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Abstract

Objectives To evaluate the utility of elevated serum P-glycoprotein (P-gp) as a risk marker of therapeutic response failure
in rheumatoid arthritis (RA) patients treated with disease-modifying antirheumatic drugs (DMARDs).

Methods A cross-sectional study was conducted in 151 RA patients. Patients were classified into two groups according
to the response achieved in terms of the disease activity score (DAS)28 after > 6 months: (1) patients with a therapeutic
response to DMARDs, with DAS28 <3.2; and (2) patients without a response to DMARDs, with persistent DAS28 >3.2.
We explored a wide group of clinical factors associated with therapeutic resistance. Serum P-gp levels were measured by
ELISA. The risk of P-gp elevation as a marker of failure to achieve a therapeutic response to DMARDs was computed using
multivariate logistic regression.

Results Serum P-gp levels were significantly higher in RA patients (n =151) than in the controls (n=30) (158.70+ 182.71 ng/
mL vs. 14.12+8.97 ng/mL, p <0.001). The P-gp level was correlated with the DAS28 score (r=0.39, p <0.001). RA
patients with DMARD failure had higher serum P-gp levels than patients with a therapeutic response (206 +21.47 ng/mL
vs 120.60 + 15.70 ng/mL; p=0.001). High P-gp levels increased the risk of DMARD failure (OR 3.36, 95% CI 1.54-7.27,
p=0.001). After adjusting for confounding variables, elevated P-gp remained associated with DMARD failure (OR 2.64,
95% CI 1.29-5.40, p=0.01).

Conclusion Elevated serum P-gp is associated with DMARD failure. The P-gp level can be considered a clinical tool for
evaluating the risk of DMARD failure in patients; however, future prospective studies should be performed to evaluate the
utility of this marker in predicting long-term responses.

Keywords P-glycoprotein - Rheumatoid arthritis - Disease Activity Score - Disease-modifying - Antirheumatic drugs -
Drug resistance

Introduction

Currently, clinical practice guidelines consider synthetic
disease-modifying antitheumatic drugs (DMARDs) the pri-
mary drugs of choice for treating rheumatoid arthritis (RA)
(Bombardier et al. 2012; Smolen et al. 2014; Cardiel et al.
2014; Singh et al. 2016). In developing countries, there is an
elevated rate of RA patients who undergo long-term treat-
ment with DMARDs (Cardiel et al. 2012). A multicentre
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survey in Mexico has shown that approximately 93% of
patients are treated with synthetic DMARDs, whereas only
6% of patients are treated with biologic DMARDs (Goy-
cochea-Robles et al. 2007). In a previous study, only 23%
of RA patients receiving synthetic DMARDs achieved a
response after 24 weeks (Machado et al. 2014). An interest-
ing study has shown that nearly 27% of RA subject, includ-
ing those receiving synthetic or biologic DMARDs, have an
inadequate control of the disease (Taylor et al. 2018). Fail-
ure to achieve a therapeutic response cannot be explained
by a single cause due to the influences of genetic charac-
teristics, comorbidities, disease characteristics (Vasconce-
los and Faria 2012) and transporter molecules involved in
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the therapeutic resistance (Nigam 2014; Silva et al. 2015).
P-glycoprotein (P-gp) is a protein transporter that belongs to
the ABCB subfamily encoded in humans by the MDR1 gene
(Juliano and Ling 1976; Silva et al. 2015). The overexpres-
sion of P-gp on lymphocytes is associated with resistance to
drugs in RA and systemic lupus erythematosus (SLE). (Tsu-
jimura et al. 2008; Kansal et al. 2015). The overexpression
of P-gp on the membrane of lymphocytes in patients with
moderate or severe disease activity despite treatment has
been described (Tsujimura et al. 2008, 2010, 2017; Agarwal
et al. 2009; Prasad et al. 2014). However, the determina-
tion of P-gp expression on the cell membrane is used only
for research studies, and it is not feasible for the clinical
practice because of the associated costs, availability, and
technical expertise. Therefore, the quantification of soluble
P-gp in sera can be performed by ELISA (Perez-Guerrero
et al. 2018), which could facilitate the evaluation of P-gp in
clinical practice.

Recently, our group described an association between
elevated P-gp level and disease activity resistant to immu-
nosuppressive drugs, including mofetil mycophenolate and
azathioprine (Perez-Guerrero et al. 2018). Nevertheless,
currently, there is no information regarding whether P-gp
levels can be used as a marker of therapeutic resistance in
RA receiving DMARD:s. This information could be useful
for clinicians in identifying a marker of therapeutic resist-
ance with the aim of facilitating clinical decision-making.
Therefore, the objective of the present work was to evaluate
the utility of elevated serum P-gp as a risk marker of thera-
peutic failure in RA treated with DMARDs.

Materials and methods
Study design
Cross-sectional study.
Clinical setting

This study included patients with RA from an outpatient
rheumatology clinic of a secondary-care hospital [Hospital
General Regional 110, Instituto Mexicano del Seguro Social
(IMSS)] in Guadalajara, Mexico. Additionally, as healthy
controls (HCs), 30 clinically healthy females were recruited
as blood donors; these donors were similar to the patients in
age (> 18 years), and similar exclusion criteria were applied.

Patients and methods
All RA patients met the 1987 ACR criteria (Arnett et al.

1988) along with the following inclusion criteria: (1) age
of 18 years or older; (2) currently treated with DMARDs
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at a stable dosage during the 6 months prior to the study
onset; and (3) considered to have active disease at the time
of starting DMARD treatment, with a disease activity score
(DAS)28 >5.2. We excluded patients with an overlapping
syndrome (characteristics of two autoimmune connective
tissue diseases present in the same patient), pregnancy, ante-
cedents of cancer, epilepsy, chronic viral infections (hepatitis
C or B virus or human immunodeficiency virus), or acute
bacterial, viral, or fungal infections. We excluded patients
who were taking a drug acting as a P-gp inhibitor (includ-
ing analgesics, antiarrhythmics, calcium channel blockers,
cyclosporine A, tacrolimus, sirolimus, sertraline, paroxetine,
fluoxetine, ketoconazole, and progesterone).

Clinical assessment

A structured interview was performed to evaluate epidemio-
logical and clinical variables. Disease activity was assessed
in all RA patients using the combined DAS28-erythrocyte
sedimentation rate (ESR) score (Prevoo et al. 1995). All
the included RA subjects were categorized into two groups
on the basis of the therapeutic response, as measured by
DAS28: group 1, RA patients with a therapeutic response
[achieving low disease activity (DAS28 <3.2-2.6) or
remission (DAS28 <2.6) after a sustained treatment with
DMARD:s for at least 6 months]; group 2, RA subjects with
persistent DAS28 > 3.2 after 6 months of sustained treatment
with DMARD:s.

Serum determinations of P-gp levels

Peripheral blood samples were collected from patients and
controls in the morning. Serum samples were frozen at
—20 °C until determination of the P-gp level. All these sam-
ples were coded before P-gp level quantification to minimize
measurement bias. P-gp measurements were determined
by the same researcher, who was unaware to any clinical
characteristics and groups. P-gp levels were determined by
ELISA (MyBioSource, Inc., San Diego, CA, USA).

Other laboratory determinations

The ESR was determined by the Westergren method,
whereas the C-reactive protein (CRP) and rheumatoid fac-
tor (RF) titles were measured using nephelometry. Our labo-
ratory applied the following reference values: positive RF
> 12 IU/mL and CRP > 10 mg/L.

Statistical analysis
Quantitative variables are shown as the mean + standard

deviation (SD) and qualitative variables as frequencies
and proportions (%). Bivariate comparisons of quantitative
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variables between (a) RA patients and HCs or (b) RA with
versus without a therapeutic response were performed using
the statistical Student’s ¢ test. For comparisons of propor-
tions, we used the Chi-square test (or Fisher exact test). For
identifying the strength of the correlation between the P-gp
level, DAS28 and other quantitative variables we used Pear-
son test.

To estimate the utility of elevated P-gp level for detecting
patients at risk for therapeutic failure with DMARDs, we
computed the sensitivity, specificity, and predictive values.
To build the tetrachoric tables used for computing utility
values, the first step was to identify the patients with an
elevated P-gp level. We computed the terciles of the serum
P-gp values in RA patients. We arbitrarily considered the
higher tercile (> 142 ng/mL) as representing patients with
a high P-gp level.

Sensitivity was considered as the probability of observing
a high P-gp level (> 142 ng/mL) in RA subjects who did not
achieve a therapeutic response. Specificity was considered
as the probability of observing a non-elevated P-gp level in
patients who achieved a therapeutic response. The positive
predictive value (PPV) was identified as the probability of
a therapeutic response failure in RA subjects with a high
P-gp level (> 142 ng/mL), and the negative predictive value
(NPV) was considered as the proportion of non-therapeutic
response in RA patients with low P-gp level. Additionally,
we computed the odds ratios (ORs) and their 95% confi-
dence intervals (95% Cls) for the risk of elevated P-gp levels
in RA developing DMARD treatment failure.

To adjust for confounders, we used multivariate logis-
tic regression analysis. We built the models using failure
to respond to DMARDs (dependent variable) including as
covariates all the variables with a statistical significance
(» <0.20) in the bivariate analysis. We included in all the
models an adjustment by age and disease duration. The
results of the forward method are presented as adjusted ORs
and the corresponding 95% Cls.

We included multiple regression models to assess those
characteristics related with the P-gp level. As covariates,
we introduced variables that were significantly correlated
with the P-gp level according to the Pearson test (p <0.20)
or have biological plausibility for explaining the P-gp level.
The results of the forward method are presented. Statistical
significance was considered at the 0.05 level. We used for
the statistical analyses the IBM SPSS software ver. 23 (Sta-
tistics/IBM Corp., Chicago, IL, USA).

Ethics

We followed the recommendations described by the 64th
Declaration of Helsinki to conduct this study. The study pro-
tocol was in accordance with the lineaments of the Ethics
and Research Board of our Hospital (UMAE Centro Medico

Nacional de Occidente del Instituto Mexicano del Seguro
Social 13-01). Approval code: R-2014- 1301-77. All the par-
ticipants signed voluntary written informed consent before
the study onset.

Results

One hundred and fifty-one patients with RA and thirty blood
donors without chronic diseases were initially compared.
Data not shown in tables indicated that the RA patients were
similar in age (58.01 +13.26 years vs. 55.07 +9.88 years;
p=0.89), weight (66.48 +11.45 kg vs. 64.75+11.73 kg;
p=0.46), height (154.82 +5.68 cm vs. 156.60 +6.03 cm;
p=0.46), and smoking proportion (9.7% vs. 13.3%;
p=0.49). RA patients had significantly higher serum
P-gp levels than did the HCs (158.70+ 182.71 ng/mL vs.
14.12 +8.97 ng/mL, p <0.001).

Table 1 shows the general characteristics of the patients
with RA included in the study. These patients had a mean
age of 58 years and a mean disease duration of 12.7 years.
Approximately, 39% of RA patients achieved a response
after 6 months of treatment with DMARDs; consequently,
61% of the patients included did not achieve a therapeu-
tic response to DMARDs. Methotrexate was the DMARD
most commonly used in these patients (57.6%), followed by
sulfasalazine (33.8%) and leflunomide (32.5%); only 8.6%
of patients were treated with biologic DMARDs. Fifty-
three percent of the patients were treated with a combina-
tion of two synthetic DMARDs, and 10.6% of RA patients
were treated with a combination of three or more synthetic
DMARD:s.

Table 2 shows the correlations between the serum P-gp
level and other variables. The P-gp levels were positively
correlated with the DAS28 score (r=0.39, p<0.001),
swollen joint count (r=0.22, p=0.01), painful joint count
(r=0.37, p<0.001), and patients’ global health on the visual
analog scale (r=0.22, p=0.01). The P-gp level was not cor-
related with acute-phase reactants (ESR or CRP), age, or
disease duration.

RA patients with DMARD failure had higher serum
P-gp levels than patients with a therapeutic response
(206 +21.47 ng/mL vs 120.60+15.70 ng/mL; p=0.001).
RA patients with DMARD failure were being treated with
slightly higher prednisone doses at the time of the study,
and this difference was significant (6.80+ 3.82 mg/day vs
5.65 +£2.08 mg/day; p=0.04). Other variables, including
age, disease duration, and specific DMARDs, were not dif-
ferent between RA patients with and without DMARD fail-
ure. These results are shown in Table 3. Data not shown in
tables revealed similar P-gp levels in patients treated with 1,
2 and >3 DMARD:s (p =0.48). Differences in the P-gp level
were not observed between patients treated with anti-TNF-a
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Table 1 Clinical characteristics of RA patients

Variable AR (n=151)
Age, years (mean +SD) 58.00+9.82
Female, n (%) 151 (100)
Active smokers, 1 (%) 6(8.3)
Disease duration, years (media+ DE) 12.72 +8.80
DAS28, score (mean + SD) 3.80+1.37
RA patients with response to DMARDs, n (%) 59 (39.1)
RA patients with failure to DMARDs, n (%) 92 (60.9)
ESR, mm/h (mean + SD) 28.66+13.32
CRP, mg/dL (mean+SD) 25.44+27.24
Positive RF, n (%) 81 (53.6)
Current DMARDs therapy
Methotrexate, n (%) 87 (57.6)
Sulfasalazine, n (%) 51 (33.8)
Leflunomide, n (%) 49 (32.5)
Others DMARDs, n (%) 46 (30.46)
Anti-TNFa agents, n (%) 13 (8.6)
Glucocorticoids, n (%) 149 (98.67)
RA patients with 2 synthetic DMARDs 80 (53.0)
RA patients with >3 synthetic DMARDs 16 (10.6)
Glucocorticoid doses, mg/day (mean +SD) 6.35+3.29

Other DMARD:s included: azathioprine n=22 (14.6%), chloroquine
n=16 (10.6%), n=8 (5.3%). Glucocorticoid included: prednisone
n=91 (61.6%) and deflazacort n=>58(38.4%). Anti-TNFa agents
included: Etanercept n=12 (7.9%) and adalimumab n=1 (0.6%). RA
patients with response to DMARDs: Patients with low disease activ-
ity or remission after treatment with DMARDs by a minimum of
6 months RA patients with failure to DMARDs: Patients with failure
to achieve the target of therapeutic response, defined as DAS28 >3.2
after 6 months of treatment with DMARDs

RA Rheumatoid Arthritis, DAS28 Disease Activity Score 28,
DMARDs disease-modifying antirheumatic drugs, RF Rheumatoid
factor, ESR Erythrocyte sedimentation rate, CRP C-reactive protein

agents and patients not treated with biologic DMARDs
(p=0.78).

Sensitivity, specificity, and predictive values
of serum P-gp level and risk of therapeutic failure

Data not shown in tables revealed that the presence of
P-gp > 142 ng/mL had a sensitivity of 78%, specificity of
48%, NPV of 81.36%, and PPV of 43.48% for discrimi-
nating patients with an inadequate therapeutic response to
DMARDs. Moreover, higher P-gp levels increased the risk
of DMARD failure (OR 3.36, 95% CI 1.54-7.27, p=0.001).

Multivariate assessment of variables associated
with DMARD therapeutic failure

Table 4 shows the results of the logistic regression analy-
sis used for identifying factors associated with DMARD
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Table2 Correlations between P-gp serum levels and select clinical
variables

Variables r )4
(n=151)

Age, years 0.05 0.55
Disease duration, years -0.03 0.71
DASZ28, score 0.39 < 0.001
Glucocorticoid doses, mg/day 0.01 0.93
ESR, mm/h 0.03 0.74
CRP, mg/dL 0.03 0.36
RF, UI/mL -0.02 0.80
Painful joints count 0.22 0.010
Tender joints count 0.37 < 0.001
Deteriorated Patient global health 0.22 0.010

Glucocorticoid doses included: prednisone doses or deflazacort doses
expressed as equivalent prednisone doses. Pearson correlation test
p<0.05

P-gp P-glycoprotein, RA Rheumatoid arthritis, DAS28 Disease Activ-
ity Score 28, RF Rheumatoid factor ESR Erythrocyte sedimentation
rate, CRP C-reactive protein

failure. After adjusting for age, disease duration, and anti-
TNF agents, P-gp> 142 ng/mL (OR 2.64, 95% CI 1.29-5.40,
p=0.01) and the glucocorticoid dose (OR 1.20, 95% CI
1.01-1.41, p=0.03) remained associated with DMARD
failure.

We then performed a multivariate multiple regression
analysis. After adjusting for age, disease duration, and glu-
cocorticoid dose, the P-gp level remained associated with
the DAS28 score (B coefficient: 52.68, 95% CI 32.59-72.76,
p<0.001). These data are not shown in tables.

Discussion

This work revealed a strong relation between elevated serum
P-gp and failure to DMARDs in RA patients. A high P-gp
level was associated in the multivariate analysis with a three-
fold greater risk of DMARD failure independent from the
glucocorticoid dose.

Several studies have observed an association between
an overexpression of P-gp on the membrane of leukocytes
and disease activity assessed by DAS28 in RA subjects
(Tsujimura et al. 2008, 2010; Agarwal et al. 2009; Prasad
et al. 2014). Nevertheless, this is the first study to evaluate
the clinical value of elevated serum P-gp as a biomarker
for an increased risk of failure to achieve a therapeutic
response to DMARDs. Some reports have associated the
elevated serum P-gp level with the expression of this trans-
porter on the membrane surface (Chu et al. 1994; Chiam-
panichayakul et al. 2010). Kato et al. observed that P-gp is
transported to the serum by exosomes (Kato et al. 2015).
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Table 3 Comparison of clinical variables between RA patients with response to DMARDSs vs RA patients with failure to DMARDs

Variable
(DAS28<3.2) n=59

RA patients with response to DMARDs

RA patients with failure to DMARDs p
(DAS28>3.2) n=92

Age, years (mean + SD) 58.47+9.85
Disease duration, years (mean+ SD) 12.58 +£9.59
Active smokers, n (%) 6(10.2)
RF positive, n (%) 32 (60.4)
Current DMARDs therapy
Methotrexate, n (%) 34 (58.6)
Sulfasalazine, n (%) 21 (36.2)
Leflunomide, n (%) 18 (31.0)
Others DMARDs, n (%) 19 (32.8)
Anti-TNF agents, n (%) 4(6.9)
2>DMARDS 35(59.3)
Glucocorticoids use, n (%) 57(92.1)
Glucocorticoid doses, mg/day 5.65+2.08

P-gp, ng/mL (mean =+ SD) 120.60+15.70

57.69+9.84 0.63
12.81+8.32 0.87
8(8.9) 1.00
49 (63.6) 0.71
53 (59.6) 1.00
30 (33.7) 0.85
31 (34.8) 0.72
28 (31.5) 1.00
9 (10.1) 0.56
45(48.9) 0.24
89 (96.7) 1.00
6.80+3.82 0.04
206+21.47 0.001

Anti-TNFo agents included: Etanercept and adalimumab. Glucocorticoids included: Prednisone or deflazacort. Glucocorticoid doses included:
Prednisone doses or deflazacort doses expressed as prednisone equivalent doses. RA patients with response to DMARDs: Patients with low dis-
ease activity or remission after treatment with DMARDs by a minimum of 6 months. RA patients with failure to DMARDs: Patients with failure
to achieve the target of therapeutic response, defined as DAS28>3.2 after 6 months of treatment with DMARDs. Other DMARD:s included:
azathioprine, chloroquine. Comparisons between proportions were compared with Chi-square or Fisher exact test (when required). Comparisons
between means were evaluated with Student’s 7 test for independent samples

RA Rheumatoid Arthritis. DMARD:s disease-modifying antirheumatic drugs, P-gp P-glycoprotein

Table 4 Factors associated with failure to DMARDs

Variables Odds ratio 95% CI p
High P-gp serum levels 2.64 1.29-5.40 0.01
Equivalent Prednisone  1.20 1.01-1.42 0.03

doses, mg/day

Not relevant for the
model

Age, years

Not relevant for the
model

Use anti-TNFa agents

Not relevant for the
model

Disease duration, years

Failure to DMARDs: including patients with failure to achieve the
target of therapeutic response defined as DAS28>3.2 for at least
6 months. Anti-TNFa agents included: Etanercept and adalimumab-
This model was adjusted by age, disease duration, prednisone doses
and use of anti-TNFa agents. Covariates included in the model were
those that in the univariate analysis obtain a p value <0.20 and those
that considered with biological plausibility to treatment failure

DMARDs disease-modifying antirheumatic drugs, P-gp P-glycopro-
tein

Chiampanichayakul et al. reported the use of monoclonal
antibodies directed against surface P-gp and soluble P-gp,
demonstrating that these autoantibodies are useful for iden-
tifying leukemia patients with P-gp expressed on the cell
membrane (Chiampanichayakul et al. 2010). Currently,
serum P-gp levels can be quantified by ELISA, and we have

identified a relation of serum P-gp level with therapeutic
resistance in SLE (Perez-Guerrero et al. 2018).

Studies evaluating P-gp expression on the surface of the
cell membrane are limited in their applicability to regular
clinical assessments by being requiring a hospital with ade-
quate equipment and technical training. Serum P-gp quan-
tification by ELISA might serve as an adequate strategy
regarding cost, availability, and clinical value for identifying
patients at risk for failing to achieve a therapeutic response
to treatments for RA. To the best of our knowledge, this
is the first study to assess the clinical value of P-gp in RA
patients with therapeutic failure. According to our results,
elevated P-gp has a sensitivity of 78% for detecting patients
with therapeutic failure and confers a threefold greater risk
of therapeutic failure.

Our results revealed an association between the serum
P-gp level and more active disease in RA. These findings are
in accordance with those of several works that have identi-
fied P-gp is overexpressed on the cell membrane of lym-
phocytes (Tsujimura et al. 2008, 2010, 2017; Agarwal et al.
2009). Moreover, similar to our findings, other authors have
observed a correlation of P-gp overexpression and increased
DAS28 scores (Tsujimura et al. 2008, 2010, 2017; Agarwal
et al. 2009). Additionally, this overexpression of P-gp on the
surface of the cell membrane is associated with resistance
to DMARDs and glucocorticoids (Tsujimura et al. 2008;
Agarwal et al. 2009).
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In vitro, glucocorticoids can stimulate the expression of
P-gp (Bauer et al. 2004; Callaghan et al. 2008). Kansal et al.
have reported that high glucocorticoid doses are associated
with increased P-gp expression (Kansal et al. 2015). Com-
pared with previous studies, in this work, a high rate of RA
subjects received low doses of corticosteroids. Even with
these low corticosteroid doses, the dose of prednisone was
related with the P-gp level in the multivariate analysis.

Our study has several limitations. First, since this is the
first study to assess the clinical value of the serum P-gp level
in terms of the risk of DMARD therapeutic failure, we have
no other studies with which to evaluate the consistency of
our findings; thus, we supported our findings with previously
described observations of P-gp membrane expression. New
studies with clinical objectives evaluating P-gp serum levels
are required. Second, since this was a cross-sectional work
of RA individuals with different disease durations, we were
unable to calculate relative risk, a strong measure for iden-
tifying the conferred risk of therapeutic failure. Therefore,
future studies should be performed using prospective cohorts
of subjects with early RA to identify the risk of long-term
failure in patients starting DMARD treatment.

Some P-gp inhibitors have been evaluated as adjuvants for
the treatment of cancer (Binkhathlan and Lavasanifar 2013).
Among RA patients, Suzuki et al. observed that after low
doses of tacrolimus or cyclosporine, a small sample of RA
refractory to DMARDs achieved improved disease activ-
ity after 2 weeks of treatment with P-gp inhibitors (Suzuki
et al. 2010). These interesting data are promising for fur-
ther studies evaluating whether other P-gp inhibitors, such
as fluoxetine or verapamil, might be used to improve the
clinical response.

Conclusion

In conclusion, the serum P-gp level is associated with the
failure to achieve a therapeutic response to DMARDs in RA
patients. Although multiple factors are associated with this
failure, with this knowledge, the P-gp level can be consid-
ered an useful clinical tool, as this level can be modified.
Further studies are needed to identify the consistency of our
findings and determine the potential clinical utility of P-gp
inhibitors in RA subjects who fail to achieve a response to
conventional therapies.
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