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Abstract

Objective

To compare drug efflux function of ABCB1 and ABCG2 transporters in rheumatoid arthritis

(RA) patients with active disease and in remission.

Methods

Twenty two active RA patients (DAS28�3.2) and 22 patients in remission (DAS28<2.6)

were selected from an early RA clinic. All patients were evaluated at study inclusion and six

months later. ABCB1 and ABCG2 functional activity was measured in peripheral lympho-

cytes by flow cytometry. The percentage of cells able to extrude substrates for ABCB1 and

ABCG2 was recorded.

Results

Active patients had higher ABCB1 and ABCG2 activity compared with patients in remission

(median [interquartile range]): 3.9% (1.4–22.2) vs (1.3% (0.6–3.2), p = 0.003 and 3.9%

(1.1–13.3) vs 0.9% (0.5–1.9) p = 0.006 respectively. Both transporters correlated with dis-

ease activity assessed by DAS28, rho = 0.45, p = 0.002 and rho = 0.47, p = 0.001 respec-

tively. Correlation was observed between the time from the beginning of treatment and

transporter activity: rho = 0.34, p = 0.025 for ABCB1 and rho = 0.35, p = 0.018 for ABCG2.

The linear regression model showed that DAS28 and the time from the onset of treatment

are predictors of ABCB1 and ABCG2 functional activity, even after adjustment for treat-

ment. After six months we calculated the correlation between change in DAS28 and

change in the functional activity in both transporters and found a moderate and significant

correlation for ABCG2 (rho = 0.28, p = 0.04) and a non-significant correlation for ABCB1

(rho = 0.22, p = 0.11).

PLOS ONE | DOI:10.1371/journal.pone.0159556 July 21, 2016 1 / 11

a11111

OPEN ACCESS

Citation: Atisha-Fregoso Y, Lima G, Pascual-Ramos
V, Baños-Peláez M, Fragoso-Loyo H, Jakez-Ocampo
J, et al. (2016) Rheumatoid Arthritis Disease Activity
Is Determinant for ABCB1 and ABCG2 Drug-Efflux
Transporters Function. PLoS ONE 11(7): e0159556.
doi:10.1371/journal.pone.0159556

Editor: Graham R. Wallace, University of
Birmingham, UNITED KINGDOM

Received: March 14, 2016

Accepted: July 4, 2016

Published: July 21, 2016

Copyright: © 2016 Atisha-Fregoso et al. This is an
open access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: This study was funded by a grant from the
Fondo Sectorial de Investigación en Salud y
Seguridad Social SS/IMSS/ISSSTE-CONACYT,
Mexico, Grant number 262057. The funder had no
role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0159556&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Conclusions

Patients with active RA have an increased function of ABCB1 and ABCG2, and disease

activity is the main determinant of this phenomena.

Introduction
Rheumatoid arthritis (RA) is a chronic, systemic, inflammatory joint disease that leads to bone
and cartilage destruction, as well as to a wide variety of extra articular manifestations [1]. The
impact of RA is considerable, as it affects young adults who may suffer work disability as a con-
sequence [2,3].

Early, aggressive treatment, aimed at reaching remission with disease-modifying antirheu-
matic drugs (DMARD) has a favorable impact on patient outcomes [4–6]. More than 50% of
patients, however, do not respond adequately to the conventional initial treatment; this lack of
response is associated with the use of potentially more toxic combinations, greater costs and
worse clinical outcomes [7].

One of the mechanisms that have been proposed as a potential cause of resistance or failure
to treatment in RA is the resistance to drugs mediated by transporters that decreases intracellu-
lar drug concentration by effluxing them from the intracellular space. The first of these trans-
porters to be described was the permeability glycoprotein (P-gp), also known as ABCB1, the
product of the MDR-1 gene, which belongs to the superfamily of ABC (ATP-binding cassette)
transporters [8,9]. Another transporter member of this family which has also been studied is
the ABCG2 or Breast Cancer Resistant Protein (BCRP1) [10]. The specificity of both transport-
ers is variable, and has been physiologically related to hormone secretion and expulsion of bac-
terial toxins from cells; the increase of function of both transporters also has as a consequence
the extrusion of many drugs from the intracellular space.

These transporters have been studied mainly in cancer, even though the acquired knowledge
related to their role in the response to oncological therapy has expanded to antiviral [11] and
immunosuppressive [12] drugs. The main importance of these transporters in RA is that its
known substrates include, for ABCG2, methotrexate, leflunomide and sulfasalazine, and for
ABCB1, prednisolone and chloroquine [13], all these drugs being a fundamental part of the
treatment of RA. Within the clinical context of RA there have been few studies analysing the
determinants of functional activity of these transporters in patients, and most of them have
been carried out on ABCB1.

The aim of the present study was to search for the association between disease activity and
treatment (corticosteroids and/or DMARD) and with the functional activity of the ABCB1 and
ABCG2 transporters.

Materials and Methods

Study design and variables
This is a case and control study nested in a cohort from the early RA clinic at a tertiary care
centre in Mexico City. The clinic includes patients with symptoms of less than 12 months old
who continue with an indefinite, structured follow [14].

For this study, we consecutively included 22 cases and 22 controls obtained from the early
RA clinic. All of these patients had a confirmed RA diagnosis according to the ACR/EULAR
classification criteria [15,16]. A case was considered to be any patient having a disease activity
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index (DAS28)> 3.2 at the time of inclusion in the study [17], receiving therapeutic and stable
(at least two months) doses of DMARD (active RA). A control was considered to be a patient
with RA, also receiving stable treatment and in remission, i.e., DAS28<2.6.

A second control group was also included. It consists of 8 patients with RA, who had started
treatment for RA less than two weeks before their inclusion in the study. Remarkably 4 of them
had not begun treatment at the time of the basal sample (recent diagnosis).

For determination of the normal values of ABCB1 and ABCG2 30 healthy volunteers were
also studied, 27 women and three men (age range 19–38 years, mean 26.8 years).

This project was approved by the Instituto Nacional de Ciencias Médicas y Nutrición ethics
committee and all subjects were informed about the objectives of the study and gave their writ-
ten consent to participate.

Patient assessment and obtaining of samples
At the time of inclusion in this study and six months later, we registered sociodemographic
data, presence of comorbidities, disease activity, treatment and adherence to it. Disease activity
was prospectively determined by the identification and count of painful and swollen joints
[17], and by the determination of acute phase reactants (erythrocyte sedimentation rate [ESR]
and C reactive protein [CRP]). These data were used to calculate the DAS28-VSG index.
Depending on DAS28, patients were classified as in remission (<2.6), with low disease activity
(2.6–3.2) or with active disease (>3.2).

For each patient the drugs doses at the inclusion in this study were determined, as was also
the accumulated dose during the previous year. Analysed drugs were: corticosteroids (equiva-
lent doses of prednisone), methotrexate, chloroquine (or hydroxichloroquine), sulfasalazine
and leflunomide.

For the measurement of the functional activity of ABCB1 and ABCG2 by flow cytometry a 5
mL peripheral blood sample was taken at baseline and six months later.

For flow cytometric analysis of ABCB1 and ABCG2 function, peripheral blood mononu-
clear cells were isolated by gradient centrifugation on Lymphoprep (Oslo, Norway) from 5 mL
EDTA-anticoagulated whole blood. After two washes, cells were adjusted at a concentration of
3 × 106 cells/ mL in phosphate-saline. For the measurement of ABCB1 activity, 60 μL of
400 μM daunorubicin (DNR) (Sigma-Aldrich, San Louis, MO) -a fluorescent substrate of
ABCB1- were loaded to the cells. Samples were divided into three aliquots of 1 x 106 cells/mL;
one of them was incubated for 1 hour minutes in crushed ice for baseline DNR uptake; another
one incubated at 37°C for 1 hour in a water bath in order to allow DNR-efflux, and the last one
incubated in the presence of 10 μL of 5 mM verapamil (Sigma-Aldrich) -a specific inhibitor of
ABCB1- at 37°C for 1 hour in a water bath to verify the specificity of DNR extrusion.

For the measurement of ABCG2 activity 20 μL of 500 μMmitoxantrone (Sigma-Aldrich)–a
fluorescent substrate of ABCG2- were loaded to 3 x 106 cells/mL. Samples were divided into
three aliquots of 1 x 106 cells/mL; one of them was incubated for 1 hour in crushed ice for base-
line mitoxantrone uptake; another one incubated at 37°C for 1 hour in a water bath in order to
allow mitoxantrone efflux, and the last one incubated in the presence of 100 μL of 10 μM
KO143 (Sigma-Aldrich)–a specific inhibitor of ABCG2- at 37°C for 1 hour in a water bath to
verify the specificity of mitoxantrone extrusion. Analysis were performed immediately on a
FACS Canto II (BD Biosciences, San Jose, CA) using the BD FACS Diva software (Fig 1).

A lymphocyte cluster was gated according to side and forward scatter characteristics. To
avoid differences in size or granularity among lymphocyte subpopulations, a narrow gate was
set in the middle of the first one. Event count was stopped when 20 000 events in this latter
gate were achieved. Results were expressed as the percentage of DNR or mitoxantrone-
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effluxing lymphocytes (low fluorescent cells). Overfunction of ABCB1 and ABCG2 was defined
as a percentage greater than the mean value from the healthy control group plus two standard
deviations (i.e. 4.22% and 4.09%, respectively). Inhibition by verapamil and KO143 ranged
from 43% to 85% and 38% to 87% respectively.

Fig 1. Representative flow cytometric analyses of daunorubicin andmitoxantrone extruding lymphocytes. Panel A. Representative flow
cytometric analyses of DNR extruding lymphocytes. The figure displays representative cytograms and their corresponding histograms obtained by cells
incubated at 4°C (a) (negative control), 37°C (b) and 37°C (c) in the presence of verapamil. The non DNR-effluxing (fluorescent cluster at the right) and
the DNR-effluxing (fluorescent cluster at the left) lymphocytes are clearly evident in either cytograms or histograms. (b): active RA patient with 46.5%
lymphocytes able to extrude DNR; (c) Inhibitory effect of verapamil with only 22% of effluxing cells. Panel B. Representative flow cytometric analyses of
mitoxantrone-extruding lymphocytes. The figure displays representative cytograms and their corresponding histograms obtained by cells incubated at
4°C (a) (negative control), 37°C (b) and 37°C (c) in the presence of KO143. The non-mitoxantrone effluxing-(fluorescence cluster at the right) and the
mitoxantrone-effluxing (fluorescence cluster at the left) lymphocytes are clearly evident in either cytograms or histograms. b): active RA patient with
33.3% lymphocytes able to extrude mitoxantrone; (c) Inhibitory effect of KO143 with only 21.5% effluxing lymphocytes.

doi:10.1371/journal.pone.0159556.g001
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Statistical analysis
For comparison between groups, we used either Student’s T test, Mann-Whitney U test or Wil-
coxon signed rank test, as appropriate. The correlation between disease activity and treatment
(doses at inclusion or accumulated during the previous year) with the measurement of trans-
porters activity was defined with Spearman’s rho test. For multiple group comparison we used
one-way ANOVA or Kruskal Wallis test. Significance was set at a two-tailed value of p< 0.05.

A multivariate analysis with a linear regression model was performed to establish the inde-
pendent association of disease activity with the value of both transporters activity. For this
adjustment, cumulative doses of glucocorticoids and DMARD and duration of treatment were
included in the model. For calculation of coefficient of determination we constructed a model
with variables with p� 0.10 in the univariatecorrelation analysis. Results are reported as β
coefficient (confidence interval 95%) and p value, the coefficient of determination (R2) for the
model is reported as well. The variance inflation factor was used to rule out collinearity.

The statistical program SPSS version 20.0 was used (SPSS, Chicago, IL, USA).

Results

Study population
Table 1 shows the most relevant characteristics of the population at the time of inclusion in our
study. As expected, when compared with controls, cases had a greater clinical disease activity,
with a DAS28 (mean ± SD) at inclusion of 4.8 ± 1.2 vs. 1.1 ± 0.5 (p<0.001) and higher serologi-
cal activity with CRP concentration (mean ± SD) of 1.2 ± 1.2 vs. 0.4 ± 0.5 mg/dL (p = 0.018).

There were no differences between groups in the glucocorticoids or DMARD doses at the
inclusion in this study, or in the accumulated drug doses during the year prior to the study
(Table 1).

Transporters activity at the onset of the study
The functional activity expressed as percentage for each transporter (median [interquartile
range]) was greater in patients with DAS28> 3.2 than in patients in remission, for ABCB1
3.9% (1.4–22.2) vs (1.3% (0.6–3.2), p = 0.003 and 3.9% (1.1–13.3) vs 0.9% (0.5–1.9) p = 0.006
(Fig 2).

Function in both transporters correlated significantly with disease activity assessed by
DAS28: for ABCB1 rho = 0.45, p = 0.002 and ABCG2 rho = 0.47, p = 0.001. There was no cor-
relation between the functional activity of each transporter and the cumulated drug doses or
the doses at sampling of the various drugs. A correlation was observed, however, between the
time from the beginning of treatment and transporter activity: rho = 0.34, p = 0.025 for ABCB1
and rho = 0.35, p = 0.018 for ABCG2.

Linear regression model
The linear regression model with the basal data of all 44 patients showed that DAS28 and the
time from the beginning of treatment are functional activity predictors for ABCB1 and
ABCG2. This association remains significant even after adjusting for treatment (doses at inclu-
sion or accumulated doses of the administered drugs). Table 2 shows the results of the model
including the significant variables i.e. DAS28 and time from the onset of treatment.

Recently diagnosed patients. With the aim of establishing whether RA patients with a
recent onset to their treatment–and thus with minimal exposure to drugs—have an increased
transporter activity, we included 8 patients with fewer than two weeks from admission into
the RA clinic. In four of them, the sample was obtained before the onset of any treatment
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whatsoever, and in the remaining four within two weeks of the beginning of treatment. In these
patients the DAS28 activity index was 5.4 ± 0.9. The median activity of ABCB1 was 5.4 IQR
(1.8–44.5) (p = 0.012 vs inactive) and of ABCG2 5.2 (0.7–47.4) (p = 0.037 vs inactive). (Fig 2).

Follow up after six months. After six months of follow up, out of the 22 patients that
were initially active, 10 remained active, 2 were found to have low activity and 10 were in
remission. Out of the 22 patients that were initially inactive, after six months 18 remained in
remission, 3 had low activity and 1 became active.

In 15 patients there was a decrease in DAS28 after 6 months. Interestingly, no one of them
had an increase in ABCG2 activity (basal vs 6 months), and only one of these patients showed
an increase in ABCB1 activity (basal vs 6 months).

We calculated the correlation between change in DAS28 (difference between basal DAS28
minus DAS28 after 6 months) and change in the functional activity in both transporters (dif-
ferences between basal value minus value after 6 months). We found a moderate and signifi-
cant correlation for ABCG2 (rho = 0.28, p = 0.04) and a non-significant correlation for ABCB1
(rho = 0.22, p = 0.11).

Table 1. Clinical and Demographic Characteristics.

Active RA (n = 22) Remission RA (n = 22) Recent diagnosis RA (n = 8) P Value

Age (years) 46.1 ± 12.3 36.7 ± 10.4 43.7 ± 10.8 P = 0.01* P = 0.027†

Female n (%) 21 (95%) 20 (91%) 8 (100%) P = 0.6†

Time since disease onset 5 ± 4.2 years 4.5 ± 3.8 years 122 ± 56 days P = 0.77*

Time since treatment onset 4 ± 3.4 years 4 ± 3.7 years 5.9 ± 8.1 days P = 0.97*

CRP 1.2 ± 1.2 0.4 ± 0.5 0.7 ± 0.8 P = 0.017†

Smoking n (%) 2 (9%) 2 (9%) 1 (12%) P = 0.96†

DAS28 basal 4.8 ± 1.2 1.1 ± 0.5 5.4 ± 0.9 P<0.001* P<0.001‡

TREATMENT

Medications use at inclusion

PDN 17 (77%) 17 (77%) 5 (62%) P = 1*

Methotrexate 17 (77.3%) 21 (95.5%) 7 (87.5%) P = 0.18*

Sulfasalazine 6 (27.3%) 6 (27.3%) 1 (12.5%) P = 1*

Hydroxychloroquine 8 (36.4%) 8 (36.4%) 4 (50.0%) P = 1*

Drugs doses at inclusion

PDN 6.8 ± 5.8 4.8 ± 3.4 P = 0.4*

Methotrexate 17 ± 10.5 21.5 ± 5.7 P = 0.42*

Sulfasalazine 727.3 ± 1241.4 568.2 ± 979.5 P = 0.76*

Hydroxychloroquine 59.1 ± 81.1 52.3 ± 79.4 P = 0.78*

Cumulated doses during previous year

PDN 2321 ± 2169.4 1638 ± 1181 P = 0.310*

Methotrexate 822 ± 564 1055 ± 337 P = 0.211*

Sulfasalazine 180 ± 319 217 ± 398 P = 0.978*

Hydroxychloroquine 17016 ± 24557 21650 ± 27523 P = 0.758*

Values represent mean ± standard deviation or n (%).

RA: Rheumatoid arthritis, CRP: C-reactive protein, PDN: Prednisone. Active RA: Patients with DAS 28� 3.2, remission: DAS 28� 2.6. Recent diagnosis

RA: patients with less than two weeks with DMARD or glucocorticoids.

* Active vs remission RA.
† Three groups comparison.
‡ Remission vs recent diagnosis RA.

doi:10.1371/journal.pone.0159556.t001
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Taking into account only the 22 patients that had active disease at the onset of the study,
those with greater basal values of ABCB1 or ABCG2 (i.e., those showing values above the
median), had no statistically significant difference in DAS28 after 6 months, when compared
with those patients with values below the median: 3.5 (IQR 2.2–4.1) vs 2.6 (IQR 1.8–4.4);
p = 0.43 for ABCB1 and 3.5 (1.9–4.1) vs 2.6 (2–4.7); p = 0.89 for ABCG2.

Fig 2. ABCB1 and ABCG2 transporters activity in active RA patients, in remission, and in those with
recent diagnosis. Shown are the percent effluxing lymphocytes from all patients studied in each group.

doi:10.1371/journal.pone.0159556.g002
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Discussion
This is the first study analysing longitudinally the activity of the transporters ABCB1 and
ABCG2 in peripheral lymphocytes of RA patients. These transporters, by including amongst
their substrate several of the most important drugs used in treating RA, may have some bearing
on the refractoriness to treatment observed in some patients.

Our results show an increased functional activity of both transporters in peripheral lympho-
cytes of patients with active RA, and a correlation between both values. These results are in
agreement with previous reports which had found evidence of an increased activity of ABCB1
in peripheral lymphocytes from patients with active RA [18,19]. Regarding ABCG2, there have
only been reports of an increase in the expression of ABCB1 and ABCG2 in macrophages in
synovial tissue in patients with RA [20], but this has not been studied in peripheral mononu-
clear cells.

We also found a correlation between the transporters’ activity and the time elapsed from the
beginning of treatment, which tallies with reports which had previously found an association
between higher expression of ABCB1 with prednisolone treatment [21], and an increase in
ABCB1 expression in lymphocytes from synovial tissue from patients previously treated with
DMARD [22].

This association of ABCB1 and ABCG2 function with disease activity and treatment accepts
several explanations. It is important to establish whether in RA patients the greater activity of
transporters is directly associated with disease activity or whether it is secondary to a greater
exposure to drugs, since it is considered that these transporters are inducible [23,24] and
patients with a more active disease receive more treatment.

Our results suggest a mixed behaviour: in the multivariate analysis the main determinant of
ABCB1 and ABCG2 function was disease activity, and this association remains significant after
adjustment for treatment. Even though we could not find a direct association with any of the
drugs used in the treatment of RA, there was a correlation of transporters’ activity with the
time from the onset of treatment (independent of RA duration). This association can be
ascribed to a complex interaction amongst all the drugs received, which over time induces a
greater activity in transporters. These two variables explain about 30% of the variability of the
transporters’ activity.

Additionally, recently diagnosed RA patients, despite not having received treatment had
greater transporter activity than inactive patients with greater drug exposure. This finding had
already been reported for ABCB1 [19], although it had not been previously reported for
ABCG2. This fact strengthens the role of disease activity as a determinant factor in the trans-
porters’ function in some patients.

This is an interesting phenomenon, and even though it could be due to an intrinsic charac-
teristic of lymphocytes from RA patients, it is worth pointing out that one of the physiological
functions of both ABCB1 and ABCG2 is cellular detoxification, including the active extrusion
of inflammatory mediators such as TNF-α, IL-2, IL-12 and IFN-γ [24], and it is possible that
the chronic exposure to increased levels of them could generate a greater transporter activity.

Table 2. Linear regression model.

Transporter Variables β IC 95% p R2

ABCB1 Basal DAS28 3.380 1.426–5.335 0.001 0.30

Time since treatment onset (years) 1.438 0.282–2.595 0.016

ABCG2 Basal DAS28 3.324 1.278–5.371 0.002 0.27

Time since treatment onset (years) 1.363 0.152–2.574 0.028

doi:10.1371/journal.pone.0159556.t002
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It has been suggested that as the disease activity decreases, so does that of the transporters
[25,26]. Notwithstanding this, we only found a weak correlation between the change in DAS28
at 6 months and the change in the value of the transporters activity, which was only significant
for ABCG2. Nevertheless, six months later there was still a significant association between
transporter function and disease activity. This could be explained by a delayed response of the
transporters function to a decrease in disease activity, but studies with a longer follow up are
needed to clarify this point.

One of the main points of interest concerning the increase in the activity of these transport-
ers is whether it is associated with a phenotype of clinical resistance to treatment since, for
example, ABCG2 has been associated in vitro to resistance to sulfasalazine, lefluonomide and
methotrexate [27,28]. We did not find any difference between DAS28 at six months in patients
with active disease and with a greater transporter activity when compared with those with
active RA and a lesser transporter activity. It is worth noting, however, that this study was not
empowered to analyse this point. Studies specifically designed to establish whether patients
with greater transporter activity have less probabilities of reaching a state of remission of RA
when receiving treatment with DMARD are needed.

Interestingly, it has been shown in vitro that the blockage of both transporters with chemo-
sensitizers such as verapamil and KO-143 is able to inhibit the function of the transporters and
the cellular resistance to some DMARD [29]. Even though there are some inhibitors which are
able to revert in vivo the resistance phenotype in humans [30], these have been employed in
cancer with poor results. There are not sufficient studies in patients with autoimmune diseases,
where due to a different background of cell alterations, we could expect different results and
argue for their beneficial therapeutic potential (as long as they are used in addition to the
employed regimes), as optimizers of the pharmacological action of DMARD.

Our study has some limitations, such as having studied peripheral lymphocytes as a whole,
which did not allow us to establish whether a specific population is responsible for the resis-
tance phenotype, nor could we assess the functional alterations that may accompany greater
activity by ABCB1 and/or ABCG2.

It is interesting, however, that these changes are to be found in lymphocytes from peripheral
blood and not exclusively located in the synovia, being that, although peripheral blood lympho-
cytes from patients with RA do not coincide within a general activation state, there have been
reports of alterations in their proliferation and differentiation rate, with a decrease of naïve
CD4 cells [31], and certain memory T-lymphocytes populations show an increase in the
expression of ABCB1, whose functional meaning has not yet been ascertained [32].

Further, we had a relatively small number of patients, and while we were able to establish
differences in ABCB1 and ABCG2 between patients with active and inactive disease, we could
not solve other questions, such as the prognostic value of different levels of transporter activity.

On the other hand, the current study has several strengths: the population under study con-
tains representative groups of the disease, and patients were part of a prospective cohort with a
rigorous follow up, which enabled us to investigate the possible association of treatment and
activity with the transporters functional activity.

Another point worth remarking upon is the process employed in determining the transport-
ers activity. The only validated method to measure directly the transporters function in cells in
suspension is the extrusion of fluorescent compounds dependent on these molecules, e.g., dau-
norubicin, rhodamine 123, mitoxantrone. With these substances it is possible to measure the
individual capacity of each cell to expel drugs substrates of ABCB1 and ABCG2 [33], and com-
bined with the inhibition analysis it is possible to attribute the extrusion to a specific transporter.
Clinically it is more important to establish the function of the transporters than just their pres-
ence in the membrane or the expression of the gene, which could not be representative of the
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biological phenomena of extrusion of relevant compounds. Also, measuring the transporters
activity using peripheral blood facilitates the obtaining of multiple samples.

Summing up, our results demonstrate that patients with active rheumatoid arthritis have an
increased function of ABCB1 and ABCG2, and that disease activity is the variable with the
strongest association with this phenomena, even though there is also an association with treat-
ment duration. Certainly, more studies are needed to identify the prognostic value of this incre-
ment in transporters function, and to establish the causal and temporal association between
both phenomena, as there could exist a circular relationship, where a greater activity from the
transporters’ conditions a greater disease activity, and a greater disease activity induces a
greater transporters’ activity. These items deserves to be explored in depth.
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