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The aim of this study was to investigate the microRNA (miRNA)
expression pattern in neutrophils from rheumatoid arthritis (RA)
patients and its contribution to their pathogenic profile and to ana-

lyze the effect of specific autoantibodies or inflammatory components in
the regulation of miRNA in RA neutrophils and its modulation by biological
therapies.  Neutrophils were isolated from paired peripheral blood (PB) and
synovial fluid  samples of 40 patients with RA and from PB of 40 healthy
donors. A miRNA array was performed using nCounter technology.
Neutrophils from healthy donors were treated in vitrowith antibodies to cit-
rullinated protein antigens isolated from RA patients and tumor necrosis
factor-a (TNF-a) or interleukin-6. A number of cytokines and chemokines
were analyzed. In vitro treatments of RA-neutrophils with tocilizumab or
infliximab were carried out. Transfections with pre-miRNA and DICER
downregulation experiments were further performed. RA-neutrophils
showed a global downregulation of miRNA and genes involved in their bio-
genesis, alongside with an upregulation of various potential mRNA targets
related to migration and inflammation. Decreased levels of miRNA and
DICER correlated with autoimmunity, inflammation and disease activity.
Citrullinated protein antigens and TNF-a decreased the expression of
numerous miRNA and their biogenesis-related genes, increasing their
potential mRNA targets. Infliximab reversed those effects. Transfections
with pre-miRNA-223, -126 and -148a specifically modulated genes regulat-
ing inflammation, survival and migration whereas DICER depletion influ-
enced the inflammatory profile of neutrophils. Taken together RA-neu-
trophils exhibited a global low abundance of miRNA induced by autoanti-
bodies and inflammatory markers, which potentially contributed to their
pathogenic activation. miRNA biogenesis was significantly impaired in RA-
neutrophils and further associated with a greater downregulation of
miRNA mainly related to migration and inflammation in synovial fluid neu-
trophils. Finally, anti-TNF-a and anti-interleukin-6 receptor treatments can
modulate miRNA levels in the neutrophils, minimizing their inflammatory
profile. 
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ABSTRACT



Introduction

Several immune cells including T and B lymphocytes,
macrophages, synovial fluid (SF) fibroblast and neu-
trophils are known to be relevant in the rheumatoid
arthritis (RA) pathogenesis.1 Among them, RA neutrophils
are activated cells, characterized by a prolonged lifespam,
increased migratory capacity and production of inflamma-
tory molecules and reactive oxygen species (ROS).  In
severe acute inflammation, SF accumulates a great number
of these cells in a more activated state, promoting cartilage
destruction and joint damage.2 
Antibodies to citrullinated protein antigens (ACPA) are

currently considered the most specific autoantibodies in
RA, being related to the activity of the disease and poorer
prognosis.3 ACPA have been shown to be able to induce
neutrophils to produce high levels of inflammatory medi-
ators, ROS and to generate NETosis.2,4 
Epigenetic modifications contribute to the development

of RA, affecting disease susceptibility and severity.5,6
Among them, several microRNA (miRNA) have been
linked to the chronic inflammation in RA.5 MiRNA are
short noncoding RNA present in all multi-cellular organ-
isms involved in a broad range of cellular processes. They
cause posttranscriptional and posttranslational gene
silencing, by recognizing a specific sequence of mRNA,
binding to it and inhibiting its translation into protein.7
MiRNA  is first transcribed into long primary miRNA of
several kb in length (pri-miRNA) and this pri-miRNA is
then processed by Drosha into a precusor miRNA (pre-
miRNA) of appoximately 70-nucleotide. The pre-miRNA
is transported out of the nucleus by exportin 5 (XPO-5)
and is then processed by DICER into a mature double
stranded miRNA of approximately 22 nucleotides. The
RNA-induced silencing complex (RISC) (composed of the
transactivation-responsive RNA-binding protein [TRBP]
and argonaute [AGO]) removes the complementary
strand. DICER then binds to RISC, forming the core of
RISC-loading complex. DICER is considered a crucial fac-
tor in miRNA processing since its presence is necessary for
the stimulation of RNA processing by AGO.8,9 Functional
miRNA is able to bind to the 3’-untranslated region (UTR)
of the target mRNA, causing mRNA cleavage or transla-
tional repression.10
Several studies, mainly conducted on lymphocytes,

monocytes, macrophages and  SF fibroblasts, have report-
ed that the role of various miRNAs in the pathogenesis of
RA is critical for the increased expression of inflammatory
cytokines and prolonged cell survival.5,11
We undertook this study to evaluate the miRNA profile

and the proteins involved in miRNA processing in circulat-
ing and SF neutrophils from RA patients, in order to gain
an insight of its role in the different activation states of
these cells. The effects of ACPA or inflammatory compo-
nents and biological therapies on the expression of
miRNA in neutrophils was further assessed.

Methods

For details see the Online Supplemental Materials and Methods.

RA patients and healthy donors
Forty RA patients and 40 healthy donors (HD) were included in

this study. RA patients fulfilled at least four 1987 American
College of Rheumatology (ACR) criteria and achieved a total
score of 6 or greater according to 2010 criteria. The patients were
under the following treatment regimes: corticosteroids (50.0%),
leflunomide (42.5%), hydroxychloroquine (45.0%), NSAID
(80.0%) and methotrexate (65%). All patients were tested for the
presence of ACPA and rheumatoid factor (RF) by clinical labora-
tory routine analysis. All participants enrolled were Caucasian,
recruited at the Department of Rheumatology, and gave their
written informed consent approved by the ethical committee of
the Reina Sofia Hospital (Cordoba, Spain).
Clinical details of the RA patients and HD are shown in Table

1.  Peripheral blood (PB) was withdrawn from all the RA patients
and the HD. SF from RA patients was obtained through arthro-
centesis. The study design is displayed on a flow chart (Online
Supplementary Figure S1).

Isolation of neutrophils from PB and SF
Neutrophils from PB of HD and paired SF and PB samples of RA

patients were isolated (after centrifugation to obtain buffy coat
and osmotic lysis of the pellet) by immunomagnetic positive
selection with human anti-CD15 microbeads (Miltenyi Biotec S.L,
Bergisch Gladbach, Germany) using AUTOMACs (Miltenyi
Biotec).12 

miRNA expression profiling
The nCounter miRNA Assay (NanoString Technology, Seattle,

WA, USA) detects simultaneously 800 human miRNA in each
sample. 100 ng of RNA, pooled samples of neutrophils from PB of
10 HD, neutrophils from PB of 10 RA patients and neutrophils
from SF of 10 RA patients were prepared by ligating a specific
DNA tag (miR-tag) onto the 3 end of each mature miRNA fol-
lowed by 16-20 hour hybridization (at 65ºC) to nCounter
Reporter and Capture probes. The rest of the protocol was per-
formed following the manufacturer’s recommendations
(NanoString Technologies, Seattle, WA, USA). Data were normal-
ized by the geometric mean of top 100 miRNA detected using the
nSolver software. This miRNA array was performed in pooled
samples of the 10 RA patients that best represented the mean val-
ues of age, sex, disease activity, evolution time and autoimmunity
of the clinical validation cohort.

IgG-ACPA isolation from RA patients
Immunoglobulin G (IgG) from serum of five different RA

patients with high titers of ACPA and negative for RF (enriched
IgG-ACPA) and 5 HD (IgG- normal human serum [NHS]) were
isolated using HiTrap protein G HP columns (GE Healthcare,
Chicago, Il, USA). 

In vitro treatments of neutrophils
Neutrophils purified from five RA patients (taking Disease-

modifying antirheumatic drugs and not taking any biological ther-
apies) were pre-treated with FCRII blocking reagent (Miltenyi
Biotec, Bergisch Gladbach, Germany) for 15 min and subsequent-
ly incubated with infliximab (IFX)  at 100 g/mL or tocilizumab
(TCZ) at 20 g/mL for 6 hours. The selection of these patients
allowed the isolation of assumingly activated neutrophils, leading
to an increased expression of inflammatory cytokines, in order to
demonstrate the effects of miRNA transfection  by proving the
reduction in expression levels of those molecules.
Neutrophils purified from five HD were treated in vitro with

IgG-NHS or enriched IgG-ACPA (500 ug/mL), tumor necrosis fac-
tor-a  (TNF-a) and interleukin-6 (IL-6) (10 ng/mL) for 6 hours.
Samples were processed for RT-PCR analyses. 
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Results

Global decrease in miRNA levels of neutrophils from
RA patients
Among the 800 miRNA analyzed, levels of 133 miRNA

were detected in neutrophils. Using an above two-fold
change cut-off, 94 miRNA were reduced in PB-RA neu-
trophils compared to PB-HD, and three of them were ele-
vated (Online Supplementary Table S1 and Figure 1A).
Additionally, SF neutrophils showed 34 miRNA even fur-
ther reduced compared to its paired PB sample (fold
change cut-off change above two-fold) (Figure 1B).
Ingenuity Pathway Analysis (QIAGEN IPA) uncovered the
main enriched biological functions and pathways in
which these miRNA are involved, which include immune
disease, inflammatory response and connective disorders
(Figure 1D). 

Low abundance of miRNA levels in RA neutrophils
might be due to a defect in the miRNA processing
Eight altered miRNA were identified by QIAGEN IPA as

the main regulators of proteins involved in the abnormal
activation of neutrophils in RA, including miRNA -126, -
148a, -29c, let-7b, -30c, -17, -21 and 223 (Figure 2). The
expression of these miRNA was validated in all the sam-
ples separately and a technical validation was performed
separately in the 10 samples previously used for the pool.
In addition, a clinical validation was carried out separately
in the 30 remaining samples (Online Supplementary Figure
S2). The levels of most of the selected miRNA were signif-
icantly reduced in PB-RA neutrophils compared to PB-HD
neutrophils. A greater reduction in the expression of miR-
148a, miR-29c and let-7b in the SF paired samples was

observed (Figure 3A). In addition, there was not significant
difference in the reduced levels of miRNA among patients
treated or not treated with methotrexate (Online
Supplementary Figure S3).
There was a significant reduction in the expression of

genes involved in the miRNA processing (DICER and
AGO-1) in neutrophils from PB-RA patients compared to
PB-HD. Of note, DICER, AGO-1, AGO-2 and XPO-5
were diminished in neutrophils from  the SF of RA
patients (Figure 3B). 

Bioinformatic identification and expression of the
putative targets of reduced miRNA in RA neutrophils
Seven putative mRNA targets were chosen based on

their recognized role in the pathogenesis of RA, being key
factors in inflammation (TNF-a, IL-1β, IL-6R), cell adhe-
sion (VEGF-A), migration (IL-8) and survival (STAT3 and
AKT).  These targets were significantly upregulated in PB-
RA neutrophils (Figure 3C). A greater alteration was
observed in SF neutrophils. 
Using enrichment analysis of those selected targets,

enriched pathways mainly related to inflammatory
processes were revealed. This included a broad range of
secondary chemokines and cytokines which are indirectly
connected with the eight selected mRNA targets, amplify-
ing the inflammatory cascade (Online Supplementary Figure
S4). Thus, a human cytokine array was performed in neu-
trophils from RA patients (PB and SF) and HD (PB). 
Neutrophils from PB of RA patients showed increased

protein expression of CCL5, CD40L, CXCL1, CXCL2, IL-
1ra, IL-16, IL-18, IL-32a, PAI-1 and TREM-1 compared to
HD (Figure 3D). A differential proteome profile was
observed in neutrophils from SF of RA patients compared

I.A. de la Rosa et al.

2252 haematologica | 2020; 105(9)

Table 1. Clinical details of rheumatoid arthritis patients and healthy donors.
Clinical parameters                                                      RA patients (n=40)                        HD controls (n=40)                                     P

Woman/Men (n/n)                                                                                  26/14                                                        22/18                                                            
Age (years)                                                                                        55.54 ± 4.03                                            48.50 ± 8.45                                                      
Disease evolution (years)                                                              9.20 ± 2.23                                                      -                                                                
RF+ (%)                                                                                                     57.50                                                            -                                                                
ACPA+ (%)                                                                                                65.00                                                            -                                                                
Obesity (%)                                                                                              8.00                                                           3.00                                                         0.035
Diabetes (%)                                                                                           10.00                                                          5.00                                                         0.033
Hypertension (%)                                                                                  12.50                                                          6.00                                                         0.048
Smoker (%)                                                                                             15.00                                                        12.00                                                            
DAS28                                                                                                   3.75 ± 0.20                                                      -                                                                
Cholesterol (mg/mL)                                                                    202.15 ± 12.65                                        200.20 ± 15.60                                                    
HDL-Cholesterol (mg/mL)                                                            43.16 ± 2.68                                           53.63 ± 12.75                                                     
LDL-Cholesterol (mg/mL)                                                           136.81 ± 11.01                                        115.75 ±17.40                                                     
Triglycerides (mg/mL)                                                                   99.50 ± 10.16                                          88.50 ± 25.39                                                     
ESR (mm/h)                                                                                      15.75 ± 2.89                                             4.65 ± 1.20                                                    0.01
CRP (mg/mL)                                                                                    10.23 ± 2.73                                             1.55 ± 0.22                                                    0.03
Treatments                                                                                                                                                                                                                                      
Corticosteroids (%)                                                                            50.00                                                            -                                                                
Hydroxychloroquine (%)                                                                    45.00                                                            -                                                                
NSAIDs (%)                                                                                           80.00                                                            -                                                                
Methotrexate (%)                                                                                70.00                                                            -                                                                
Values are mean ± standard deviation (SD).  HDL: high density lipoprotein; LDL: low density lipoprotein; DAS: disease activity score; ACPA: antibodies to citrullinated protein anti-
gens; RA: rheumatoid arthritis; HD: healthy donor; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C reactive protein; NSAIDS: non-steroideal anti-inflammatory
drugs. 



to HD and PB paired samples (MIP-1 /1 , CCL5, CD40L,
C5/5a, CXCL1, CXCL12, ICAM-1, IL-1 , IL-1ra, IL-8, IL-
13, IL-16, IL-18, MIF and TREM-1) (Figure 3D).

Reduced levels of miRNA in RA neutrophils are related
to autoimmunity, clinical and serological parameters
Decreased levels of both, miRNA and DICER signifi-

cantly correlated with the activity of the disease, levels of
ACPA and clinical inflammatory markers. Elevated serum
levels of TNF-a correlated with low levels of DICER.
However, there was not association between the levels of
miRNA and serum TNF-a (Figure 4A). 

ACPA reduces miRNA levels in healthy neutrophils 
Enriched IgG-ACPA downregulated the expression of

the eight selected miRNA in healthy neutrophils (Figure
4B). Accordingly, a significant reduction of genes involved
in the miRNA biogenesis was observed (Figure 4C).
Enriched IgG-ACPA also increased the expression of the
selected mRNA targets (Figure 4D). Finally, enriched IgG-
ACPA promoted a significant upregulation of secondary
chemokines and cytokines indirectly related with the

eight selected mRNA targets (CCL1, CCL2, MIP-1a/β,
CCL5, CD40L, CXCL1, CXCL12, G-CSF, GM-CSF, 
IFN-g and IL-8) (Figure 4E). 

Inflammatory mediators decrease the expression of
miRNA in neutrophils, which might be restored by IFX
or TCZ
TNF-a and IL-6 levels were significant elevated in serum

from RA patients; a further increase was observed in SF
from those RA patients (Figure 5A).
In vitro, TNF-a downregulated the levels of the eight

selected miRNA alongside with a decrease in the expres-
sion of DICER and AGO-2 in HD neutrophils (Figure 5B).
Treatment with IL-6 reduced the levels of miR-126, let-7b,
miR-17, AGO1 and AGO2 (Figure 5C).
We observed that fresh neutrophils from RA patients

had significantly higher levels of TNF-a and IL-6 mRNA
compared to freshly isolated neutrophils from HD (Online
Supplementary Figure S5A). In addition, after 6 hours of 
in vitro culture, levels of TNF-a and IL-6 were elevated in
the culture media of RA neutrophils (Online Supplementary
Figure S5B). 

Impaired microRNA processing in RA neutrophils

haematologica | 2020; 105(9) 2253

Figure 1.  Global downregulation of miRNA expression profile in rheumatoid arthritis neutrophils. (A) Forty-one miRNA altered in neutrophils from PB-RA patients
compared to neutrophils from PB-HD using a fold change cut-off >5. (B) Thirty-four miRNA more reduced in RA synovial neutrophils compared to its paired PB sample
(fold change cut-off >2). (C) Heat-map of the differentially expressed miRNA profile in PB-HD, PB-RA and SF-RA.  (D) Functional classification of the altered miRNA
using Ingenuity Pathway Analysis (IPA, QIAGEN Redwood City, CA, USA;  https://analysis.ingenuity.com). The analysis included only the functions and pathways with
average IPA score >2 indicated as –log (P-value). Threshold bar indicates the cut-off point of significance (P>0.05), using Fisher’s exact test. miRNA: microRNA; RA:
rheumatoid arthritis; PB: peripheral blood; HD: healthy donor; SF: synovial fluid.
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In vitro treatment of active neutrophils purified from RA
patients with IFX restored the low levels of the eight
selected miRNA while TCZ only up-regulated the expres-
sion of miR-148a (Figure 5D). Accordingly, IFX upregulat-
ed the expression levels of AGO1. Regarding mRNA tar-
gets, IFX reduced the mRNA expression of VEGF-A, 
TNF-a, IL-1β, IL-8 and STAT3. Treatment with TCZ also
diminished the expression of various of these mRNA tar-
gets such as IL-1β, IL-8, IL-6R and STAT3 (Figure 5E). In
addition, protein release of TNF-a, IL-8 and IL-1β was
reversed in RA neutrophils after treatments with both, IFX
and TCZ (Figure 5F).

Overexpression of miR-126, miR-148a and miR-223 in
RA neutrophils decreases specific targets involved in
inflammation, migration and cell survival
We selected three downregulated miRNA to evaluate

their role in migration, proinflammatory profile and cell
survival of RA neutrophils: miR-223 was the most abun-
dant in neutrophils, miR-148a and miR-126 have several
potential and demonstrated mRNA targets involved in
inflammation. As visible in Figure 6, miR-126, miR-148a
and miR-223 overexpression led to a downregulation of
their specific mRNA targets: miR-126 overexpression
induced a significant downregulation of VEGF-A protein
expression (Figure 6A), and miR-223 overexpression pro-
moted a significant decrease in the protein expression of
IL-8 and IL-1 . Interestingly, miR-223 transfection induced

a significant increase of VEGF mRNA and protein (Figure
6C). On the other hand, miR-148a overexpression
reduced gene and protein expression levels of TNF-a
(Figure 6B).

DICER downregulation in neutrophils might exacerbate
their inflammatory profile
Using a low number of lentiviral particles, 25% of

DICER expression was inhibited in HL-60 neutrophil-like
cells (Figure 6D). This reduction promoted a significant
decrease in all the selected miRNA (Figure 6E). Protein lev-
els of a number of cytokines and chemokines were signif-
icantly upregulated in neutrophils after DICER downregu-
lation (Figure 6F).

Discussion

This study reports for the first time the altered miRNA
expression profile in neutrophils from RA patients,
describing a defect in the miRNA processing machinery
responsible for a global low abundance of miRNA, medi-
ated by ACPA and inflammatory mediators, promoting
the high inflammatory profile of these cells in RA. 
Several miRNA have been shown to be increased in the

PB and in inflamed joints in RA patients, correlated to dis-
ease activity and to promoting the production of inflam-
matory mediators involved in the synovitis.13,14 Likewise,
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Figure 2. Bioinformatic identification of deregulated miRNA and protein targets related to the pathogenic profile of neutrophils in rheumatoid arthritis. In silico
studies were performed to identify eight altered miRNA using QIAGEN’s Ingeunity Pathway Analysis (IPA, QIAGEN Redwood City, USA; https://analysis.ingenuity.com)
as the main regulators of proteins involved in the abnormal activation of neutrophils in RA: inflammation, migration and cell survival.  By using the tool miRNA target
filter of IPA, a network including the selected miRNA and mRNA targets experimentally observed and predicted with high confidence, was generated. miRNA:
microRNA; RA: rheumatoid arthritis.
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Figure 3. Low abundance of miRNA levels in rheumatoid arthritis neutrophils might be due to a defect in the miRNA processing. (A) Validation of the miRNA array
in PB-HD neutrophils (n=40), PB-RA neutrophils (n=40) and SF-RA neutrophils (n=40). (B) Expression of genes related to miRNA biogenesis machinery in PB-HD
(n=40), PB-RA (n=40) and SF-RA neutrophils (n=40). (C) Gene expression of putative mRNA targets of the selected miRNA in PB-HD (n=40), PB-RA (n=40) and SF-
RA neutrophils (n=40). (D) Proteome profile of chemokines and cytokines in neutrophils from PB-HD (n=10), PB-RA (n=10) and SF-RA neutrophils (n=10).  MiR:
microRNA; RA: rheumatoid arthritis; PB: peripheral blood; HD: healthy donor; SF: synovial fluid; AGO-1: argonaute-1; AGO-2: argonaute-2; XPO-5: exportin-5; VEGF-A:
vascular endothelial growth factor A; TNF-α: tumor necrosis factor-alpha; IL-1β: interleukin-1 beta; IL-8: interleukin-8; IL-6R: interleukin-6 receptor; STAT-3: signal trans-
ducer and activator of transcription 3; AKT: protein kinase B; MIP-1a/1β: macrophage inflammatory protein 1 alpha/1 beta; CCL5: chemokine (C-C motif) ligand 5;
CD40 ligand: cluster differentiation 40 ligand; C5/5a: complement component C5/5a; CXCL-1: chemokine (C-X-C motif) ligand 1; CXCL12: chemokine (C-X-C motif)
ligand 12; ICAM-1: intercellular adhesion molecule 1; IL-1ra: interleukin-1 receptor antagonist; IL-13: interleukin 13; IL-16: interleukin 16; IL-18: interleukin 18; 
IL-32a: interleukin 32 alpha; MIF: macrophage migration inhibitory factor; PAI-1: plasminogen activator inhibitor-type 1; TREM-1: triggering receptor expressed on
myeloid cells 1. Data are presented as mean ± standard error of the mean (SEM); a: significant differences vs. PB-HD P<0.05; b: significant differences vs. PB-RA
P<0.05.
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Figure 4. Reduced levels of miRNA in rheumatoid arthritis neutrophils are related to ACPA. (A) Correlation studies of reduced miRNA and DICER expression levels
in neutrophils from peripheral blood with clinical parameters such as, ACPA levels, DAS28, CRP and inflammatory markers including TNF-a and IL-6 serum cytokine
levels. (B) In vitro effect of enriched IgG-ACPA in miRNA expression in healthy neutrophils. (C) In vitro effect of enriched IgG-ACPA in the expression of genes related
to the miRNA biogenesis in healthy neutrophils. (D) In vitro effect of enriched IgG-ACPA in the mRNA expression of potential mRNA targets of the validated miRNA.
(E) Proteome profile of chemokines and cytokines in neutrophils treated with IgG-NHS and enriched IgG-ACPA.  ACPA: antibodies to citrullinated protein antigens; IgG-
NHS: immunoglobulin G from normal human serum; miR: microRNA; HD: healthy donor; DAS28: disease activity score 28; CRP: C-reactive protein; TNF-a: tumor
necrosis factor-alpha; IL-6: interleukin-6; AGO-1: argonaute-1; AGO-2: argonaute-2; XPO-5: exportin-5; VEDF-A: vascular endothelial growth factor A; IL-1β: interleukin-
1 beta; IL-8: interleukin-8; IL-6R:  interleukin-6 receptor; STAT-3: signal transducer and activator of transcription 3; AKT: protein kinase B; CCL1: chemokine (C-C motif)
ligand 1; CCL2: chemokine (C-C motif) ligand 2; MIP-1a/1β: macrophage inflammatory protein 1 alpha/1 beta; CCL5: chemokine (C-C motif) ligand 5; CD40 ligand:
cluster differentiation 40 ligand; CXCL-1: chemokine (C-X-C motif) ligand 1; CXCL12: chemokine (C-X-C motif) ligand 12; G-CSF: granulocyte colony-stimulating factor;
GM-CSF: granulocyte-macrophage colony-stimulating factor; IFN-g: interferon gamma; IL-1a: interleukin-1 alpha; PAI-1: plasminogen activator inhibitor-type 1. Data
are presented as mean ± standard error of the mean (SEM) (n= 5); a: significant differences P<0.05.
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Figure 5. Modulation of the expression of miRNA and genes involved in their processing in healthy donor neutrophils by inflammatory components - in vitro effects
of TCZ and IFX in RA active neutrophils. (A) Serum and synovial levels of TNF-α and IL-6 (40 HD-serum, 40 RA-serum and 40 RA-SF). a: significant differences vs.
HD serum P<0.05; b: significant differences vs. RA serum P<0.05. (B) Expression of miRNA and genes involved in their biogenesis machinery in HD neutrophils treat-
ed with TNF-a. (C) Expression of miRNA and genes involved in their biogenesis machinery in HD neutrophils treated with IL-6. (D) Expression of miRNA and genes
involved in their processing in RA active neutrophils treated in vitro with TCZ or IFX. (E) Gene expression of putative mRNA targets of the validated miRNA in RA active
neutrophils treated in vitro with TCZ or IFX. (F) Protein levels of putative mRNA targets of the validated miRNA in RA active neutrophils treated in vitro with TCZ or IFX.
miRNA: microRNA; HD: healthy donor; TCZ: tocilizumab; IFX: infliximab; RA: rheumatoid arthritis; AGO-1: argonaute-1; AGO-2: argonaute-2; XPO-5: exportin-5; VEGF-
A: vascular endothelial growth factor; TNF-a: tumor necrosis factor-alpha; IL-1β: interleukin-1 beta; IL-8: interleukin-8; IL-6R: interleukin-6 receptor; STAT-3: signal
transducer and activator of transcription 3; AKT: protein kinase B; Non-t: non-treated. Data are presented as mean ± standard error of the mean (SEM) of five inde-
pendent experiments; a: significant differences respective non-treated P<0.05. 
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Figure 6. miR-126, miR-148a and miR-223 regulate the expression of specific mRNA targets involved in inflammation, migration and cell survival on neutrophils.
DICER downregulation induces an inflammatory profile in neutrophils. (A) Overexpression of miR-126 decreased the expression of VEGF in RA active neutrophils. (B)
Overexpression of miR-148a decreased the expression of TNF-a in RA active neutrophils. (C) Overexpression of miR-223 decreased the expression of IL-8 and Il-1β
and increased VEGF in RA active neutrophils. (D) DICER expression levels after lentivirus transfection by PCR and Western blot. (E) Expression levels of miRNA in
DICER downregulated neutrophils. (G) Protesome array of cytokines and chemokines in HL60 neutrophil-like cells after downregulation of DICER by lentiviral trans-
fection. MiRNA: microRNA; RA: rheumatoid arthritis; VEGF-A: vascular endothelial growth factor A;  TNF-a: tumor necrosis factor-alpha; IL-8: interleukin-8; IL-1β:
ιnterleukin-1 beta; CCL1: chemokine (C-C motif) ligand 1; CCL2: chemokine (C-C motif) ligand 2; MIP-1a/1β: macrophage inflammatory proteins alpha and beta;
CCL5: chemokine (C-C motif) ligand 5; IL-1ra: interleukin 1 receptor antagonist; IL-6: interleukin-6; IL-13: interleukin-13; IL-16: interleukin-16; IL-17a: interleukin-17a;
MIP: macrophage migration inhibitory factor; PAI-1: plasminogen activator inhibitor-1; Scr: scrambled; L-Scr: lentivirus-scrambled; L-DICER: lentivirus-DICER. Data are
presented as mean ± standard error of the mean (SEM) of two independent experiments; a: significant differences P<0.05.
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various single nucleotide polymorphism have been stud-
ied in miRNA in RA.15
Our study shows a global downregulation of the

miRNA expression in RA neutrophils, more marked in SF
neutrophils, suggesting that it might contribute to the
abnormal activated profile of these cells in the synovium.
In this sense, global downregulation of miRNA has

been shown in human alveolar macrophages induced by
cigarette smoking, responsible for the changes in gene
expression associated with the disease.16 In autoimmune
disorders, we recently described a global downregulation
of the miRNA levels in neutrophils from patients with
systemic lupus erythematosus and antiphospholipid syn-
drome, which may indicate that chronic inflammation
and/or autoimmunity is associated with a reduction of
miRNA in neutrophils.17 In the present study, we demon-
strate that either ACPA or inflammatory mediators, espe-
cially TNF-a  can modulate the miRNA expression pro-
file, through a reduction of several proteins involved in its
processing, which might be translated into an increase of
genes that might be involved in inflammation, cell sur-
vival and migration. 
Up to date, no study has reported the effect of ACPA

on the expression of miRNA. In our hands, the reduced
levels of miRNA and DICER in RA neutrophils correlated
with elevated levels of ACPA. Accordingly, our in vitro
studies demonstrated a direct involvement of these
autoantibodies in the deregulation of various miRNA -
and their specific protein targets- globally related to the
pathogenesis of RA. We further demonstrated that the
global downregulation of the miRNA expression in RA
neutrophils was associated, at least partially, with the
reduced levels of DICER.  A recent study suggested the
role of DICER in neutrophils differentiation, where the
DICER inhibition attenuated the activation of autophagy,
a process that is needed for proper neutrophil differentia-
tion.12 DICER plays a crucial role in miRNA biogenesis.
Thus, it has been suggested that mRNA and protein levels
of DICER must be strictly controlled since small changes
can initiate various pathological processes.18 Here, we
prove a novel role for DICER in neutrophils, showing that
a small reduction of protein levels can induce a proinflam-
matory profile in neutrophils by downregulating several
miRNA and, hence, a number of putative targeted
cytokines and chemokines. 
Currently, little is known about the miRNA regulating

neutrophil function. Several miRNA have recently been
involved in the neutrophil development and function and
in various pathological states, including miRNA-155,
miRNA-34a, miRNA-223, miRNA-142, miRNA-452 and
miRNA-466L.19 Overexpression of miRNA-155 and
miRNA-34a in neutrophils from patients with myelodys-
plastic syndrome has been shown to contribute to an
alteration of the migration.20  In addition, decreased levels
of both, the miRNA-145 and the miRNA-143 have been
shown in acute myelogenous leukemia, which are
responsible for the blockade of the differentiation process
of the neutrophils.21
Alongside with previous evidence, here we show that

miRNA-223 is one of the most abundant miRNA on neu-
trophils.22 It has recently been demonstrated that the
miRNA-223 is an important regulator blocking the infil-
tration of neutrophils in alcoholic hepatic disease.22
Supporting a role for this miRNA in the infiltration capac-
ity of the neutrophils, in the present work we demon-

strated how the overexpression of the miRNA-223 in
neutrophils of RA patients reduced specifically the
expression of IL-1  and IL-8, molecules involved in
inflammation and migration.
The role of the miRNA-126 in the vascular integrity has

been also evidenced.23 We observed reduced levels of the
miRNA-126 in RA neutrophils, while its induced overex-
pression in RA neutrophils significantly reduced the levels
of VEGF, pointing to the role of this miRNA in neutrophil
adhesion and migration. 
Multiple functions have been attributed to miRNA-

148a in several diseases and low levels of miRNA-148
have been shown to be related to less survival time and
increased recurrence risk in bladder cancer.24 In addition,
miRNA-148 has been related to innate and adaptive
immune responses.25 Our data is in agreement with these
studies, since we found reduced levels of the miRNA-148
in RA neutrophils, associated to increased levels of TNF-
, a key inflammatory protein driving the RA disease. 
Other miRNA found decreased in RA neutrophils, such

as miRNA-21, Let-7 and miRNA-30, have previously
been reported to be altered in different types of tumors,
thus playing a relevant role in tumorigenesis, invasion
and metastasis of cancer cells.26-29 In addition, Let-7 and
miRNA-17 regulate the T-cell response.27,30 Finally, a
recent study demonstrated that the levels of all the mem-
bers of the miRNA29 family were decreased in PB
mononuclear cells and CB34+ cells of the bone marrow of
acute myelogenous leukemia patients. The normalization
of their levels partially inhibited the abnormal prolifera-
tion of the blasts, blocked the myeloid differentiation and
repressed the apoptosis.31
TNF-a  and IL-6 are key inflammatory effectors in RA,

whose levels are elevated in RA serum and further
increased in RA SF. We found a marked effect of TNF-a
on neutrophils, lowering the expression of genes related
to miRNA processing (including DICER and AGO-1) and
downregulating the eight miRNA selected. By contrast,
IL-6 had  less effect but was still able to reduce the levels
of miRNA-126, let-7b and miRNA-17 alongside with the
expression of AGO-1 and AGO-2. Treatment of active
RA neutrophils with IFX or TCZ reduced the inflamma-
tory profile, by downregulating the gene expression of
VEGFA, TNF-a, IL-1β, IL8, IL6R and STAT3. However,
only IFX was able to restore the global levels of selected
miRNA, alongside with genes involved in their process-
ing in RA neutrophils, an effect that might be expected
after the efficciency of TNF-a  observed to reduce the
miRNA levels, thus suggesting that IFX might specifically
minimize the abnormal profile of the RA neutrophils
through the inhibition of TNF-a, which directly acts by
reducing the expression of miRNA. In agreement with
these results, we recently demonstrated that in vivo treat-
ment with anti-TNF-a drugs for six months regulated the
levels of several miRNA in the plasma of RA patients.
Moreover, miRNA-23 and miRNA-223 were identified as
potential biomarkers of therapy effectiveness.32
Altogether, our study shows that neutrophils from RA

patients have a defect in the miRNA biogenesis machin-
ery, are more marked in SF neutrophils, and are induced
by ACPA and inflammatory mediators. This defect might
be directly associated with the abnormal neutrophil acti-
vation, thus increasing their proinflammatory profile,
observable by the higher expression of a number of
chemokines and cytokines. 
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Among the miRNA altered in RA neutrophils, we
demonstrate that the miRNA-223, miRNA-126 and
miRNA-148 are involved in the modulation of genes
involved in processes such as migration, inflammation
and cell survival in neutrophils. Finally, biological thera-
pies would be able to improve miRNA processing, upreg-
ulating the levels of miRNA, which might reduce the acti-
vation of the neutrophil.
Beyond the regulation of miRNA in RA neutrophils,

there are likely other epigenetic mechanisms that poten-
tially contribute to the abnormal activation of these cells
in RA context, such as chromatin modification. 
This study has several limitations: it is a cross-sectional

study in which consecutive patients from standard clini-
cal practice were recruited. These patients were treated
with standard therapy, including immunosuppressants, at
the time of the sample and clinical detail collection. Thus,
the effects of specific treatments on the expression levels
of miRNA or the molecules involved in their biogenesis in
neutrophils was not analyzed. 
The isolation of neutrophils with anti-CD15

microbeads is a further potential limitation of this work,
however, up to date no  unique method for the isolation
of neutrophil isolation has been accepted worldwide and
differing techniques have shown either some activation
or functional impairment of the cells and the presence of
small amounts of contaminating cells. 
Choosing an adequate method to isolate neutrophils

from SF is thus challenging. In our hands, after testing  a
variety of potential priming/ activation techniques and
the percentage of contaminating cells, the isolation of

neutrophils with anti-CD15 microbeads was chosen as a
suitable approach to obtain sufficiently numbers of inac-
tivated neutrophils. Nevertheless, a consensus on the
selection of the right isolation method that allows the
comparison of neutrophil paired samples from SF and PB
is still needed. 
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