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Abstract
The main purpose of treatment of rheumatoid arthritis 
(RA) with disease modifying antirheumatic drugs 
(DMARDs) is to control activation of lymphocytes, 
although some patients do not respond adequately 
to such treatment. Among various mechanisms of 
multidrug resistance, P-glycoprotein (P-gp), a member 
of ATP-binding cassette transporters, causes drug-
resistance by efflux of intracellular drugs. Certain stimuli, 
such as tumor necrosis factor-α, activate lymphocytes 
and induce P-gp expression on lymphocytes, as evident 
in active RA. Studies from our laboratories showed 
spontaneous nuclear accumulation of human Y-box-
binding protein-1, a multidrug resistance 1 transcription 
factor, in unstimulated lymphocytes, and surface 
overexpression of P-gp on peripheral lymphocytes of 
RA patients with high disease activity. The significant 
correlation between P-gp expression level and RA 
disease activity is associated with active efflux of 
drugs from the lymphocyte cytoplasm and in drug-
resistance. However, the use of biological agents that 
reduce P-gp expression as well as P-gp antagonists 
(e.g. , cyclosporine) can successfully reduce the efflux 
of corticosteroids from lymphocytes in vitro , suggesting 
that both types of drugs can be used to overcome 
drug-resistance and improve clinical outcome. We 
conclude that lymphocytes activated by various stimuli 
in RA patients with highly active disease acquire P-gp-
mediated multidrug resistance against corticosteroids 
and probably some DMARDs, which are substrates of 
P-gp. Inhibition/reduction of P-gp could overcome such 
drug resistance. Expression of P-gp on lymphocytes is 
a promising marker of drug resistance and a suitable 
therapeutic target to prevent drug resistance in patients 
with active RA.
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Core tip: In patients with refractory rheumatoid 
arthritis (RA) and high disease activity, overexpression 
of P-glycoprotein (P-gp) on lymphocytes can cause 
resistance to anti-rheumatic drugs through efflux 
of intracellular drugs from these cells. Lymphocytes 
activated by various stimuli, including tumor necrosis 
factor-α in RA patients apparently acquire P-gp-mediated 
multidrug resistance against certain anti-rheumatic 
drugs, which are substrates of P-gp. The use of biological 
agents that reduce P-gp expression as well as P-gp 
antagonists can successfully reduce the efflux of drugs 
from lymphocytes, suggesting that they can be used to 
overcome drug-resistance and improve clinical outcome.
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INTRODUCTION
Rheumatoid arthritis (RA) is manifested by inflam
matory and chronic destruction of multiple joints with 
occasional systemic organ complications based on 
immune abnormality[1]. Poor control of RA is associated 
with severe painful disability and impairments at work 
and life. The strategic treatment to control immune
mediated synovial inflammation, joint destruction and 
extraorgan manifestation is by early intervention with 
synthetic or biological disease modifying antirheumatic 
drugs (DMARDs). Early treatment of RA with DMARDs 
can result in prevention of joint destruction and a 
better longterm outcome[2]. DMARDs commonly target 
lymphocytes and the cytokines produced by these 
cells, which play an important role in the pathogenesis 
of RA[3]. However, we often encounter RA patients 
who are refractory to these DMARDs and fail in the 
control of high disease activity[4]. Thus, overcoming 
activated lymphocytes involved in drugresistance is 
an important goal of the treatment in some refractory 
RA patients. Pglycoprotein (Pgp) is a member of ATP
binding cassette transporters and is induced on the cell 
membrane by certain stimuli. Pgp transports multiple 
drugs from the cytoplasm to the cell exterior, resulting 
in the development of drug resistance. Here, we discuss 
the importance of Pgp on activated lymphocytes and its 
relevance to multidrugresistance and the potential for 
treatments targeting Pgp on lymphocytes to overcome 
drugresistance in refractory patients with RA.

MECHANISMS OF DRUG RESISTANCE 
MEDIATED BY P-GP
Pgp is encoded by the multidrug resistance1 

(MDR1)[57], a member of the ATP-binding cassette  
transporter superfamily of genes. Pgp is recognized 
by structurally diverse, hydrophobic/amphiphilic sub-
strates, ranging from 300 to 2000 Da, catches these 
substrates like a “vacuum cleaner” during passing 
through the cell membrane, and pumps them out of 
the cells in a manner dependent on the energy of ATP 
hydrolysis. Therefore, Corticosteroids, certain immuno-
suppressants and DMARDs, including antimalarial drugs, 
are extruded from lymphocytes with overexpression of 
P-gp, which leads to reductions in the concentrations of 
these drugs in cytoplasm and failure of their intracellular 
effects (Table 1)[813]. Indeed, P-gp-mediated efflux 
of corticosteroids from lymphocytes can result in low 
cytoplasmic corticosteroid concentrations and develop
ment of corticosteroid resistance in systemic lupus 
erythematosus[14]. Thus, excessive excretion of the 
drugs from Pgpoverexpressing lymphocytes can 
be involved in the drugresistance often observed in 
patients with RA.

THE REGULATION OF P-GP EXPRESSION 
ON LYMPHOCYTES 
Endothelial cells of the blood brain barrier and various 
epithelial cells show congenial expression of Pgp for 
protection of cells from toxic substances. In contrast, 
Pgp expression on normal resting lymphocytes is 
marginal but can be induced by certain stimuli[1517]. 
Overexpression of Pgp appears to be closely associated 
with the nuclear localization of human Yboxbinding 
protein1 (YB1) in various tumors[18]. YB-1, which 
is a member of the DNA/RNA-binding protein family 
containing a cold-shock domain, is activated in 
response to various genotoxic stimuli and drives the 
transcription of MDR-1 gene[18]. We have demonstrated 
that lymphocytes can be activated by various stimuli, 
such as cytokines and extracellular matrix to induce 
P-gp expression on lymphocytes, based on the following 
sequence of events; activation and translocation of YB1 
by IL-2, tumor necrosis factor-α (TNFα) (Figure 1A) 
and fragmented hyaluronan, transcriptional activation 
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  Drug Pharmacological 
substrates of 

P-glycoprotein

Competitive inhibitor of 
P-glycoprotein

  Corticosteroids Yes No
  Cyclosporine Yes Yes
  Tacrolimus Yes Yes
  Methotrexate No No
  Leflunomide No No
  Hydroxycloroquine Yes Yes
  Sulfasalazine Yes Unknown
  D-penicillamine Yes Unknown
  Colchicine Yes No
  Cyclophosphamide No No
  Azathioprine No No

Table 1  Relation of P-glycoprotein with disease modifying 
antirheumatic drugs and immunosuppressants



of MDR-1 by activated YB-1, P-gp expression on the 
cell surface membrane of lymphocytes, expelling added 
dexamethasone from lymphocytes, leading to a fall 
in intracellular dexamethasone concentration[16,17]. 
Serum and synovial concentrations of IL2 are high 
in patients with active RA[19,20]. TNFα is a clinically 
validated pathogenic factor in inflammatory erosive 
arthritis in RA and is pivotal target for directed bio
logic intervention[3,21-23]. Fragmented hyaluronan is 
increased in the RA synovium and synovial fluid[24,25]. 
The enhanced production of fragmented hyaluronan 
is due to increased digestion of native hyaluronan, 
which is increased in inflammatory foci like synovitis by 
inflammatory cytokines including IL-1β and TNFα[26] and 
by oxygenderived free radicals[24,25]. Overexpression 
of Pgp on lymphocytes induced by these stimuli[15,16], 
which also play important roles in the disease activity 
of RA, parallels the activation of lymphocytes. P-gp 
expression is preferentially high on CD69-expressing 
lymphocytes, which is a well-defined marker of early 
activation of lymphocytes[16,17]. Actually, lymphocytes 

in highly active RA patients, i.e., pathologically active 
lymphocytes, show accumulation of YB-1 in the 
nuclei and overexpression of Pgp on the cell surface 
membrane (Figure 1B). Thus, lymphocyte activation by 
certain stimuli induces YB1 activation followed by Pgp 
overexpression, resulting in acquisition of multidrug 
resistance mediated by P-gp (Figure 2A and B, and 
Table 1). Therefore, the presence of active lymphocytes 
that have acquired Pgpmediated multidrug resistance 
are probably involved in the failure of disease control in 
patients with active RA.

CLINICAL VALIDATION OF THE 

RELATIONSHIP BETWEEN 

P-GP-EXPRESSING RA LYMPHOCYTES 

AND DRUG RESISTANCE 
The expression level of Pgp is significantly high on 
most peripheral CD4+ T cells and CD19+ B cells in RA 
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Figure 1  Up-regulation of nuclear translocation of Y-box-binding protein-1, transcription of multidrug resistance 1 in lymphocytes, and P-glycoprotein 
expression on lymphocytes. A: Left: Immunostaining and confocal microscopy analysis of Y-box-binding protein-1 (YB-1) in 1 × 105 of peripheral blood mononuclear 
cells (PBMCs). YB-1 was expressed in the cytoplasm of all non-stimulated PBMCs (NS). In contrast, nuclear translocation of YB-1 was induced in 30% or more of 
PBMCs incubated with 10 ng/mL of tumor necrosis factor-α (TNF-α). Immunostaining for YB-1 using a specific antibody (Ab) against YB-1[19] with FITC-conjugated 
anti-rabbit IgG Ab (BD Biosciences Pharmingen). Confocal analysis of YB-1 using a LSM 5 Pascal invert Laser Scan Microscope (Carl Zeiss Microscope Systems, 
Germany). Magnification, × 600; Right: Multidrug resistance-1 (MDR-1) mRNA expression was examined by RT-PCR using total RNA extracted from PBMCs 
incubated with 10 ng/mL of TNF-α or no stimulation (NS). The primer sequences were as follows: human β2-microglobulin forward 5’-ACCCCCACTGAAAAAGATGA-3’, 
reverse 5’-ATCTTCAAACCTCCATGATG-3’; human MDR-1 forward 5’-CCCATCATTGCAATAGCAGG-3’, reverse 5’-GTTCAAACTTCTGCTCCTGA-3’. Amplified 
products were electrophoresed with Marker 4 (Nippon Gene, Tokyo) on 3% agarose gels; B: Spontaneous nuclear translocation of YB-1 and P-glycoprotein (P-gp) 
expression on lymphocytes from a typical patient with active rheumatoid arthritis (RA). Left: Immunostaining and confocal microscopy analysis of YB-1 in 1 × 105 of 
PBMCs. YB-1 was expressed in the nuclei of a proportion of unstimulated PBMCs (encircled cells). Magnification, × 600; Right: P-gp expression on CD4+ and CD19+ 
peripheral blood lymphocytes. The dotted line represents the gate set to discriminate negative from positive stained cells as determined by control FITC-conjugated 
anti-mouse IgG Ab. The specific antibodies for staining and flow cytometric analysis were as follows: staining for P-gp using MRK16 (a specific monoclonal Ab against 
P-gp; Kyowa Medex, Tokyo) with FITC-conjugated goat anti-mouse IgG Ab (BD Biosciences Pharmingen), cy-chrome-conjugated CD4 monoclonal Ab, cy-chrome-
conjugated CD19 monoclonal Ab (BD Biosciences Pharmingen).
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with those from RA patients with mild to moderate active 
disease (DAS 283 < 5.1) and normal volunteers. The 
above findings indicate that overexpression of Pgp on 
activated lymphocytes leads to active efflux of certain 
intracellular drugs, substrates of P-gp, from the cells, and 
results in the development of drug resistance and failure 
of the disease control in highly active RA (Figure 2B). 
Taken together, it is possible that treatment that targets 
Pgp on lymphocytes could overcome drugresistance 
in refractory patients with RA. Treatment modalities that 
target Pgp are classified into those that reduce Pgp 
expression and others that inhibit Pgp function. 

BIOLOGICAL AGENTS CAN OVERCOME 

P-GP-MEDIATED DRUG RESISTANCE 

IN PATIENTS WITH REFRACTORY 

RHEUMATOID ARTHRITIS 
TNFα is a central player in the inflammatory process 

patients, but marginal in normal subjects. Evidence 
indicates that Pgp expression level on lymphocytes 
characteristically correlates significantly with RA disease 
activity, estimated by the disease activity score (DAS) 
283[27], and that its levels on CD4+ T cells and CD19+ B 
cells are markedly increased in patients with inadequate 
response to one DMARD treatment with corticosteroids 
or to at least two DMARDs for at least 2 years, compared 
with responders and normal volunteers (Figure 3).

To elucidate the relationship between Pgp expre
ssion and Pgpmediated efflux of intracellular drugs 
in vitro, intracellular and extracellular concentrations 
of dexamethasone, a representative substrate of P-gp 
(Table 1), were determined by the C/M ratio, an index 
of intracellular concentration of dexamethasone (C) 
and extracellular concentration of dexamethasone in 
the conditioned medium (M). Using this method, we 
analyzed in vitro peripheral blood lymphocytes from RA 
patients with highly active disease (DAS 283 > 5.1). 
Significantly low intracellular dexamethasone levels were 
found in P-gp-overexpressing lymphocytes, compared 
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Figure 2  Schematic diagram of the relevance of P-glycoprotein to drug resistance in rheumatoid arthritis. A: Y-box-binding protein-1 is located in the 
cytoplasm of lymphocytes and P-glycoprotein (P-gp) is only marginally expressed on normal lymphocytes of normal subjects and patients with inactive RA; B: In 
patients with highly active rheumatoid arthritis (RA), various stimuli induce P-gp expression on lymphocytes, which leads to active efflux of drugs from lymphocytes, 
resulting in drug-unresponsiveness and failure to control disease activity; C: Reduction of P-gp achieved by intensive immunosuppressive therapy and inhibition of 
P-gp by competitive antagonists, such as cyclosporine, could overcome P-gp-related drug-resistance in patients with highly active RA. DMARDs: Disease modifying 
antirheumatic drugs; MDR-1: Multidrug resistance 1.
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Pgp[17]. Inhibition of lymphocyte activation by TNFα 
antagonists probably suppresses YB1driven transcrip
tional activation of MDR1 and Pgp expression on 
lymphocytes, and excretion of multiple drugs from the 
cytoplasm to the extracellular compartment. Therefore, 
inhibition of lymphocyte activation by TNFα antagonists 
can probably thwart Pgpmediated treatment resis
tance in refractory patients with RA (Figure 2C).  

Translated clinically, when treatment with DMARDs 
and corticosteroids fails to control high disease activity 
in RA patients, administration of DMARDs or immuno-
suppressants that escape from Pgporchestrated ex
cretion (Table 1), is a better treatment option. Further-
more, treatment with biological agents including TNF-α 
antagonists, should be initiated.

P-GP COMPETITORS REGULATE 

P-GP-MEDIATED DRUG RESISTANCE 

IN PATIENTS WITH REFRACTORY 

RHEUMATOID ARTHRITIS
The immunosuppressants cyclosporine and tacro
limus act as calcineurin inhibitors and inhibit cytokine 
production promoted by NF-AT, as well as act as P-gp-

of RA, as it exacerbates erosive synovitis and enhances 
disease activity, and is thus an excellent molecular 
target for directed biologic intervention[3,21-23]. Infliximab 
and etanercept, two highly effective antagonists of 
TNFα, have revolutionized treatment strategies for 
RA. In one study, infliximab improved clinical disease 
activity in intractable RA through significant reduction 
of P-gp expression levels on CD4+ T cells and CD19+ B 
cells, which were otherwise uncontrolled by treatment 
with MTX[27]. In another study published by our group, 
etanercept significantly reduced CD69 and P-gp 
expression on CD4+ T cells and CD19+ B cells in each 
of 11 patients with intractable RA, including two who 
experienced secondary loss of infliximab efficacy and 
eight who did not use MTX[17]. The above two studies 
demonstrated that treatment with TNFα antagonists can 
improve RA disease activity within two weeks[17,27], and 
allow tapering or withdrawal of steroid therapy[17]. These 
effects were associated with recovery of intracellular 
dexamethasone levels in lymphocytes accompanied by 
falls in Pgp levels in these cells[17,27]. The results imply 
that intensive treatment with TNFα antagonists reduces 
Pgp expression and results in rescue of DMARD and 
steroid concentrations in the cytoplasm of lymphocytes. 

TNF antagonists act extracellularly and inhibit 
lymphocyte activation without being affected by 
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Figure 3  Expression of P-glycoprotein on lymphocytes from patients with refractory rheumatoid arthritis, as determined by flow cytometry. P-glycoprotein 
(P-gp) expression on CD4+ or CD19+ peripheral blood lymphocytes from 20 normal volunteers (open bar) and 100 RA patients [responders, hatched bars; with 
inadequate response to DMARDs (DMARD-IR), closed bars]. The specific antibodies for staining and flow cytometric analysis were as follows: staining for P-gp using 
MRK16 [a specific monocloncal antibody (Ab) against P-gp; Kyowa Medex, Tokyo] with FITC-conjugated goat anti-mouse IgG Ab (BD Biosciences Pharmingen), 
cy-chrome-conjugated CD4 monoclonal Ab, cy-chrome-conjugated CD19 monoclonal Ab (BD Biosciences Pharmingen). Data represent the number of molecules 
expressed per cell, calculated using standard QIFIKIT beads. Values are mean ± SD of independent experiments. One-way ANOVA were used to compare data 
between groups. aP < 0.05, bP < 0.01, by multiple comparison. DMARD: Disease modifying antirheumatic drug; RA: Rheumatoid arthritis.
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normalized CRP and MMP-3 within two months. This 
outcome suggests that cyclosporine and tacrolimus, 
administered at low doses and over a relatively short 
period of time than necessary for NFAT inhibition, 
competitively inhibit elimination of intracellular drugs 
through Pgp on lymphocytes without simultaneously 
reducing P-gp expression, and can thus be used to 
overcome drug resistance and result in improvement 
of clinical features. We propose that competitors of 
P-gp, including cyclosporine, tacrolimus and hydroxy-
cloroquine (Table 1), are potentially effective therapies 
for RA patients with high disease activity who are 
refractory to treatments with conventional DMARDs 
(Figure 2C).

CONCLUSION
Pharmacotherapy is the main form of treatment of 
RA; therefore, drug resistance induced by activated 
lymphocytes is a potentially serious challenge in the 
clinical management of RA. Pgp overexpression 
on activated pathogenic lymphocytes leads to the 
development of Pgpmediated multidrug resistance. 
Therefore, treatments that target P-gp and preferentially 
reduce P-gp-mediated drug-resistance, can overcome 
drug-resistance. Taken together, we propose that the 
level of Pgp expressed on peripheral lymphocytes 
measured in RA patients is a useful marker for Pgp
mediated drug resistance and might help in the selection 
of more effective treatment, including treatment that 
reduce Pgp expression (such as biological agents) and 
inhibit Pgp function (such as Pgp competitors).
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