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Abstract
Multidrug resistance-associated proteins (MRPs, ATP binding cassette sub-family C), P-glycoprotein (P-gp) and ATP
binding cassette (ABC) sub-family G member 2 (ABCG2) are important drug efflux pumps emerging after long-term
medications. We intended to detect whether these molecules are expressed in immune-related cells of patients with systemic
lupus erythematosus (SLE) on long-term immunosuppressants.

Methods
Mono nuclear cells (MNC) and polymorphonuclear neutrophils (PMN) were isolated from healthy volunteers and SLE
patients. The MPR-mediated transport activity of these cells was measured by using carboxy-2’,7’-dichlorofluorescein
diacetate (CFDA) efflux assay. P-gp-mediated transport activity of cells was detected by rhodamine 123 efflux assay.
ABCG2-mediated transport assay was evaluated by mitoxantrone efflux assay. The intracellular expression of MRP,, MRP,,
and MRP; molecules in MNC was detected by flow cytometry. The results were compared between MNC and PMN derived
from normal and SLE groups.

Results
The specific dye-efflux function of MRPs in SLE-MNC is significantly higher than normal MNC. However, the expression of
MRP,, MRP,, and MRP; molecules in SLE-MNC was not different from normal MNC. We also noted that only the duration
of corticosteroid treatment in different clinical/laboratory parameters was significantly correlated with the increased
activity of MRPs in SLE-MNC.

Conclusions
These results suggest that increased activity of MRPs in SLE-MNC is elicited by long-term corticosteroid therapy.
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Introduction

Systemic lupus erythematosus (SLE) is
an archetype of systemic autoimmune
disorder characterized by the produc-
tion of diverse autoantibodies by auto-
reactive B and T cells. The main treat-
ment strategy is to suppress the autore-
activity by using glucocorticosteroids
and/or other immunosuppressants such
as hydoxychloroquine, cyclosporine A,
cyclophosphamide and azathioprine.
However, long-term use of immuno-
suppressants may lead to drug resist-
ance with gradual loss of drug efficacy
in these patients (1).

It is conceivable that the occurrence
of drug resistance is a crucial cause of
treatment failure in patients with can-
cer (2, 3) and infectious diseases (4, 5).
The molecular mechanisms underlying
multi-drug resistance (MDR) are re-
lated to the over-activity of drug efflux
pumps that belong to ATP binding cas-
sette (ABC) super-family. These mol-
ecules are capable of mediating cellular
extrusion of large variety of therapeutic
drugs and are referred as MDR pro-
teins. Three categories of MDR mol-
ecules including multi-drug resistance-
associated proteins (MRPs, belong to
ATP binding cassette sub-family C),
P-glycoprotein (P-gp), and ATP bind-
ing cassette sub-family G member 2
(ABCG?2) are the most important drug
transporters to induce MDR in cancer
cell lines (6). Over-expression of these
molecules leads to reduced intracel-
lular concentration of xenobiotics or
different drugs such as corticosteroids,
hydroxychloroquine, azathioprine and
cyclosporine (7). Thus, these MDR
molecules act as double-edged swords
in either protection from cytotoxicity or
development of resistance to offensive
chemicals. Many authors demonstrated
that over-expression of P-gp is related
to poor response to disease-modifying
anti-theumatic drugs (DMARDs) in
the treatment of patients with rheuma-
toid arthritis (RA) (8-12). However, the
role of other important drug efflux mol-
ecules such as MRPs and ABCG?2 in
drug resistance of SLE remains unclear.
In the present study, the expression and
function of MRP1-3, P-gp and ABCG2
molecules in mononuclear cells (MNC)
and polymorphonuclear neutrophils
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(PMN) were compared between healthy
volunteers and patients with SLE. We
found that increased activity, but not
the expression, of MRPs in SLE-MNC
is related to multi-drug resistance after
long-term use of corticosteroids.

Materials and methods

Patients and controls

Patients fulfilling the 1982 revised
American College of Rheumatology cri-
teria for the classification of SLE were
recruited. The same number of sex- and
age-matched healthy volunteers were
the controls. Patients currently (within
4 weeks) on verapamil, diltiazem, cy-
closporine and anti-arrhythmic medica-
tions (potential P-glycoprotein inhibi-
tors) were excluded from this study. All
of the participants signed the informed
consents approved by Local Internal
Review Board and Ethics Committee,
National Taiwan University Hospi-
tal, Taipei, Taiwan. The disease activ-
ity of the SLE patients was judged by
SLEDAI score. The complete blood
routine, serum levels of albumin, cre-
atinine, and complement C3 and C4,
and anti-dsDNA and medications were
recorded for correlation analysis. Be-
cause no gold-standard guideline to
define corticosteroid resistance is avail-
able, we used simple surrogate criteria
to define steroid hypo-responsiveness
instead of steroid resistance. In clinical
practice, we usually prescribed pred-
nisolone and hydroxylchloroquine as
the first line medications for SLE treat-
ment according to their disease activ-
ity. Once patients did not respond to
the first line therapy (prednisolone high
up to 1mg/kg/day+hydroxychloroquine
400mg/day), we then shifted the medi-
cations to more potent immunosup-
pressants such as cyclosphosphamide
or azathioprine. Accordingly, patients
with SLE receiving more potent immu-
nosuppressants other than prednisolone
and hydroxychloroquine were consid-
ered corticosteroid resistance.

Preparation of MNC and PMN from
peripheral blood of normal and SLE
patients

Heparinized venous blood obtained
from healthy volunteers or SLE patients
was mixed with one-fourth volume of
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2% dextran solution (molecular weight
464,000 Daltons) (Sigma-Aldrich
Chemical Company, St. Louis, MO,
USA) and incubated at room tempera-
ture for 30 min. Leukocyte-enriched
supernatant was collected and layered
over Ficoll-Hypaque density gradient
solution (specific gravity 1.077) (Phar-
macia Biotech, Uppsala, Sweden). After
centrifugation at 250g for 25 minutes,
MNC were aspirated from the inter-
face, whereas PMN were obtained from
the bottom. The residual RBC in PMN
suspension were lysed by incubation in
chilled 0.83% ammonium chloride so-
lution at 4°C for 10 min. The purity of
PMN reached 98% confirmed by flow
cytometry after stained with anti-CD16.
The MNC suspension contained 90%
lymphocytes, 5-8% monocytes and 2-
5% other cell populations confirmed by
Giemsa stain. The cell concentration of
MNC and PMN was adjusted to 1x10°
cells/ml suspended in 10% fetal bovine
serum (FBS) in RPMI-1640 (10%FBS-
RPMI). The viability of MNC and
PMN was greater than 95% confirmed
by trypan blue dye exclusion.

Measurement of MRP-mediated
transport activity by carboxy-2’,
7’-dichlorofluorescein diacetate
(CFDA) efflux assay

MRP-mediated transport activity was
measured by using CFDA (Sigma-
Aldrich) efflux assay as reported by
Laupéze et al. (15). CFDA, a non-polar
non-fluorescent compound, can freely
diffuse into cells and is cleaved by cy-
toplasmic esterase to become fluores-
cent CF, a substrate for MRP1, MRP2
and MRP3 extrusion. Briefly, 1x10°
cells/ml were first loaded with 2mM
CFDA for 30 min. To test the validity
of the dye-efflux assay, the cells were
loaded with 2mM of CFDA and 50uM
of MKS571 (a specific antagonist for
MRPs) (Alexis Biochemicals, Lausen,
Switzerland) or 2.5 mM probenecid (a
non-specific MRPs inhibitor; Sigma-
Aldrich) concomitantly for 30 min. We
confirmed that the dye-efflux by MRPs
was completely abolished by these in-
hibitors. Cells were then washed three
times with ice-cold PBS, pH7.2, and
were re-incubated in PBS containing
11 mM glucose at 37°C for 120 min.

The difference of CF-linked fluores-
cence retained in the cells before and
after re-incubation, reflects MRP-re-
lated transport activity. The percentage
and mean fluorescence intensity (MFI)
were analyzed by FACScalibur cytom-
etry (Becton-Dickinson, San Jose, CA,
USA) using Lysis II software.

Measurement of P-gp-mediated
transport activity by rhodamine 123
efflux assay

P-gp-mediated transport activity was
measured by rhodamine 123 efflux as-
say (16). Briefly, 1x10° cells/ml were
first loaded with 500 ng/ml rhodam-
ine 123 (Sigma-Aldrich) for 30 min at
37°C. After washing with ice-cold PBS,
cells were re-incubated in PBS contain-
ing 11 mM glucose at 37°C for 90 min-
utes followed by FACScalibur flow cy-
tometric analysis (Becton-Dickinson)
as mentioned above. To test the valid-
ity of rhodamine 123 dye-efflux assay,
a specific inhibitor of P-gp, verapamil
50uM (Sigma-Aldrich), was added to
the cell suspension concomitantly with
the dye for 30 min. We confirmed that
the dye-efflux by P-gp was completely
abolished in the presence of verapamil.

Measurement of ABCG2-mediated
transport activity by mitoxantrone
efflux assay

ABCG2-mediated transport activity
was measured by mitoxantrone efflux
assay (17). Briefly, 1x10° cells/ml were
first loaded with 3uM mitoxantrone
(Sigma-Aldrich) for 60 min at 37°C.
After washes with ice-cold PBS, cells
were re-incubated in PBS containing
11 mM glucose at 37°C for 90 min
followed by flow cytometric analysis
as mentioned above. To test the valid-
ity of mitoxantrone dye-efflux assay,
a specific inhibitor of ABCG2, 0.1uM
of fumitremorgin C (Alexis Biochemi-
cals), was added to the cell suspension
concomitantly with the dye for 30 min.
We confirmed that the dye-efflux by
ABCG2 was completely abolished in
the presence of fumitremorgin C.

Analysis of efflux data and generation
of D value

We used the method reported by Leith
et al. (18) and Kolmogorov-Smimov
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(KS) statistic test (19) to compare the
difference of florescence retained in
the cells before and after dye efflux
mediated by respective drug efflux
pumping protein. The method report-
ed by Beck et al. (20) was highly rec-
ommended by the first International
MDRI Methods Detection Workshop.
The KS statistic test measures the dif-
ference between two distribution func-
tions and generates a D value ranging
between 0 and 1. Higher D value in-
dicates greater difference between the
distribution functions. This method
allows accurate identification of small
change of fluorescence in cells before
and after efflux by MDR protein-me-
diated active transport. The D value is
used as a continuous variable for fur-
ther statistical analysis.

Detection of intracellular MRP1,
MRP2 and MRP3 expression in MNC
by flow cytometry

One hundred microliters of heparinized
venous blood was added to 2ml FASC
lysing solution (Becton-Dickinson) for
lysis of RBCs. The residual fixed and
permeabilized leukocytes were then in-
cubated with 0.1ug/ml of mouse mono-
clonal antibody against human MRP-1
(catalog number 18873), rabbit poly-
clonal antibody against human MRP-2
(catalog number 20766), or rabbit poly-
clonal antibody against human MRP-
3 (catalog number 20766) in ice-bath
(0°C) for one hour. These monoclonal
and polyclonal antibodies were pur-
chased from Santa Cruz Biotechnology,
(CA, USA.). After several washes with
PBS, pH7.2, the cells were incubated
with FITC-conjugated donkey anti-
mouse IgG or donkey anti-rabbit IgG in
1:2000X dilutions as secondary antibod-
ies for one hour in ice-bath. The cells
only stained with secondary antibod-
ies were the negative control (positive
rate <5%). The percentage of positively
stained MNC was detected by FACS-
can flow cytometry (Becton Dickinson)
after gating the MNC populations and
analyzed by Lysis II software.

Statistical analysis

The data were represented by mean +
SD in the whole study. Statistical signif-
icance was assessed by non-parametric



Wilcoxon rank-sum test for comparing
qualitative variables in the different
groups. Multiple linear regression test
was applied to test the correlation and
significance among different param-
eters. P<0.05 was considered statisti-
cally significant.

Results

Comparison of MRPs, P-gp, and
ABCG2-mediated transport activity

of MNC and PMN from patients with
SLE and normal individuals

CFDA, rhodamine 123 and mitoxantro-
ne are fluorescence substances able to
diffuse into viable cells. After entrance
into the cell, the fluoresecent dyes can
be actively extruded out of cells by
MRPs, P-gp, and ABCG2 drug-efflux
molecules, respectively. The D value
was applied for measuring the small
difference of MDR protein-mediated
dye-efflux. The representative CFDA
efflux assay in MNC and PMN from
one healthy volunteer and one SLE
patient is demonstrated in Figure 1.
The validity of CFDA dye-efflux was
verified by the addition of non-specific
CFDA inhibitor, probenecid (2.5mM)
that could completely abolish the D
value (data not shown). The D value of
CFDA transport is significantly elevat-
ed in SLE-MNC compared to normal-
MNC as shown in Figure 2A. How-
ever, the D values of rhodamine 123
and mitoxantrone in SLE-MNC are not
different from normal-MNC (Fig. 2A).
By contrast, there was no significant
difference in the drug-efflux activities
of the 3 molecules between normal and
SLE-PMN (Fig. 2B). To further con-
firm the results in Figure 2A, specific
MDR protein inhibitor was added to
the individual drug-efflux assay to test
the assay validity. The D values became
negligible in 3 assays in the presence of
specific antagonists (data not shown).
Based on this, we further recruited an-
other night normal and 9 patients with
active SLE for study. We found only
the D value of CFDA-efflux of SLE-
MNC remained significantly elevated
compared to normal-MNC (Fig. 2C).
Interestingly, the D value of P-gp in
both normal and SLE-MNC was re-
markably enhanced in this experiment
compared to Figure 2A.
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Fig. 1. A representative case demonstrating carboxy-2’,7’-dichlorofluorescein diacetate (CFDA) dye-
efflux activity of MNC and PMN in one healthy volunteer and one SLE patient detected by flow
cytometry. The difference of esterase-cleaved fluorescent CF retained in the cytoplasm before (black
area) and after (gray area) drug-efflux assay was denoted by D value. To test the validity of CFDA-
efflux assay, a non-specific MRPs inhibitor, probenecid (2.4mM), was concomitantly incubated with
cells loading with CFDA dye for 30 min. The inhibitor could completely abolish the dye-efflux by the
cells. (A) Normal MNC, (B) SLE-MNC, (C) Normal PMN, (D) SLE-PMN

Comparison of intracellular MRP1,
MRP2 and MRP3 expression in fixed
and permeabilized normal and
SLE-MNC by flow cytometry

Because CFDA dye-efflux was mainly
mediated by MRP1, MRP2 and MRP3,
we compared the intracellular expres-
sion of MRP1, MRP2 and MRP3 mol-
ecules in normal and SLE-MNC that
was fixed and permeabilized by FACS
lying buffer detected by flow cytom-
etry. As shown in Figure 3, there is no
significant difference in the percent-
age expression of MRP1, MRP2 and
MRP3 in MNC between SLE and nor-
mal groups. Accordingly, the increased
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CFDA efflux activity of SLE-MNC
seems not due to increased MRP1-3
expression in the cells.

Correlation of clinical/laboratory
parameters and medications with
increased MRP-mediated efflux
activity in SLE-MNC

The correlation of demographic data
(age, sex), clinical parameters (disease
duration, disease activity and glucocor-
ticosteroid responsiveness), laboratory
parameters (hematology, biochemis-
try and serology), and medications
(prednisolone,  hydroxychloroquine,
cyclophosphamide and azathioprine)
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Fig. 2. Comparison
of three dye-efflux
activities in  MNC
and PMC of normal
and SLE groups. Car-
boxy-2’,  7’-dichlo-
rofluorescein  diac-
etate (CFDA) efflux
assay is specific for
MRP-mediated trans-
port activity. Rhod-
amine 123 efflux as-
say is specific for P-
gp-mediated transport
activity. Mitoxantrone
efflux assay is specific
for ~ ABCG2-medi-
ated transport activ-
ity. (A) MNC (only
a non-specific MRPs
antagonist, probene-
cide 2.5mM, was
used to test the valid-
ity of CFDA dye-ef-
flux assay) (B) PMN
(only a non-specific
MRPs antagonist,
probenecide 2.5mM,
was used to test the
validity of CFDA
dye-efflux assay), and
(C) MNC (Optimal
concentration of three
specific MDR inhibi-
tors: 50uM of MK571
for MRPs; 50uM of
verapamil for P-gp,
and 0.1uM of fu-
mitremorgin C  for
ABCG?2, were used to
test the validity of the
respective assay. The
specific  antagonists
could completely
abolish the dye-efflux
mediated by the three
molecules).
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Fig. 3. Comparison of MRP1, MRP2 and MRP3
expression in MNC from healthy volunteers and
SLE patients detected by flow cytometric deter-
mination.

with increased MRPs efflux activity
in SLE-MNC is summarized in Table
I. We found that leukocyte count and
duration of prednisolone treatment are
significantly correlated with increased
MRPs activity in SLE-MNC. Howev-
er, after adjusted by age and sex, only
the duration of prednisolone treatment
(p=0.013) is significantly correlated
with increased MRP activity in SLE-
MNC.

Discussion

To the best of our knowledge, this is
the first study to investigate the efflux
activity of three major MDR proteins
in immune-related cells of patients
with SLE. The results showed that the
efflux activity of MRPs family was
significantly higher in SLE-MNC than
normal MNC. Due to the extremely
short half-life (6-8 hours in vivo) and
life span (<3 days in vitro) of PMN,
it is expected that the expression and
function of MDR proteins in PMN do
not change despite long-term expo-
sure to different immunosuppressants.
In addition, PMN do not express P-
gp in the cells. Tsujimura et al. (14)
demonstrated that P-gp molecule was
expressed at significantly high levels
as well as increased function in the
peripheral blood lymphocytes of SLE
patients in parallel with clinical ster-
oid resistance. We did not compare the
expression of P-gp molecule in normal
and SLE-MNC because no functional
change of P-gp between normal and
SLE-MNC was found (Fig. 2A). It is
possible that our SLE patients were
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Table I. The correlation of different clinical/laboratory parameters and medications with D
value of CFDA efflux activity in mononuclear cells of patients with SLE.

Clinical parameters Mean p-value
Age (years) 39.5+16.6 0.247
Sex (F:M) 19:7 0.667
Duration of SLE (months) 82.7+87.3 0.267
SLE-DAI score 9.7+84 0.963
WBC (10°/L) 7035 + 3681 0.037**
Platelet (10%/L) 228,000 + 101,000 0.465
Albumin (g/dL) 3.7+0.8 0.403
Creatinine (mg/ml) 1.3+1.3 0.872
Anti-dsDNA (IU/ml) 101 =211 0.490
C3 (mg/dL) 79.4 £27.1 0.151
C4 (mg/dL) 21.6+17.3 0.623
Predonisolone dosage (mg/day) 142 +15.1 0.199
Predonisolone duration (months) 40.5 +50.4 0.006™*
Hydroxychloroquine usage (yes: no) 22:4 0.874
Cyclophosphamide usage (yes: no) 8:18 0.337
Azathioprine usage (yes: no) 4:22 0.251
Steroid responsiveness™ (yes: no) 10:16 0.133

“Patients with SLE who received immunosuppressants more than prednisolone and hydroxychloro-
quine to control lupus disease activity were defined as steroid refractory.

“*After analysis with multiple linear regression model adjusted by age and sex, only prednisolone
duration (p=0.013), but not WBC count, is significantly correlated with the MRP-related transport

activity.

less active than those of them (SLEDAI
score 9.7 vs. 12) that would express
less P-gp activity in their results but
exhibit no difference in P-gp activity
between SLE and normal MNC in our
study. Instead, we noted that the en-
hanced MRP-mediated CFDA efflux
is significantly correlated with long-
term corticosteroid use (Table I). It is
possible that P-gp contributes to drug
resistance in highly active disease
state while increased MRPs activity
emerges in moderate disease activity
after long-term corticosteroid treat-
ment in SLE patients. Tazzari et al.
(21) demonstrated that MRP1 expres-
sion is under the control of the PI3K/
Akt signaling axis in AML blasts. Fur-
thermore, PI3K/Akt/mTOR molecules
were found hyper-expressed in the B
cells of mouse lupus model (22). Ac-
cordingly, it is possible that increased
MRP activity in SLE-MNC is due to
hyper-expressed PI3K/Akt/mTOR
pathway in these patients. Unfortu-
nately, we failed to demonstrate that
MRPs activity of SLE-MNC is higher
in steroid refractory than in responsive
patients in Table I (p=0.133). Due to
cross-sectional analysis and small case
numbers in this study, it is premature
to conclude that the increased activity
of MRPs in SLE-MNC is not related

to poor steroid responsiveness in the
present study. A prospective study to
recruit enough newly diagnosed SLE
patients for correlating the corticos-
teroid responses and MRP activity of
MNC is now under investigation.

Oerlemans et al. (23) in an in vitro
study demonstrated that cells over-ex-
pressing MRP1 induced by long-term
hydroxychloroquine exhibited high
corticosteroid resistance by a mecha-
nism of cross-provocation. This result
suggests that MRPs family plays an
important role in steroid resistance as
well as P-gp through cross-provoca-
tion. Besides, a number of in vitro stud-
ies revealed that ABCG2 and MRPI
over-expression involved in DMARDs
resistance. Interestingly, these T cells
can extend resistance to other non-
related DMARDs after long-term
exposure to one agent by resistance
spreading (23-25). Clinically, many
immunosuppressive agents potentially
induce MDR in patients with rheuma-
toid arthritis (7-12). Our study clearly
demonstrates that long-term use of
corticosteroids, but not hydroxychlo-
roquine, cyclophosphamide or aza-
thioprine, is the contributing factor for
increased MRPs activity in SLE-MNC.
In addition to RA and SLE, MDR gene
expression was also observed in other
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autoimmune diseases such as myasthenia
gravis (26) and immune thrombocy-
topenic purpura (27). However, most
authors only focused on P-gp but not
on other drug efflux molecules expres-
sion. Since long-term immunosuppres-
sive therapy is mandatory for autoim-
mune diseases, the emergency of MDR
is quite important in clinical practice. It
is equally interesting that cyclosporine
suppresses lymphocyte activation via
inhibition on both calcineurin and P-
gp activity (28). Therefore, it is pos-
sible that calcineurin inhibitors such
as cyclosporine and FK506 not only
suppress autoimmune activity, but pre-
vent multidrug resistance. Currently
developed synthetic MDR reversing
agents, including PSC-833, VX-710,
S-9788, GF-120918, LY 33597 and
XR9576, are now under clinical trial
for improving the efficacy of cancer
therapy (29-31). The combination of
these compounds with traditional im-
munosuppressants would be a novel
effective therapy for SLE patients in
long-term corticosteroid therapy. The
mechanisms for multidrug resistance
are sophisticate that involve in impaired
drug delivery to target cells, defective
cellular uptake, alternations in intracel-
lular drug activation, target inhibition,
and unknown processes downstream of
target inhibition (10). The combination
therapy would be an important strat-
egy to overcome drug resistance in the
treatment of infectious disease (32) and
rheumatic disorders for minimizing the
drug resistance (10).

Three unsettled problems remained in
the present study:

1. Inconsistency between increased ac-
tivity and normal expression of MRP
molecules in SLE-MNC. Several pos-
sibilities can be deduced including
over-expression of less characterized
MRP molecules other than MRP1-3,
augmentation of MRPs activity by
lupus disease activity per se, mutate
MRP molecules, or even post-transla-
tional modification of MRP molecules,
but not increased intracellular MRPs
expression. However, more investiga-
tions are needed to solve it;

2. The molecular basis of corticoster-
oid-induced drug-resistance was not
elucidated in the present study. It is
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possible that the residual drug-resistant
lymphocytes emerge after long-term
contacting with offensive lymphocy-
totoxic corticosteroids. These selected
lymphocytes expand by autoimmune
mechanism of SLE leading to en-
hanced MRP activity in these patients;
3. Whether increased MRP activity in
SLE-MNC is congenital or acquired
was not determined in the present study.
Our preliminary results reveal that the
increased MRP activity in SLE-MNC
restored to normal function after dis-
ease remission (data not shown). Ac-
cordingly, it is quite possible that MRP
activity is correlated with lupus disease
activity with abnormal signaling path-
way in patients with SLE.

Besides the drug efflux pumping ac-
tivity, P-gp molecules also mediate
the transmembrane transport of IL-2,
IFN-y and IL-4 (33, 34). The block of
P-gp inhibits T cell activation (33).
However, the P-gp knock-out mice
can equally transport these cytokines
(35). It seems more likely that the P-
gp molecule may involve in cytokine
release from cells indirectly by ex-
porting molecules that regulate the cy-
tokine release. MRP1 was also demon-
strated as transmembrane transporter
of leukotrienes to mobilize dendritic
cells entering into lymph nodes (36).
On the other hand, many cytokines can
stimulate MDR protein expression in
different cells. Tsujimura et al. (37)
demonstrated that IL-2 transcription-
ally regulates P-gp expression in lym-
phocytes. Proinflammatory cytokines
IL-6 and IL-1 can induce MRP family
proteins expression in different tis-
sue cells (38-40). These data suggest
the possibility of mutual modulation
among MDR proteins and cytokines.
The increased MRP family efflux ac-
tivity in SLE-MNC is probably af-
fected by high serum levels of proin-
flammatory cytokines that involve
lupus pathogenesis. Obviously, more
investigations are needed to prove it.
In conclusion, MRPs efflux function is
enhanced in SLE-MNC that correlates
with long-term steroid therapy. The ad-
dition of MDR inhibitors may be use-
ful in preventing multidrug resistance
in long-term corticosteroid therapy in
patients with SLE.

References

1. GREENSTEIN B: Steroid resistance: implica-
tions for lupus. Lupus 1994; 3: 143-9.

2. PEREZ-TOMAS R: Multidrug resistance: ret-
rospect and prospect in anti-cancer drug treat-
ment. Curr Med Chem 2006; 13: 1859-76.

3. SZAKACS G, PATERSON JK, LUDWIG JA,
BOOTH-GENTHE C, GOTTESMAN MM: Tar-
geting multidrug resistance in cancer. Nat
Rev Drug Discov 2006; 5: 219-34.

4. LAGE H: ABC-transporters: implications on
drug resistance from microorganisms to hu-
man cancers. Int J Antimicrob Agents 2003;
22: 188-99.

5. MORSCHHAUSER J: The genetic basis of flu-
conazole resistance development in Candida
albicans. Biochim Biophys Acta 2002; 1587:
240-8.

6. BORST P, ELFERINK RO: Mammalian ABC
transporters in health and disease. Ann Rev
Biochem 2002; 71: 537-92.

7. JANSEN G, SCHEPER RJ, DIJKMANS BA:
Multidrug resistance proteins in rheumatoid
arthritis, role in disease-modifying antirheu-
matic drug efficacy and inflammatory proc-
esses: an overview. Scand J Rheumatol 2003;
32: 325-36.

8. JORGENSEN C, SUN R, ROSSI JF et al.:
Expression of a multidrug resistance gene in
human rheumatoid synovium. Rheumatol Int
1995; 15: 83-6.

9. LLORENTE L, RICHAUD-PATIN Y, DIAZ-BOR-
JON A et al.: Multidrug resistance-1 (MDR-
1) in rheumatic autoimmune disorders. Part
I: Increased P-glycoprotein activity in lym-
phocytes from rheumatoid arthritis patients
might influence disease outcome. Joint Bone
Spine 2000; 67: 30-9.

10. VAN DER HEIJDEN JW, DDKMANS BA, SCHEP-
ER RJ, JANSEN G: Drug Insight: resistance to
methotrexate and other disease-modifying
antirheumatic drugs--from bench to bedside.
Nat Clin Pract Rheumatol 2007; 3: 26-34.

11. MAILLEFERT JF, MAYNADIE M, TEBIB JG et
al.: Expression of the multidrug resistance
glycoprotein 170 in the peripheral blood
lymphocytes of rheumatoid arthritis patients.
The percentage of lymphocytes expressing
glycoprotein 170 is increased in patients
treated with prednisolone. Br J Rheumatol
1996; 35: 430-5.

12. YUDOH K, MATSUNO H, NAKAZAWA F, YON-
EZAWA T, KIMURA T: Increased expression
of multidrug resistance of P-glycoprotein on
Thl cells correlates with drug resistance in
rheumatoid arthritis. Arthritis Rheum 1999;
42:2014-5.

13. DIAZ-BORIJON A, RICHAUD-PATIN Y, ALVAR-
ADO DE LA BARRERA C, JAKEZ-OCAMPO J,
RUIZ-ARGUELLES A, LLORENTE L: Multi-
drug resistance-1 (MDR-1) in rheumatic
autoimmune disorders. Part II: Increased P-
glycoprotein activity in lymphocytes from
systemic lupus erythematosus patients might
affect steroid requirements for disease con-
trol. Joint Bone Spine 2000; 67: 40-8.

14. TSUJIMURA S, SAITO K, NAKAYAMADA S,
NAKANO K, TANAKA Y: Clinical relevance
of the expression of P-glycoprotein on periph-
eral blood lymphocytes to steroid resistance
in patients with systemic lupus erythemato-
sus. Arthritis Rheum 2005; 52: 1676-83.

644

16.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

. LAUPEZE B, AMIOT L, COURTOIS A et al.:

Use of the anionic dye carboxy-2’,7’-dichlo-
rofluorescein for sensitive flow cytometric
detection of multidrug resistance-associated
protein activity. Int J Oncol 1999; 15: 571-6.
DRENOU B, FARDEL O, AMIOT L, FAUCHET
R: Detection of P glycoprotein activity on
normal and leukemic CD34* cells. Leuk Res
1993; 17: 1031-5.

. MALIEPAARD M, VAN GASTELEN MA, DE

JONG LA et al.: Overexpression of the
BCRP/MXR/ABCP gene in a topotecan-se-
lected ovarian tumor cell line. Cancer Res
1999; 59: 4559-63.

. LEITH CP, KOPECKY KJ, CHEN IM et al.:

Frequency and clinical significance of the ex-
pression of the multidrug resistance proteins
MDR1/P-glycoprotein, MRP1, and LRP in
acute myeloid leukemia: a Southwest Oncol-
ogy Group Study. Blood 1999; 94: 1086-99.
YOUNG IT: Proof without prejudice: use of
the Kolmogorov-Smirnov test for the analy-
sis of histograms from flow systems and oth-
er sources. J Histochem Cytochem 1977, 25:
935-41.

BECK WT, GROGAN TM, WILLMAN CL et al.:
Methods to detect P-glycoprotein- associated
multidrug resistance in patients’ tumors: con-
sensus recommendations. Cancer Res 1996;
56: 3010-20.

TAZZARI PL, CAPPELLINI A, RICCI F et al.:
Multidrug resistance-associated protein 1
expression is under the control of the phos-
phoinositide 3 kinase/Akt signal transduction
network in human acute myelogenous leuke-
mia blasts. Leukemia 2007; 21: 427-38.

WU T, QIN X, KUREPA Z et al.: Shared signal-
ing networks active in B cells isolated from
genetically distinct mouse models of lupus.
J Clin Invest 2007; 117: 2186-96.
OERLEMANS R, VAN DER HEIJDEN J, VINK J
et al.: Acquired resistance to chloroquine in
human CEM T cells is mediated by multidrug
resistance- associated protein 1 and provokes
high levels of cross-resistance to glucocorti-
coids. Arthritis Rheum 2006; 54: 557-68.
VAN DER HEIJDEN J, DE JONG MC, DIJKMANS
BA et al.: Development of sulfasalazine re-
sistance in human T cells induces expres-
sion of the multidrug resistance transporter
ABCG?2 (BCRP) and augmented production
of TNFalpha. Ann Rheum Dis 2004; 63: 138-
43.

VAN DER HEIJDEN J, DE JONG MC, DIJKMANS
BA et al.: Acquired resistance of human T
cells to sulfasalazine: stability of the resist-
ant phenotype and sensitivity to non-related
DMARDSs. Ann Rheum Dis 2004; 63: 131-7.
RICHAUD-PATIN Y, VEGA-BOADA F, VIDAL-
LER A, LLORENTE L: Multidrug resistance-
1 (MDR-1) in autoimmune disorders IV.
P-glycoprotein overfunction in lymphocytes
from myasthenia gravis patients. Biomed
Pharmacother 2004; 58: 320-4.

RUIZ-SOTO R, RICHAUD-PATIN Y, LOPEZ-
KARPOVITCH X, LLORENTE L: Multidrug
resistance-1 (MDR-1) in autoimmune dis-
orders III: increased P-glycoprotein activity
in lymphocytes from immune thrombocyto-
penic purpura patients. Exp Hematol 2003;
31:483-7.

FOXWELL BM, MACKIE A, LING V, RYFFEL



29.

30.

31.

32.

33.

B: Identification of the multidrug resistance-
related P-glycoprotein as a cyclosporine
binding protein. Mol Pharmacol 1989; 36:
543-6.

ROBERT J, JARRY C: Multidrug resistance
reversal agents. J Med Chem 2003; 46: 4805-
17.

TAN B, PIWNICA-WORMS D, RATNER L:
Multidrug resistance transporters and modu-
lation. Curr Opin Oncol 2000; 12: 450-8.
AOUALI N, EDDABRA L, MACADRE J, MOR-
JANI H: Immunosuppressors and reversion of
multidrug-resistance. Crit Rev Oncol Hema-
tol 2005; 56: 61-70.

OKEKE IN, KLUGMAN KP, BHUTTA ZA et
al.: Antimicrobial resistance in developing
countries. Part II: strategies for containment.
Lancet Infect Dis 2005; 5: 568-80.

FRANK MH, DENTON MD, ALEXANDER SI,
KHOURY SJ, SAYEGH MH, BRISCOE DM:

34.

35.

36.

Increased MRPs activity in SLE-MNC / M.-C. Lu et al.

Specific MDR1 P-glycoprotein blockade in-
hibits human alloimmune T cell activation in
vitro. J Immunol 2001; 166: 2451-9.

DRACH J, GSUR A, HAMILTON G et al.:
Involvement of P-glycoprotein in the trans-
membrane transport of interleukin-2 (IL-2),
IL-4, and interferon-gamma in normal hu-
man T lymphocytes. Blood 1996; 88: 1747-
54.

GOLLAPUDI S, KIM C, GUPTA S: P-glycopro-
tein (encoded by multidrug resistance genes)
is not required for interleukin-2 secretion in
mice and humans. Genes Immun 2000; 1:
317-9.

ROBBIANI DF, FINCH RA, JAGER D, MULLER
WA, SARTORELLI AC, RANDOLPH GJ: The
leukotriene C(4) transporter MRP1 regulates
CCL19 (MIP-3beta, ELC)-dependent mobi-
lization of dendritic cells to lymph nodes.
Cell 2000; 103: 757-68.

645

37.

38.

39.

40.

TSUJIMURA S, SAITO K, NAKAYAMADA S et
al.: Transcriptional regulation of multidrug
resistance-1 gene by interleukin-2 in lym-
phocytes. Genes Cells 2004; 9: 1265-73.
HARTMANN G, CHEUNG AK, PIQUETTE-
MILLER M: Inflammatory cytokines, but not
bile acids, regulate expression of murine
hepatic anion transporters in endotoxemia.
J Pharmacol Exp Ther 2002; 303: 273-81.
LEE G, PIQUETTE-MILLER M: Cytokines alter
the expression and activity of the multidrug
resistance transporters in human hepatoma
cell lines; analysis using RT-PCR and cDNA
microarrays. J Pharm Sci 2003; 92: 2152-
63.

DREUW A, HERMANNS HM, HEISE R et al.:
Interleukin-6-type cytokines upregulate ex-
pression of multidrug resistance-associated
proteins in NHEK and dermal fibroblasts.
J Invest Dermatol 2005; 124: 28-37.



