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Abstract

Introduction Rheumatoid arthritis (RA) patients have high expression levels of hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-
miR-155-5p in peripheral blood. We studied if baseline blood levels of these microRNAs (miRNAs) could predict response to
methotrexate (MTX).

Methods RA patients (the American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR)
criteria) with active disease (disease-modifying anti-rheumatic drug (DMARD)-naive and Disease Activity Score 28 (DAS28)
> 3.2) were enrolled. They were treated with MTX by gradually increasing dose up to 25 mg/week. After 4 months, the DAS28
score was calculated and EULAR response was assessed. The hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-miR-155-5p levels
were measured by real-time qPCR in whole-blood RNA at baseline and 4 months after therapy, using hsa-let-7a-5p as house-
keeping gene. Results are expressed as median (interquartile range).

Results The 94 enrolled patients (81 females) had a median age of 40 (17) years, disease duration of (24) months, and DAS28
4.61 (1.11). After 4 months of therapy, 73 were classified as responders and 21 as non-responders. Baseline levels of all three
miRNAs were lower in responders than non-responders, hsa-miR-132-3p (—8.03 (0.70) versus —7.47 (0.85), P <0.05), hsa-
miR-146a-5p (—5.11 (0.88) versus —4.62 (0.90), P <0.05), and hsa-miR-155-5p (—7.59 (1.07) versus — 7 (0.72), P=0.002).
Receiver operating characteristic curve analysis showed that all three miRNAs were also good predictors of MTX response,
showing the following values: hsa-miR-132-3p (area under curve (AUC) 0.756, P <0.05), hsa-miR-146a-5p (AUC 0.760,
P <0.05), and hsa-miR-155-5p (AUC 0.728, P =0.002).

Conclusion hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-miR-155-5p are potential biomarkers of responsiveness to MTX therapy.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory
disease which can result in permanent joint damage leading to
significant morbidity. All RA patients therefore need early
treatment with the disease-modifying anti-rheumatic drugs
(DMARD:s). Methotrexate (MTX) is the most widely used
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first-line DMARD for RA due to its good efficacy, rapid onset
of action, low cost, and ease of administration [1, 2]. However,
due to complexity in disease pathogenesis, a variable response
to each DMARD is seen in patients [3]. For instance, 30-40%
of RA patients may not respond to MTX therapy. Hence, there
is a persistent need for reliable and easy-to-assay biomarker(s)
which can predict the response to MTX. Multiple factors such
as age, gender, disease duration, baseline rtheumatoid factor
(RF), C-reactive protein (CRP), genetic variants, and serum
levels of proteins such as cytokines and anti-citrulline peptide
antibodies (ACPA) have been proposed as predictors of re-
sponse to MTX [1, 4, 5]. However, despite all efforts, these
parameters have fallen short of the expectation [6].
MicroRNA (miRNA) is an endogenous, small noncoding
RNA that controls gene expression by hybridizing to comple-
mentary sequences in the 3'-UTR of target mRNAs, leading to
its degradation or translational repression. MicroRNAs are
known to affect the development of all facets of the immune
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system, from hematopoiesis to effector functions [7], and are
currently being used to predict the response to therapy with
biologicals in RA [8, 9].

The expression of miR-132, miR-146a, and miR-155 has
been found dysregulated in RA [10]. Anti-inflammatory effect
of miR-132 involves abrogation of the expression of p300
transcriptional co-activator, thereby impairing the production
of IL-1p3, IL-6, and IFN-f3 [11]. MicroRNA-146a also acts as
a suppressor of the inflammatory response by downregulating
TRAF6 and IRAK1 genes [12]. MicroRNA-155 promotes the
generation of immunoglobulin class—switched plasma cells
especially those producing IgG1, and this effect is mediated
via Pu.1 [13]. In the activated CD4" T cells, overexpression of
miR-155 promotes Ty1 cell differentiation and Ty;17-mediat-
ed production of cytokines such as IL-17 and IL-22 [14].
MicroRNA-155 and miR-146a are upregulated in RA patients
compared to healthy controls, which is believed to occur due
to persistent inflammation and this may play a role in fine-
tuning the genes induced by the inflammatory cascades [15].

Since miR-132, miR-146a, and miR-155 are important
modulators of the disease pathology in RA and several studies
have shown that the levels of these miRNAs are increased in
blood cells as compared to healthy controls [10, 16-22], we
studied the potential role of these three miRNAs as bio-
markers to predict response to MTX treatment. Further, since
MTX is an antimetabolite and antifolate drug and it can affect
DNA and RNA synthesis [23], we have also assessed its effect
on expression of hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-
miR-155-5p after 4 months of therapy.

Materials and methods
Patients

RA patients fulfilling the American College of Rheumatology
(ACR)/European League Against Rheumatism (EULAR) 2010
classification criteria [24] were included in the study. All had
active disease with Disease Activity Score at 28 joints (DAS28)
> 3.2 [25]. They were either MTX-naive or had received MTX
> 6 months back and had not taken any other DMARD. Patients
having contraindications to MTX treatment or pregnant/
lactating were excluded from the study. The study was ap-
proved by the Institutional Ethics Committee of SGPGIMS
and all patients provided a written, informed consent.

At baseline (BL), clinical data about the disease, physician,
and patient global assessment, health assessment question-
naire (HAQ), and DAS28 score were assessed. Blood was
collected for miRNA analysis. All patients were started on
weekly 10 mg MTX which was escalated every 2 weeks by
2.5 mg until they achieved DAS28 < 2.6, or reached a maxi-
mum tolerated dose with an upper limit of 25 mg/week. At the
end of 4 weeks, besides assessing disease activity, a blood
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sample (n=80) was drawn again for estimation of miRNA
levels. Patients were classified into two groups, responders
and non-responders based on EULAR criteria [24].

Isolation of RNA from blood

Blood was collected in EDTA-coated vials (BD vacutainer
5 ml; BD Diagnostics, San Diego) and stored in aliquots
(0.25 ml blood in 0.75 ml Trizol, Life Technologies Inc.,
USA) at —80 °C. Total RNA was extracted using
chloroform-isopropyl alcohol extraction method. In brief, the
sample was brought to room temperature (RT) and vortexed
for 15 min. The lysed solution was centrifuged (10,000xg,
10 min, 4 °C). To the supernatant, 200 pul chloroform was
added and mixed for 15 min by inverting the tube and held
for 10 min at RT. The tube was centrifuged (12,000xg,
15 min, 4 °C) and the aqueous layer was collected and mixed
with 500 pl of isopropyl alcohol by gently inverting the tube
(10 min). The mixture was centrifuged (12,000xg, 10 min,
4 °C) and the pellet was washed twice by adding 75% ethanol
(1 ml) followed by centrifugation (7500%g, 5 min, 4 °C).
Finally, the pellet was air-dried (30 min) and re-dissolved in
30 ul RNAse-free water. Concentration and purity of RNA
were determined using NanoDrop spectrophotometer
(NanoDrop Inc.,Wilmington, DE, USA).

miRNA quantification using RT-qPCR

For miRNA analysis, 10 ng of total RNA was reverse tran-
scribed to complementary DNA (cDNA) using hsa-miR-132-
3p (assay ID 000457), hsa-miR-146a-5p (assay ID 000468),
hsa-miR-155-5p (assay ID 002623), and hsa-let-7a-5p (assay
ID 000377) specific stem-loop reverse transcription (RT)
primers, 100 mM each ANTP, 50 units/pl MultiScribe reverse
transcriptase enzyme, RNase inhibitor, and RT buffer
(Applied Biosystems, Carlsbad, CA, USA). The reaction mix-
ture (15 pl) was incubated in a thermocycler (Mastercycler
PCR system, Eppendorf, USA) at 16 °C for 30 min, 42 °C
for 30 min, and 85 °C for 5 min and then maintained at 4 °C.

Quantification of miRNA was done by real-time PCR per-
formed on resulting cDNA via TagMan miRNA-specific
primers and TagMan Universal PCR Master Mix without
UNG (Applied Biosystems, Carlsbad, CA, USA). The stem-
loop and specific sequence of miRNAs are as follows:

hsa-miR-132-3p

Stem-loop:

CCGCCCCCGCGUCUCCAGGGCAACCGUGGCUU
UCGAUUGUUACUGUGGGAACUGGAGGUAACAGU
CUACAGCCAUGGUCGCCCCGCAGCACGCCCACGC
GC
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Table 1 Characteristics of

theumatoid arthritis patients Characteristics Total (n =94)  Responders (n=73)  Non-responders (n=21)
Female 81 (86.17%) 62 (84.94%) 19 (90.48%)
Age in years 40 (17) 40 (15) 45 (22)
Duration of Disease in months 24 (24) 24 (24) 24 (60)
Tender joint count 11 (7) 10 (7) 11 (11)
Swollen joint count 8.50 (6.75) 9 (6) 7(7)
Health assessment questionnaire 1.50 (0.88) 1.50 (1) 1.51(0.88)
C-reactive protein, mg/dl (CRP) 2.35(3.28) 2.50 (3.68) 1.67 (3.09)
Disease Activity Score (DAS28-CRP) 4.61(1.11) 4.60 (0.95) 4.85(1.73)
IgM-rheumatoid factor—positive 80 (85%) 62 (85%) 18 (85.7%)

Mature miRNA sequence:UAACAGUCUACAGCCAU  Stem-loop:

GGUCG

hsa-miR-146a-5p

Stem-loop:

CCGAUGUGUAUCCUCAGCUUUGAGAA
CUGAAUUCCAUGGGUUGUGUCAGUGUCAGACCU
CUGAAAUUCAGUUCUUCAGCUGGGAUAU
CUCUGUCAUCGU

Mature miRNA sequence: UGAGAACUGAAUUCCAU
GGGUU

hsa-miR-155-5p

Stem-loop:
CUGUUAAUGCUAAUCGUGAUAGGGGUUUUUG-
CCUCCAACUGACUCCUACAUAUUAGCAUUAACAG

Mature miRNA sequence: UUAAUGCUAAUCGUG
AUAGGGGU

hsa-let-7a-5p

hsa-let-7a-5p 1:

Stem-loop:

UGGGAUGAGGUAGUAGGUUGUAUAGUUUUAG-
GGUCACACCCACCACUGGGAGAUAACUAUACAA
UCUACUGUCUUUCCUA

hsa-let-7a-5p 2:

AGGUUGAGGUAGUAGGUUGUAUAGUUUAGAA-
UUACAUCAAGGGAGAUAACUGUACAGCCUCCU
AGCuUUCCU

hsa-let-7a-5p 3:

Stem-loop:

GGGUGAGGUAGUAGGUUGUAUAGUUUGGGGC
UCUGCCCUGCUAUGGGAUAACUAUACAAUCUAC
UuGUCuUuUuUCCU

Mature miRNA sequence: UGAGGUAGUAGGUUGUA
UAGUU

The reaction mixture was prepared according to the manu-
facturer’s protocol and incubated in LightCycler® 480 II
Real-Time System (Roche Applied Science, Penzberg,
Germany). Expression levels of miRNAs were normalized
with respect to hsa-let-7a-5p gene as its expression in periph-
eral blood mononuclear cell (PBMC) of RA patient was sim-
ilar to that of healthy control [10]. The values were expressed
as ACt, i.e., the Ct value of the miRNA gene was subtracted
from the Ct value of the housekeeping gene. Fold change
calculation (in brief) is as follows: ACt value (miRNA
Ctmean-hsa let7a 5p Ctmean), AACt value (follow-up (FU)
ACt—BL ACt), and fold change as 2"—AACt.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 (SPSS
Inc., USA). The difference at baseline levels of miRNAs be-
tween responders and non-responders and between baseline
and follow-up samples was assessed using the Mann-Whitney
U test. Correlation of change in DAS28 at 4 months with hsa-
miR-132-3p, hsa-miR-146a-5p, and hsa-miR-155-5p levels
was done using Spearman’s rank correlation. Logistic regres-
sion analysis was done to assess the effect of age, gender, RF,
DAS28, hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-miR-
155-5p on response status of RA patients. Receiver operating
characteristic (ROC) curve analyses for blood miRNAs at
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Fig. 1 Baseline expression levels of hsa-miR-132-3p, hsa-miR-146a-5p,
and hsa-miR-155-5p in whole blood in responder (n=73) and non-
responder (n=21) group of RA patients. a hsa-miR-132-3p, b hsa-miR-

baseline was performed and area under the curve (AUC) was
calculated. A P value less than 0.05 was considered to be
statistically significant. All data are expressed as median and
IQR.

Results
Patients characteristics
Ninety-four patients (81 females) with a median age of 40

(IQR, 17) years, disease duration of 24 (IQR, 24) months,
and DAS28-CRP of4.61 (IQR, 1.11) were enrolled (Table 1).
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146a-5p, and ¢ hsa-miR-155-5p *P < 0.05; as determined by the Mann-
Whitney U test. BL baseline, ACt delta threshold cycle, R responder, NR
non-responder

Basal levels of miRNA in the blood of patients

The median (IQR) levels of hsa-miR-132-3p, hsa-miR-146a-
5p, and hsa-miR-155-5p in 94 patients, respectively, were —
7.96 (0.80), —4.98 (0.94), and — 7.43 (1.08). There was mod-
erate correlation between hsa-miR-132-3p and hsa-miR-146a-
5p (r=0.50, P<0.05), hsa-miR-132-3p and hsa-miR-155-5p
(r=0.48, P<0.05), and hsa-miR-146a-5p and hsa-miR-155-
5p (r=0.65, P <0.05). No correlation was observed between
the levels of hsa-miR-146a-5p or hsa-miR-155-5p with dis-
ease activity (as measured by DAS28) while hsa-miR-132-3p
showed a minimal correlation (»=0.22, P =0.036). Baseline
clinical variables such as RF, erythrocyte sedimentation rate
(ESR), CRP, age, gender, and duration of disease did not
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Fig. 2 Receiver operating characteristic (ROC) curve analyses of hsa-
miR-132-3p, hsa-miR-146a-5p, and hsa-miR-155-5p as predictors of re-
sponse to MTX. Blue line depicts hsa-miR-132-3p (AUC 0.76, 95% CI
0.64-0.87), red line is for hsa-miR-146a-5p (AUC 0.76, 95% CI 0.65—
0.87), and green line is for hsa-miR-155-5p (AUC 0.73, 95% CI 0.61—
0.85)

correlate with the baseline levels of hsa-miR-132-3p, hsa-
miR-146a-5p, and hsa-miR-155-5p.

A negative correlation was observed between change in
DAS28 score at 4 months (BL DAS28-FU DAS28) with hsa-
miR-132-3p (r=—10.34, P=0.001) and hsa-miR-146a-5p (r=—
0.30, P =0.004). A logistic regression analysis was performed to
ascertain the effects of age, gender, RF, DAS28, and miRNAs on
the likelihood that the patient will respond to MTX therapy. The
model correctly classified 86.2% of the cases. Expression levels
of two of the miRNAs (hsa-miR-132-3p and hsa-miR-146a-5p)
were significantly associated (P < 0.05) with the response status
of patients (Supplementary Table 1).

Basal levels of miRNA in responders
and non-responders for MTX

Among the 94 patients, 73 were responders and 21 non-
responders for MTX. In responders, the median levels of hsa-
miR-132-3p (— 8.03 (0.70), hsa-miR-146a-5p (— 5.11(0.88), and
hsa-miR-155-5p (= 7.59 (1.07) were significantly lower than the
corresponding levels in non-responders (— 7.47 (0.85, P < 0.05),
—4.62 (0.90, P<0.05), and — 7 (0.72, P=0.002)) (Fig. 1).

On ROC curve analysis, all three miRNAs showed a good
AUC: hsa-miR-132-3p (AUC 0.756, 95% CI 0.64-0.87,
P <0.05), hsa-miR-146a-5p (AUC 0.760, 95% CI 0.65—
0.87, P<0.05), and hsa-miR-155-5p (AUC 0.728, 95% CI
0.61-0.85, P=0.002). Using the cut-off value of —7.71 for
hsa-miR-132-3p, the sensitivity was 79.2% and the specificity

was 61.9%. For hsa-miR-146a-5p (cut-off —4.66), the sensi-
tivity was 78.1% and the specificity was 61.9%, and for hsa-
miR-155-5p (cut-off — 7.21), the sensitivity was 69.9% and
the specificity was 71.4% (Fig. 2).

Effect of MTX on levels of miRNAs

The expression of hsa-miR-132-3p, hsa-miR-146a-5p, and
hsa-miR-155-5p was upregulated after 4 months of MTX ther-
apy (Fig. 3). The changes in relative expression of miRNAs
were as follows, hsa-miR-132-3p: fold change 1.56, P <0.05;
hsa-miR-146a-5p: fold change 1.31, P=0.001, and hsa-miR-
155-5p: fold change 1.61, P <0.05. While the expression of
hsa-miR-146-5p (fold change 1.39, P<0.001) and hsa-miR-
155-5p (fold change 1.61, P <0.05) increased only in the re-
sponder group, the levels of hsa-miR-132-3p increased in both
the groups (fold change in responders 1.65 and in non-
responders 1.37, P <0.05) (Supplementary Fig. 1).

Discussion

Biomarkers that could predict the response to MTX therapy in
RA patients may serve as a valuable tool for early and effective
control of the disease. Our study shows that patients who
responded to MTX had lower expression of hsa-miR-132-3p,
hsa-miR-146a-5p, and hsa-miR-155-5p as compared to those
who did not respond to the drug. Though miRNAs have not
been studied as a predictor of response to MTX in RA, a recent
study has shown plasma miR-27a to be associated with response
to a combination therapy of adalimumab with MTX in early RA
patients [8]. Another study has shown that serum levels of miR-
99a and miR-143 could predict response to adalimumab, where-
as miR-197 predicted the response to etanercept [9]. Serum
levels of miR-125b could predict the response to rituximab in
early RA patients, though its levels in whole blood did not asso-
ciate with the response [26]. Thus, different miRNAs may pre-
dict response to different drugs used in RA.

The association of lower blood levels of these three
miRNAs with a good clinical response suggests that their
higher levels could have caused dysregulation of the immune
response leading to persistent inflammation in non-responders.
The combination of anti-TNFo and DMARD therapy has been
shown to upregulate the expression of six miRNAs (including
miR-146a) in the RA patients who responded to therapy [27].

We did not observe a correlation between levels of hsa-
miR-155-5p or hsa-miR-146a-5p and disease activity score,
which is in variance to another study that found a positive
correlation between miR-146a and disease activity.
However, that study had measured miR-146a in peripheral
blood mononuclear cells (PBMCs) rather than whole blood
[10]. An earlier study using PBMCs had found higher expres-
sion of miR-132, miR-146a, and miR-155 in RA patients
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Fig. 3 Expression levels of hsa-miR-132-3p (a), hsa-miR-146a-5p (b),
and hsa-miR-155-5p (c¢) in blood at baseline (n = 94) and after 4 months
of MTX therapy (n = 80). *P < 0.05, as determined by the Mann-Whitney

compared with healthy controls [16]. Another study had used
plasma to show overexpression of multiple miRNAs includ-
ing miR-155 and miR-146a, though the level of miR-132 was
found lower than healthy controls [17].

We preferred to use the whole-blood miRNA expression
method as it avoids artifacts occurring during isolation of
PBMC which can alter miRNA expression levels [28-30].
Though whole-blood miRNA expression profiling has been
used in cancer patients [30-32], studies in RA patients are lim-
ited. A recent study has compared the levels of miR-146a and
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U test. BL baseline, FU follow-up, ACt delta threshold cycle, R respond-
er, NR non-responder

miR-155 in PBMC and whole blood and observed that whole-
blood miRNA levels accurately reflect those in PBMC [33].
Increased adenosine production is one of the major mech-
anisms of action of MTX. In turn, adenosine can cause acti-
vation of transcription factors CREB and MAPK and induce
cAMP production, which can lead to increased expression of
miR-132, miR-146a, and miR-155 [34, 35]. MicroRNA-132
and miR-146a suppress inflammation by negatively regulat-
ing genes involved in inflammatory pathways, such as
MyD88-dependent TLR pathway [34]. As adenosine
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production is low in non-responders [36], it might account for
a lack of difference in the expression levels of miRNAs at the
baseline and after 4 months of therapy.

Even though miR-146a counterbalances the function of miR-
155 by suppressing the inflammatory response driven by the latter
[37], we, paradoxically, observed significant increase in both
miRNAs in the MTX non-responders. A study in patients with
sepsis has shown that elevated miR-155 expression can induce
immunosuppression by CD39 expressing Treg cells and also en-
hances the Treg cell population [38, 39]. It might be interesting to
look for the same correlation in RA where high CD39 expression
on Treg is associated with a good response [36]. Moreover, a
recent study has also shown that the serum miRNA level (miR-
10a) is upregulated after MTX therapy in RA patients [40].

As MTX is the most frequently used drug in RA, multiple
predictors of response are being explored. Clinical variables are
the easiest and cost-effective as the corresponding data is read-
ily available. Though smoking [41], longer disease duration
[42], and higher DAS score at baseline [42] have been associ-
ated with poor response to MTX therapy by some studies,
others have not found them to be of use. In the present study
also, none of the clinical variables like age, gender, DAS score
at baseline seropositivity, and duration of disease could predict
the response. As genetic markers are more reproducible and
reliable, many genes have been identified which could predict
response to MTX. For instance, shared epitope—positive RA
patients are less likely to respond to MTX monotherapy [43].
There are other studies in which single-nucleotide polymor-
phism has been shown to predict response to MTX, such as
solute carrier family 19 member 1 (SLC19A1) [44] and meth-
ylenetetrahydrofolate reductase (MTHFR) [45] gene polymor-
phisms. However, the results of genetic studies were not con-
sistently replicated by other groups [6]. In epigenetics, overall
methylation and FoxP3 demethylation are induced by MTX in
RA patients. Nonetheless, studies on its correlation with re-
sponse to the drug are still lacking.

In our study, even though clinical variables did not predict
the response to MTX, the baseline expression levels of all
three miRNAs (hsa-miR-132-3p, hsa-miR-146a-5p, and hsa-
miR-155-5p) could do so, albeit with a modest sensitivity and
specificity. Therefore, these miRNAs may be considered as
additional biomarkers to predict the response to MTX therapy.

One of the limitations of this study is the use of delta Ct
between the housekeeping gene and miRNA level. Absolute
gene expression analysis using a calibration curve from a stan-
dard sample may have better reproducibility across laboratories.
To address technical variations to get reproducible results, non-
human exogenous controls should be used along with other mea-
sures [46]. As this is an exploratory study, the findings need to be
validated in another setting in order to assess their true potential.

To conclude, baseline hsa-miR-132-3p, hsa-miR-146a-5p, and
hsa-miR-155-5p expression levels in whole blood of RA patients
appear to be fair predictors of their response to MTX therapy. The

used method requires a much smaller blood sample (than the
serum/PBMC-based methods) and is less time-consuming.
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