MRP inhibitor, gemfibrozil (500 µM), then collected to measure the cell drug content by 
fluorimetry. For each sample, cell drug content was expressed by reference to its total protein content [1-3]. For 
CIP efflux, cells were incubated for 2

 

h at 37°C with 20 µg/ml of CIP, alone for WT and MXF-resistant cells, and 
with 200 µM gemfibrozil for CIP-resistant cells, transferred to CIP-free medium, reincubated

 

for up to 30 min at 
37°C and collected at various time points. Results are expressed as

 

the percentage of the CIP cell content 
measured before transfer to CIP-free medium.
Real time PCR: ABC transporters mRNA expression was quantified by TaqMan

 

Low Density Array on a 7900HT 
Fast Real-Time PCR System (Applied Biosystems). Samples have been tested in duplicate from two biological 
samples. Ten housekeeping genes have been tested and the two more stable (Gapdh

 

and Gusb, as determined 
with GeNorm

 

and NormFinder), were used to normalise gene expression as compared to WT cells.
Western Blot: Abcc2 and Abcc4 proteins were detected in whole cell extracts from WT, CIP-

 

and MXF-resistant 
macrophages, respectively with M2

 

III-5 and M4

 

I-10 monoclonal antibodies. Anti-actin

 

polyclonal antibody was used 
as a control. DnajC3 and Tlr7 were detected in membrane samples from WT and CIP-resistant macrophages with 
antiserum to mouse DnajC3 [4] and a polyclonal antibody to Tlr7 (IMG-581A); polyclonal antibody against

 

 
prohibitin

 

(H-80) was used as a control. 
SILAC-based GeLC-MS/MS-proteomic analysis: WT and CIP-resistant cells were grown respectively in media 
with 13C6

 

-Lys and 13C6

 

-Arg or 12C6

 

-Lys and 12C6

 

-Arg. Cells homogenates (Dounce

 

B homogenizer, 25 strokes) 
were separated on a discontinous

 

sucrose gradient (sucrose solutions with densities: 1.10, 1.13,

 

1.15, 1.17 and 
1.19) and ultracentrifuged. The resulted visible bands at interphases

 

1 or 2 from WT and CIP-resistant cells were 
collected, pooled at a 1:1 ratio and separated by SDS-PAGE. In-Gel tryptic

 

digests were submitted to LC-MS/MS 
analysis. Peptides were identified with the SEQUEST algorithm, and proteins were validated and quantified with 
tools from the Trans-Proteomic-Pipeline (TPP).
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Active efflux is a well known mechanism of resistance to chemotherapy. 
Overexpression

 

of multidrug transporters

 

can indeed be selected through 
exposure to sublethal

 

concentrations of drugs substrates. 
We have shown that the fluoroquinolone ciprofloxacin (CIP) is substrate for 
Abcc4 (a multidrug ABC transporter, belonging to the MRP subfamily) in 
J774 macrophages [1] while a closely-related but more lipophilic

 

molecule, 
moxifloxacin

 

(MXF), is not affected [2].
Our aim was to compare the changes in phenotype, gene expression

 

and 
membrane proteome induced in J774 macrophages by exposure to a drug 
efflux pump substrate (CIP) or to a non-substrate (MXF). For this purpose, 
J774 cells were exposed to increasing concentrations of either CIP or MXF. 
We studied the resulting cells lines in comparison with wild-type (WT) cells.
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Fluoroquinolone accumulation and efflux

Cell

 

type
CIP efflux T1/2

 

(min)

control + gemfibrozil

WT 1.25 –

 

1.75 4.49
CIP-resistant 0.09 4.35

MXF-resistant 3.41 nd

Statistical

 

analysis

 

(one-way

 

ANOVA, Tukey

 

post-hoc test): different

 

letters

 

indicate

 

significantly

 

different

 

values with

 

p<0.05

WT

 

CIP-resistant

 

MXF-resistant

Abcc4

Actin

µg/well 20                     5         10                    20  40 

Multidrug

 

transporters

 

expression: 
Abcc2 and Abcc4

Changes in CIP accumulation and efflux rate are due to variations in  
Abcc4 expression between cell lines.

MXF accumulation is not affected by Abcc4 expression level.
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Effects

 

of ciprofloxacin

 

exposure

 

on membrane proteome

Expression of the CIP transporter Abcc4 is differentially affected upon
fluoroquinolone long-term exposure: 
-

 

exposure

 

to

 

CIP

 

leads

 

to its

 

overexpression, which

 

is

 

responsible

 

for a 
lower

 

accumulation and faster

 

efflux of CIP than

 

in WT cells;
-

 

exposure

 

to

 

MXF

 

leads

 

to a reduction

 

of the Abcc4 protein

 

expression 
that

 

accounts

 

for a higher

 

accumulation and a slower

 

efflux of CIP (the 
rather

 

small

 

reduction

 

at

 

the mRNA

 

level

 

suggests

 

that

 

post-transcriptional

 

mechanisms

 

might

 

be

 

involved). 
On the contrary, Abcc2 expression is equally affected by both
fluoroquinolones (increase of expression), suggesting independant
regulatory mechanisms for both efflux pumps.
Moreover, CIP exposure induces changes in expression of membrane 
proteins, involved in different pathways, which might account for an 
adaptative response to the antibiotic pressure.

Long-term exposure to fluoroquinolones modulates proteins
expression, among which Abcc4, the CIP transporter, plays a major 
role in phenotype, but other (membrane) proteins might be involved
in resistance.
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Among 735 identified proteins, 25 proteins showed a higher expression and 26 
proteins, a lower expression in CIP-resistant macrophages as compared to WT 
cells ( ~ 7% of proteins with a change in expression).

10 most

 

over-expressed

 

proteins

 

in CIP-resistant

 

cells

 

versus WT cells

10 most

 

lower

 

expressed

 

proteins

 

in CIP-resistant

 

cells

 

versus WT cells

Cell

 

type
mRNA

 

expression ratio*
Abcc2 Abcc4

WT 1 1
CIP-resistant 9.25 14.59

MXF-resistant 5.09 -1.82

Effects

 

of fluoroquinolone exposure

 

on cell

 

phenotype

 

and 
multidrug

 

transporters

 

expression

Repartition

 

of differentially

 

expressed

 

proteins

 

according

 

to their

 

biological

 

function

 

in CIP-resistant

 

versus WT cells.

metabolism process

regulation of cellular process

cell adhesion

cellular response to stress

antigen processing

transmembrane transport

intracellular protein transport

cytoskeleton organization

other

unknown

Changes in proteins expression 
detected with the SILAC GeLC-MS/MS 
experiment were validated by WB 
(Abcc4, DnajC3, Tlr7).

CIP-resistant cells show complex
modifications of their membrane 
proteome, with proteins involved in 
metabolism and regulatory pathways
being the most affected.

WT

 

CIP-resistant

 

MXF-resistant

Abcc2

Actin

µg/well 50                     50                       50 
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WT

 

CIP-resistant
µg/well

DnajC3

25       50        10      25       50

Prohibitin

* as determined

 

by real-time PCR.

Western-blot from

 

whole

 

cell

 

lysates

WT         CIP-resistant
µg/well 25       50              25       50

Tlr7

Western-blot from

 

membrane proteins
Gene 
name 

Accession 
n° Name Log2(Ratio) 

Abcc4 Q3TZN9 ATP-binding cassette, sub-family C (CFTR/MRP), member 4 5,6526 
DnajC3 Q91YW3 DnaJ (Hsp40) homolog, subfamily C, member 3 3,8331 
H2-D1 P01899 H-2 class I histocompatibility antigen, D-B alpha chain (H-2Db) 2,3238 
Nrcam Q810U4 neuron-glia-CAM-related cell adhesion molecule 2,2837 
Slc2a6 A2AR26 solute carrier family 2 (facilitated glucose transporter), member 6 2,0953 
Iap P03975 IgE-binding protein 1,9874 
H2-D1 P01900 H-2 class I histocompatibility antigen, D-D alpha chain (H-2Dd) 1,8025 
Itga9 Q3UT74 Integrin alpha 9 1,6662 
H2-K1 P01901 H-2 class I histocompatibility antigen, K-B alpha chain (H-2Kb) 1,5051 
Csf2rb P26955 Colony stimulating factor 2 receptor, beta, low-affinity 1,4822 
Nrp1 P97333 Neuropilin 1 1,3830 

Gene 
name 

Accession 
n° Name Log2(Ratio) 

Tlr7 P58681 toll-like receptor 7 -3,8917 
DnajC13 Q3TNE7 DnaJ (Hsp40) homolog, subfamily C, member 13 -2,5450 
Itgal P24063 integrin alpha L -2,3692 
Atp6v1b2 P62814 ATPase, H+ transporting, lysosomal V1 subunit B2 -2,0039 
Vim P20152 vimentin -1,9352 
Atp6v1a P50516 ATPase, H+ transporting, lysosomal V1 subunit A -1,9189 
Atp6v1e1 P50518 ATPase, H+ transporting, lysosomal V1 subunit E1 -1,9127 
Mpeg1 A1L314 macrophage expressed gene 1 -1,7664 
Fer1l3 Q69ZN7 myoferlin -1,7581 
Atp6v1d P57746 ATPase, H+ transporting, lysosomal V1 subunit D -1,4864 

control

CIP MXF
0

200

400

600

800

1000

WT cells

MXF-resistant cells
CIP-resistant cells

ce
llu

la
r c

on
ce

nt
ra

tio
n

(n
g/

m
g 

pr
ot

)

+ gemfibrozil

CIP MXF
0

200

400

600

800

1000

a

b

c

d

d
b,d b

b

d
d d

d


	Slide Number 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [4818.897 2551.181]
>> setpagedevice


