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Purpose:Nearly a third to half of patients with noninfectious uveitis (NIU) fail to achieve
control with immunomodulatory therapy (IMT).Multidrug resistance (MDR) proteins are
transmembrane proteins that allow efflux of intracellular drugs, leading to drug resis-
tance. The aim of our study was to compare MDR protein function in blood CD4+ cells
between responders and nonresponders to IMT.

Methods: We included NIU patients on IMT for ≥6 months and corticosteroid dose
≤10mg/d. Nonresponders to treatment were thosewithworsening (two ormore steps)
of inflammation in the past 3 months on full-dose immunosuppressive therapy. MDR
function was assessed by Rhodamine-123 dye retention in blood CD4+ cells. Three
nonresponders were treated with adjunctive oral cyclosporine A (CSA, MDR inhibitor)
therapy for 2 months and reevaluated.

Results: Fourteen NIU patients were recruited. Most (n = 8) had Vogt-Koyanagi-Harada
disease. These included nine nonresponders and five responders to IMT. Nonresponders
produced significantly higher MDR function and proinflammatory cytokines (interferon
γ , tumor necrosis factor α, interleukin 17, and Granulocyte Macrophage Colony Stimu-
lating Factor (GM-CSF)) than responders. In vitro CSA treatment of CD4+ cells inhib-
itedMDR expression and proinflammatory cytokine production while increasing Foxp3.
Finally, adjunctive oral CSA therapy led to improvement in clinical inflammatory scores
with a concurrent decrease in MDR function and proinflammatory cytokine secretion.

Conclusions: MDR function is significantly higher in CD4+ T cells of nonresponders to
IMT. Adjunctive CSA therapy may decrease MDR function and allow improvement in
treatment response to IMT.

Translational Relevance: Our study highlights the need for MDR inhibition strategies
in NIU patients not responding to IMT for improving the efficacy of anti-inflammatory
therapy.

Introduction

Uveitis is a broad term used to describe inflamma-
tion of internal structures of the eye. Long-standing
uveitis can lead to visual impairment, comparable
in magnitude to diabetic retinopathy.1 Uveitis can
be of noninfectious or infectious etiology. Noninfec-
tious uveitis (NIU) is treated primarily with corti-
costeroids (local and/or systemic) often in conjunc-
tion with immunomodulatory therapy (IMT). The

latter includes conventional drugs (antimetabolites,
calcineurin inhibitors, and alkylating agents) and
biologics. While corticosteroids remain the mainstay
of therapy in most patients with NIU, they are gener-
ally not tolerated for long-term treatment because of
their side effect profile. IMT is essential for reducing the
incidence of structural and functional complications of
different forms of uveitis at tolerable doses of corti-
costeroids.2–4 The recent Multicenter Uveitis Steroid
Treatment Trial 7-year follow-up study also demon-
strated the utility of IMT (conventional and biologic)
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in controlling inflammation, reducing macular edema,
and improving visual outcomes.5 Nonetheless, only
36% to 61% of patients on conventional IMT achieve
corticosteroid sparing (prednisolone <10 mg/d).3 This
is significant since recurrent episodes of inflamma-
tion due to inadequate IMT can result in cumulative
damage to the eye and subsequent visual loss.5 Thus,
there is an urgent need to identify mechanisms of resis-
tance to IMT in patients with NIU and strategies to
overcome such resistance.

Multidrug resistance (MDR) can be caused by a
wide range of mechanisms, including reduced uptake
and increased efflux by drug transporters and alter-
ations in a variety of cellular functions.6 Among the
transporter proteins are 2 major superfamilies: the
solute carrier transporters and the adenosine triphos-
phate (ATP)–binding cassette (ABC) transporters.
ABC transporter proteins are transmembrane efflux
proteins that extrude both endogenous and exoge-
nousmolecules (including therapeutic drugs) from cells
through ATP hydrolysis.7,8 This reduces the intra-
cellular concentration and thereby clinical efficacy
of therapeutic agents. The most clinically significant
substrates of these transporter proteins are anticancer,
antiviral, and anti-inflammatory drugs. At least 48
members of ABC transporters have been identified
in humans, although only select ones are gener-
ally linked to MDR.9 These include P-glycoprotein
(P-gp or MDR1), multidrug resistance associated
protein 1 (MRP1 or ABCC1), MRP3, MRP4, and
breast cancer resistance protein (BCRP or ABCG2).
Although conventionally, each transporter is linked
to a specific set of substrates and vice versa, recent
studies have revealed overlapping substrate specifici-
ties between individual transporters not only within a
given superfamily (eg, ABC) but also between super-
families.7 The most commonly studied among these
transporters is P-gp, and its most prominent anti-
inflammatory substrates are corticosteroids. The drugs
used for conventional IMT in patients with uveitis,
such as methotrexate, azathioprine, mycophenolate,
and cyclosporine, have been linked to different MDR
proteins, although not all are substrates of P-gp.10
Methotrexate is a substrate of MRP1 and MRP3,11
although it has also been linked to P-gp (MDR1) in
leukemic cell lines.12 Azathioprine sensitivity has been
linked to both MDR1 andMRP4 polymorphisms.13,14
Cyclosporine A (CSA) is not only a substrate of
P-gp and other MDR proteins8 but also a broad-
spectrum inhibitor of different MDR proteins, includ-
ing P-gp and MRP1.15 Despite such extensive knowl-
edge on the link between MDR proteins and thera-
peutic efficacy of anti-inflammatory drugs, to our
knowledge, very limited attempts have been made to

evaluate their role in the management of uveitis or
ocular inflammation.16

The expression of MDR proteins on immune
cells is measured by staining with specific antibodies
and flow cytometry, while their function is measured
with Rhodamine-123 (Rh-123), a fluorescent dye that
passively enters cells and is extruded by the MDR
drug efflux pumps.17 Lower is the intracellular concen-
tration of Rh-123 (as measured on flow cytometry),
and higher is the function of drug efflux pumps.
While most Rh-123 studies have been done for P-
gp function, the dye also binds to multiple sites on
MRP1,18 and it has been used for kinetic studies
of MRP1 function as well.19 Thus, Rh-123 efflux
studies provide a broad functional overview of multi-
ple MDR/efflux transporter proteins. In this study, we
have used Rh-123 efflux to compare MDR function in
CD4+ T cells between clinical responders and nonre-
sponders to conventional IMT for NIU and demon-
strated the utility of MDR inhibitor CSA in inhibiting
MDR function and improving the therapeutic efficacy
of IMT in patients with NIU.

Materials and Methods

Patients and Samples

The study was approved by the institutional review
board of L V Prasad Eye Institute, Bhubaneswar,
India (Study #2017-110-IM-20), and conducted in
compliance with the Declaration of Helsinki. Written,
informed consent was obtained from the patients after
explanation of the nature and possible consequences
of the study. This was a pilot study since there is
no previous literature on role of MDR proteins in
uveitis. We included patients with NIU on IMT for
≥6 months and corticosteroid dose ≤10 mg/d. Patients
were evaluated in the uveitis clinic of the institute.
All had been thoroughly investigated for ocular and
systemic manifestations of uveitis (including internist
evaluation) and undergone tailored laboratory inves-
tigations depending on the clinical manifestations.
All patients were initially treated with corticosteroids
(local and/or systemic), depending on the anatomical
location and severity of the disease. IMT was initi-
ated based on severity, chronicity, systemic manifesta-
tions, and prolonged need for or intolerance to corti-
costeroid therapy.20 In this study, we only included
patients who received treatment with either methotrex-
ate or azathioprine, the two most common IMTs in
our clinic. We excluded patients on mycophenolate,
cyclosporine, or cyclophosphamide IMT since these
are used infrequently in our clinic due to high cost,
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relatively poor efficacy, and high toxicity, respectively.
Nonresponders to treatment were those with worsen-
ing (increase in two or more steps) aqueous or vitreous
inflammation or the appearance of new chorioretinal
lesions in the past 3monthswhile on full-dose immuno-
suppressive therapy (20mg/wk formethotrexate and 2–
3 mg/kg/d for azathioprine). The responders were also
on their highest dose of IMT at the time of sampling.
The highest dose was at least 15 mg/wk for methotrex-
ate and 2 mg/kg/d for azathioprine. Those meeting
the inclusion criteria (responders and nonresponders)
and consenting to the study (written, informed) were
referred to the biochemistry service where peripheral
venous blood was collected in EDTA.

T-Cell Isolation

Whole blood was used to collect peripheral blood
mononuclear cells (PBMCs) by Ficoll density gradi-
ent centrifugation. Total memory CD4+ and CD8+
T cells were isolated from PBMCs by negative selec-
tion, according to the manufacturer’s protocol (Stem
Cell Technologies, Vancouver, Canada). CD14+ and
CD16+ cells were separated using commercially avail-
able monocyte isolation kits (Stem Cell Technologies).

MDR1 Functional Assay

PBMCs from the patients were washed in
phosphate-buffered saline (PBS) and then incubated
for 30 minutes in ice in the dark with Rh-123
(1 μM/mL). The cells were then washed twice with
RPMI-1640 and incubated at 37°C for 2 hours. Then,
cells were again washed with complete medium and
PBS. Washed cells were stained for various cell surface
markers such as CD3 PeCy7, CD4 APC, CD8 V500,
CD14 BV421, and CD APC eflour 780 (all BD BD
Biosciences, San Jose, CA). After staining, cells were
washed twice in FACS buffer (1% fetal bovine serum–
PBS) and acquired immediately by CytoFLEX S
(Beckman Coulter, Indianapolis, IN) and analyzed by
CytExpert Software, Beckman Coulter, Indianapolis,
IN.

T-Cell Intracellular Cytokine Assay and CSA
Treatment

MemoryCD4+ T cells were stimulatedwith phorbol
12-myristate acetate (PMA) (50 ng/mL) and ionomycin
(1 μg/mL) for about 10 hours, with the last 4 hours
with 10 μg/mLBrefeldin A and 2 μMmonensin at 37°C
and 5% CO2. In some instances, cells were first treated
with CSA (1 μM) for 1 hour before PMA/Ionomycin

treatment. After 10 hours, cells were fixed and perme-
abilized with the Foxp3 staining kit (eBioscience, San
Diego, CA), according to the manufacturer’s proto-
col. The following antibodies were used: interferon-
γ (IFN-γ ) FITC, interleukin (IL) 17–Alexa Fluor
647, tumor necrosis factor α (TNFα)–Alexa Fluor700,
Granulocyte Macrophage Colony Stimulating Factor
(GM-CSF) PECF594, IL-2 BV510, IL-10 PE, Foxp3
APC, RORγ c PE, and PD1 BV605 (all eBioscience).
Stained cells were acquired by CytoFLEX S (Beckman
Coulter) and analyzed with the CytExpert Software.

Standard-Dose Adjunctive Cyclosporine
Therapy

CSA is known to be a broad-spectrum inhibitor
of MDR proteins and is also a commonly used drug
for IMT in the management of NIU. Three of the
nonresponders enrolled into the study were managed
by additional treatment with oral CSA (Psorid, Biocon
Ltd., Bangalore, India) 100 mg twice daily for at least
2 months while being continued on treatment with the
maximal dose of their earlier IMT (methotrexate or
azathioprine). After 2 months of oral CSA therapy,
peripheral venous blood was collected and subjected to
Rh-123 and intracellular cytokine assays, as described
above.

Statistical Analysis

Statistics were performed using paired and unpaired
Student’s t-tests to compare two groups. All statistics
were performed on Prism 5.0 (GraphPad, La Jolla, CA)
software. Results were expressed as mean ± SEM. P <

0.05 was considered significant.

Results

Patient Profiles

We recruited 14 patients with NIU. All patients
were diagnosed with different forms of panuveitis. The
patient details are available in the Table. Most of
these patients (n = 8) were diagnosed Vogt-Koyanagi-
Harada (VKH) disease. The remaining were diagnosed
with sarcoidosis (n= 3), HLA-B27–associated anterior
uveitis (n = 2), and idiopathic multifocal choroidi-
tis with panuveitis (n = 1). Eight of these patients
were under treatment with methotrexate and six with
azathioprine. The mean duration of treatment for
methotrexatewas 9.6± 5.8months and that of azathio-
prine was 13.2 ± 8.8 months. Nine patients were
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Table. Patient Profiles and Treatment Details of Responders and Nonresponders to Immunomodulatory Therapy

Characteristic Responders (n = 5) Nonresponders (n = 9)

Age, median (range), y 45 (27–61) 46 (24–66)
Clinical diagnosis
Vogt-Koyanagi-Harada disease 3 5
HLA-B27 anterior uveitis 0 2
Sarcoidosis 2 1
Idiopathic multifocal choroiditis with panuveitis 0 1

Immunomodulatory therapy
Methotrexate 2 4
Azathioprine 3 5

Duration of treatment, median (range), mo 9.5 (6–48) 11 (6–25)

diagnosed as nonresponders and five as responders
based on criteria described above.

Nonresponders Express High MDR on
Peripheral CD4+ T Cells

We first compared the MDR function between
CD4+, CD8+, CD14+, and CD16+ cells (Supplemen-
tary Fig. S1) in peripheral circulation of patients
with NIU. We found a significant difference in MDR
function only on CD4+ T cells but not on other cells
of PBMCs. Next, we correlated the MDR function
on CD4+ T cells to the clinical response to IMT in
NIU patients. The patients were classified as respon-
ders or nonresponders, as per criteria described above.
We found that nonresponders (n = 9) had significantly
higherMDR function on their CD4+ T cells compared
with responders (n = 5) (Fig. 1A). However, no signifi-
cant difference was noted amongCD8+ T cells between
the two groups (Fig. 1B).We also tested a control group
without uveitis (n = 3) and another group with uveitis
(n = 3, all HLA-B27–associated uveitis) but no treat-
ment. We found comparable MDR function in both
groups, suggesting that the baseline MDR function
prior to initiation of IMT is low in patients with uveitis
(Supplementary Fig. S2). As discussed earlier, the Rh-
123 assay measures functions of not only P-gp but
also MRP1, thus providing us a broad overview of the
MDR function in the given cell population.

CD4+ T Cells of Nonresponders Are Highly
Proinflammatory in Nature

Next, we investigated if nonresponders to IMT also
differ from responders in the intracellular cytokine
secretion in peripheral CD4+ T cells. We analyzed

Figure 1. CD4+ T cells of nonresponders have high MDR protein
function. T cells of patients with NIU from responders (n = 5) and
nonresponders (n = 9) were stained with Rhodamine 123(Rh-123),
and after 2 hours, cells were analyzed for the Rh123+(MDR–) and
Rh123–(MDR+). (A, B) Nonresponder CD4+ T cells have higher MDR1
function as compared to responders. (C, D) Even thoughCD8+ T cells
had ahigherMDR function than theCD4+ T cells, therewas no signif-
icant difference in the CD8+ T cells from both groups. P < 0.05 was
considered significant. **P < 0.01.

the cytokine profile of ex vivo stimulated memory
CD4+ T cells from patients with NIU. This revealed
that both IL-17A– and IFNγ -producing as well as
IL-17A/IFNγ dual-producing cells were significantly
elevated in nonresponders (n = 6) compared to the
responders (n = 4) (Figs. 2A, 2B). Not surprisingly,
the regulatory cytokine IL-10 was higher among the
responder CD4+ T cells, although not statistically
significant (P = 0.062) (Figs. 2C, 2D). To summarize,
the IMT nonresponder memory CD4+ T cells not only
have highMDR function but are also highly proinflam-
matory.
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Figure 2. Proinflammatory CD4+ T cells exist predominantly
in nonresponders to IMT. CD4+ T cells were stimulated with
PMA/ionomycin for 10 hours and then stained for surface and intra-
cellular cytokines. First, cells were gated on TNFα+ GM-CSF+ (data
not shown) and then analyzed for IL-17 and IFNγ . (A, B) Nonrespon-
ders (n = 6) had very high IL-17+ and IL-17+ IFNγ + double-positive
cells, although surprisingly, responders (n = 4) had high IFNγ +

cells. (C, D) Even though there was a difference in anti-inflammatory
cytokine IL-10, it was not statistically significant (P = 0.06). P < 0.05
was considered significant. **P < 0.01.

CSA Selectively Inhibits the MDR and
Proinflammatory Cytokines but Increases
FOXP3 in Peripheral CD4+ T Cells of Patients
with Uveitis

To study whether CSA inhibits the proinflamma-
tory cytokines by inhibiting the MDR overactivity, we
treated the memory CD4+ T cells from the nonrespon-
ders (n = 6) with CSA (1 μg/mL for 1 hour) follow-
ing activation with PMA-ionomycin. CSA significantly
decreased the MDR function in CD4+ T cells (Figs.
3A, 3B). Concurrently, the intracellular proinflamma-
tory cytokines IFNγ , IL-17, GM-CSF, and TNFα

were also reduced upon CSA treatment (Figs. 3C, 3D),
but we did not see a significant reduction in the basic T-
cell cytokine, IL-2. Further, the transcription factor for
T-regulatory cells, FOXP3, was significantly increased
in the CSA-treated population (Figs. 3E, 3F). This
strongly suggests that CSA not only inhibits inflam-
matory cytokine synthesis but also inhibits the MDR
function and makes T cells sensitive to IMT treatment.

Adjunctive Oral CSA Can Reduce MDR
Function and Improve Clinical Response to
IMT Therapy

To study the adjunctive effect of CSA in nonrespon-
ders to IMT, we isolated and stimulated the CD4+ T

Figure 3. CSA selectively inhibits proinflammatory cytokines and
MDR1 function in vitro. (A, B) A total of 1 μg/mL CSA treatment to
memory CD4+ T cells from nonresponders (n = 3) to IMT inhibited
MDR1 function significantly. (C, D) CSA significantly inhibited the
proinflammatory cytokines such as IFNγ , IL-17, TNFα, and GM-CSF
but not the survival cytokine IL-2. (E, F) Not surprisingly, FOXP3 levels
increased with CSA treatment. P < 0.05 was considered significant.
**P < 0.01. ***P < 0.001. ****P < 0.0001.

cells before and after treatment with oral CSA 100 mg
twice daily for at least 2 months. All three patients were
diagnosed with VKH disease and were under azathio-
prine therapy (2–3mg/kg body weight daily) at the time
of initiation of adjunctive CSA therapy. Following
adjunctive CSA therapy, they had complete resolution
of intraocular inflammation (as recognized by anterior
chamber reaction in recurrent VKH disease) at the end
of 2 months. In line with our clinical observations, a
significant decrease in MDR function (Figs. 4A, 4B),
as well as in intracellular proinflammatory cytokines,
individually (IL-17) or in combinations (IFNγ –IL-17
and TNFα–GM-CSF), was also noted (Figs. 4C, 4D).

Discussion

In this study, we have investigated one of the key
mechanisms that can affect the clinical response to IMT
in the management of NIU—namely, transmembrane
efflux proteins that decrease intracellular concentra-
tions of drugs in the CD4+ T-lymphocytes. We demon-
strated the higher function of efflux transporter MDR
proteins in patients with NIU who are nonresponders
to IMT. The high MDR expression was associated
with increased proinflammatory cytokine production
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Figure 4. CSA as an adjuvant therapy decreased MDR1 function as
well as proinflammatory CD4+ T cells in IMD nonresponder (n = 3)
patients. (A, B)MDR1 function decreased and (C, D) proinflammatory
CD4+ T cells also decreased after CSA treatment (100mg twice daily
for 2 months). **P < 0.01.

in nonresponder samples. In a small cohort of patients,
we also demonstrated the therapeutic efficacy of gener-
alizedMDR inhibitor CSA in reducingMDR function
and proinflammatory cytokine secretion and improv-
ing clinical inflammation scores.

Several important issues need further explanation
to establish the clinical relevance of our results in the
management of NIU. These include the range of efflux
transporter proteins that are covered by the Rh-123
assay, the relationship between those proteins and the
two drugs used for IMT in our study (methotrexate
and azathioprine), factors confounding the correlation
between MDR protein function and refractoriness to
therapy, and, finally, possible clinical application of
adjunctive CSA therapy in the management of NIU.
The central theme that can possibly explain all the
above concerns is the overlapping substrate specificities
of different transport proteins.7 This applies not only
to the drugs but also to the dyes used for functional
assay of these proteins. To start with, Rh-123 is a
classical substrate for MDR1 (or P-gp) and has been
widely used for assessingMDR1 function in anticancer
as well as anti-inflammatory therapies.17 The dye also
binds to multiple sites on MRP1,18,19 although not
as strongly as MDR1, and therefore other fluores-
cent dyes such as calcein and glutathione have been
recommended for MRP1 assays. Nevertheless, Rh-123
assay possibly provides the broadest indication of the
cellular efflux function, among all available dye efflux
assays.

MDR1 (P-gp) has a wide array of substrates that
are generally either neutral or cationic hydrophobic

compounds with the ability of passive diffusion into
cells.10 Methotrexate, being anionic and hydrophilic,
should not be a substrate of MDR1. Indeed, MRP3
and MRP1 are known to be the main efflux trans-
porters for methotrexate.11 However, methotrexate-
resistant cell lines showed MDR1 (ABCB1) gene
function that could be partially reversed with MDR1-
specific monoclonal antibodies.12 It is conceivable that
local tissue environments that facilitate passive diffu-
sion of the drug into cells would allow a significant
role of MDR1 in methotrexate efflux. In contrast to
methotrexate, limited data are available on drug efflux
mechanisms in azathioprine. These includeMRP4 and
MDR1, since polymorphisms in both these genes have
been found to correlate with susceptibility to azathio-
prine in inflammatory bowel disease.13,14 Together,
published data suggest that while different efflux trans-
porters have varying affinities for various drugs used
for IMT, none of the drugs are specific for a unique
transporter and may be using different transporters in
different tissue environments. Among the efflux trans-
porter proteins,MDR1 seems to themost versatile with
the widest variety of substrates, and therefore a reason-
able target for inhibition, as discussed later.

The other major confounder to evaluate MDR
proteins is their association with inflammation.MDR1
has been associated with the production of several
cytokines such as IL-2, IL-4, and IFNγ .21 In line with
this observation, MDR1 protein expression was found
to correlate with disease activity in rheumatoid arthri-
tis (RA) and not with refractoriness to methotrexate
therapy.22 In the present study too, increased MDR1
function in nonresponders to IMT was associated with
increased secretion of proinflammatory cytokines,
while the reverse was noted in responders. However,
we also found that the MDR function was compa-
rable between patients with uveitis not on systemic
therapy and healthy controls, even though proin-
flammatory cytokines were significantly higher in the
uveitis group (Supplementary Fig. S2). One possible
reason for the association of MDR1 function with
inflammation is that MDR1 is mostly expressed by
the proinflammatory memory (effector and central) T
cells but not regulatory T cells.23 These memory T cells
produce both Th1 and Th17 cytokines (Th1.17) and
are enriched locally at the site of inflammation.24 Our
earlier study showed that in the eye, too, significant
numbers of IFNγ and IL-17 dual-positive CD4+ T
cells were present, at least in tuberculosis-associated
uveitis.25 Moreover, we have recently found that vitre-
ous CD4+ T cells in NIU also have significantly higher
MDR function than peripheral blood mononuclear
cells (manuscript under review). However, published
data on the association of MDR protein function with
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inflammation also provide contradictory evidence.
For example, one study found decreased functional
activity of bothMDR1 andMRP1 in peripheral blood
leukocytes of RA patients compared to non-RA and
healthy controls.26 Another study found downregu-
lation of MDR1 expression in during early stages of
methotrexate treatment in patients with RA.27 Part of
this incongruence between MDR function and grade
of inflammation could also be ascribed to the various
endogenous functions of these transporters that
include transport of several metabolites and signaling
molecules, besides inflammatory cytokines.7 Overall,
it appears that the relationship between MDR expres-
sion/function and inflammation or disease activity is
multifactorial and needs further analysis.

Since our experimental data suggested a positive
association between MDR function and refractori-
ness to IMT in NIU, we investigated standard-dose
cyclosporine as a possible therapeutic intervention
for inhibiting MDR activity and improving clinical
efficacy of IMT. Most clinical trials investigating
MDR inhibition, specifically P-gp inhibition, have
yielded disappointing results.8 The first-generation
inhibitors (verapamil, CSA) showed low therapeutic
efficacy and high cell toxicity, while second-generation
inhibitors (dexverapamil and valspodar) had frequent
drug-drug interactions due to cytochrome P450 inhibi-
tion. Despite this information, we decided to test the
efficacy of CSA in inhibition of MDR since it is part
of the conventional IMT armamentarium for the
management of NIU. It has been used in combination
with other IMTs for management of NIU.28 In vitro
studies, including ours, suggest a high concentration
of cyclosporine (0.1–1 μg/mL) is required for effective
P-gp inhibition.29 However, this would require very
high and potentially toxic doses of cyclosporine to
be used in patients. Instead, we used the standard
dose of cyclosporine, 100 mg twice daily (though up
to 10 mg/kg/d is used in renal transplant patients),
as an adjunct to the existing IMT—methotrexate or
azathioprine.

We could demonstrate that even the standard dose
of CSA administered for 6 weeks could significantly
reduce MDR function and improve clinical scores in
patients with NIU. In this manner, we could repurpose
combination therapy of CSA with another IMT for
management of possible MDR protein-mediated resis-
tance to IMT. This is comparable to earlier studies,
where standard-dose tacrolimus had been used to
overcome P-gp function in refractory RA.30 However,
the possibility of decreased cytokine secretion follow-
ing combination therapy, alone being responsible
for the decreased MDR function, cannot be ruled
out. Also, pharmacokinetic studies have revealed that

aqueous concentrations of CSA (28 ng/mL) follow-
ing systemic treatment at a dose of 5 mg/kg/d are way
below the therapeutic doses (50–100 ng/mL) required
for immunosuppression or P-gp inhibition.31 Thus, any
benefit achieved by oral CSA therapy could only be
through its systemic effect on lymphocytes. Interest-
ingly, CSA has been shown to selectively attenuate
glucocorticoid-resistant Th17 cells in mouse models of
experimental autoimmune uveitis and in human Th17
cells generated in vitro.32 We did not evaluate MDR
function in intraocular T cells since none of the patients
recruited in this study required therapeutic vitrectomy
for management of uveitis and therefore no vitreous
samples could be retrieved.

Notwithstanding the underlying mechanism, our
study provides the first correlation between MDR
function and responsiveness to IMT in NIU. It also
offers the possibility of repurposing standard-dose
cyclosporine therapy as a strategy to overcome MDR
protein-mediated resistance to IMT. Future studies
could be aimed at dissecting systems-level function
of various drug transporter proteins and their role in
the development and resolution of NIU. Our results
should also stimulate larger studies to validate the role
of oral CSA and otherMDR inhibitor molecules in the
management of NIU.
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