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Abstract
Objective

To evaluate the micro-RNA (miRNA) expression profile in patients with early psoriatic arthritis (PsA) in order to assess 
the role of miRNAs as potential PsA biomarkers.

Methods
The expression of 723 mature miRNAs in peripheral blood mononuclear cells of early PsA patients in comparison 

with early-rheumatoid arthritis (ERA) patients and healthy controls (HC) was evaluated using a miRNA microarray. 
All patients had active disease and were naïve from treatment. The results were validated for a specific miRNA (miR-21-5p) 

in the entire series of patients plus an additional group of early PsA, ERA and HC using droplet digital PCR.

Results
In PsA, microarray analysis revealed a distinct pattern of 19 (vs. HC) and 48 (vs. ERA) deregulated miRNAs (p<0.05). 

The significant up-regulation of miR-21-5p both in early PsA and in ERA in comparison with HC was validated and 
confirmed. In PsA, miR-21-5p was found significantly down regulated after 12 weeks of therapy, which significantly 

correlated with the reduction of DAPSA score.

Conclusion
In early PsA, a 19- (vs. HC) and 48- (vs. ERA) miRNA signature was identified. A differential expression of miRNAs in 
patients with active disease makes them attractive biomarkers of psoriatic disease. MiR-21-5p was found up-regulated 

both in early PsA and ERA, a finding which highlights its role in the inflammatory process in general and its potential role 
as a therapeutic target in different inflammatory disorders. A potential role of miR-21-5p as a response to treatment 

biomarker in early PsA has been identified. 
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Introduction
Psoriatic arthritis (PsA) is a chronic 
inflammatory disorder associated with 
psoriasis whose pathogenesis is not yet 
fully understood (1). MiRNAs are small 
non-coding RNAs whose main function 
is to modulate the expression of target 
genes at a post-transcriptional level via 
translation inhibition or mRNA degra-
dation (2). Emerging evidences have re-
cently linked miRNA altered expression 
with the pathogenesis of several autoim-
mune inflammatory disorders, including 
psoriasis and a role for miRNAs as rheu-
matic diseases biomarkers has been hy-
pothesised (3-5). In addition, in patients 
with psoriasis anti- TNF-α therapy has 
a relevant effect on the serum level of 
numerous miRNAs (6, 7). 
In this study, we evaluated the global 
miRNA expression profile in peripheral 
blood mononuclear cells (PBMCs) of 
patients with early active and treatment 
naïve PsA in comparison with healthy 
controls (HC) and early rheumatoid ar-
thritis (ERA) patients with the purpose 
to assess the role of miRNAs as poten-
tial biomarkers and their modifications 
linked to therapy.

Materials and methods 
Patients and controls
Blood samples of 39 consecutive early 
PsA patients, 26 consecutive ERA pa-
tients and 16 HC were collected. To 
be enrolled, PsA patients had to sat-
isfy CASPAR classification criteria (8) 
and ERA patients had to meet the 2010 
ACR/EULAR criteria for RA classifi-
cation (9).
To rule out any possible influence of 
drug treatment on miRNA expression, 
all PsA and ERA patients should have 
never been previously treated with glu-
cocorticoids or disease-modifying anti-
rheumatic drugs. Non-steroidal anti-in-
flammatory drugs were also suspended 
at least 5 days before blood sampling. 
During this period only pure analgesics 
were admitted. In PsA patients disease 
activity was measured by Disease Ac-
tivity for Psoriatic Arthritis (DAPSA) 
score (10). Based on current available 
literature data (11, 12), DAPSA cut-off 
for low and high disease activity have 
been set at 16 and 31 points, respec-
tively. Disease activity in ERA patients 

was evaluated by the Disease Activity 
Score (DAS28-ESR) categorised as 
follows: >5.1, high disease activity; 
≤3.2, low disease activity; and  <2.6, 
remission (13). Written informed con-
sent was obtained from all the partici-
pants according to the Declaration of 
Helsinki and the study has been ap-
proved by the local ethics committee 
(Comitato Etico Unico della Provincia 
di Ferrara; approval code: 090586).

Sample preparation and RNA extraction 
For miRNA expression studies, ten mil-
liliters of EDTA-anticoagulated whole 
blood was obtained from each subject. 
Mononuclear leukocytes (lymphocytes 
and monocytes) were isolated by den-
sity gradient centrifugation as follows: 
EDTA-treated peripheral blood was 
diluted 1:2 with phosphate buffered sa-
line (PBS) and 6–7 ml of diluted blood 
was laid over 3 mL of Lympholyte-H 
(CL5010, Cederlane laboratories Ltd) 
according to the manufacturer’s in-
structions. Tubes were then centrifuged 
at 800 g for 20 minutes and the mono-
nuclear cell fraction was washed once 
with phosphate buffered saline (PBS). 
RNA was isolated using Trizol LS Rea-
gent (Invitrogen) as in manufacturer’s 
instructions. Sample quality was as-
sessed by Agilent 2100 Bioanalyzer 
(Agilent Technologies).

MicroRNA microarray analysis
The global miRNA expression in PB-
MCs was investigated in the first 21 out 
of 39 consecutive PsA patients and in the 
first 10 out of 26 consecutive ERA re-
cruited, as well as in 12 out of 16 HC us-
ing Agilent Human miRNA microarray 
version 2 (no. G4470B, Agilent Tech-
nologies) (14). This microarray consists 
of 60-mer DNA probes synthesised in 
situ and contains 15,000 features which 
represent 723 human miRNAs, sourced 
from the Sanger miRBASE database 
(Release 10.1). RNA labeling and hy-
bridisation were performed following 
the manufacturer’s indications. Agilent 
scanner and the Feature Extraction 10.5 
software (Agilent Technologies) were 
used to obtain microarray raw-data. Mi-
croarray raw data have been submitted 
to ArrayExpress database (Accession 
number E-MTAB-3956). 
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Microarray results were analysed using 
the GeneSpring GX 13 software (Agi-
lent Technologies). Data transforma-
tion was applied to set all the negative 
raw values at 1.0, followed by a quan-
tile normalisation and a log2 trans-
formation. Filters on gene expression 
were used only to keep the miRNAs ex-
pressed in at least one sample (flagged 
as P). Differentially expressed genes 
were identified by applying a mod-
erated t-test in with adjusted p<0.05 
(Benjamini and Hoechberg correction). 
Differentially expressed miRNAs were 
employed in Cluster Analysis, using 
the Manhattan correlation as a measure 
of similarity and the complete linkage 
rule for genes and samples clusterisa-
tion. For Cluster image generation, 
an additional step of normalisation on 
gene median across all samples was 
added. DIANA-miRPath v. 3.0 was 
used to map the unifying functional 
pathways of differentially expressed 
miRNAs (15).

Droplet digital PCR 
The results were validated for a spe-
cific miRNA in the entire series of pa-
tients examined by microarray plus in 
other 18 PsA, 16 ERA and 4 HC, using 
droplet digital PCR (ddPCR), a novel 
and sensitive technology for miRNA 
quantification (16).

Reverse transcription and ddPCR
For miRNA expression validation with 
TaqMan assays, miR-21-5p and RNU6 
were reverse-transcribed individually 
using TaqMan miRNA Reverse Tran-
scription kits (Life Technologies). For 
each sample, 5 μl RNA was reverse-
transcribed in a 15μl reaction using the 
standard protocol and primers specific 
for the two miRNAs: miR-21-5p (as-
say ID 000397) and RNU6 (assay ID 
001973). Then, 1.3 μl of the resulting 
cDNA was prepared for amplification 
in a 20 μl reaction volume containing 
10 μl 2X ddPCR Supermix for Probes 
(Bio-Rad) and 1 μl 20X TaqMan miR-
NA PCR primer probe set.

ddPCR workflow
ddPCR was performed as described 
(16). Each ddPCR assay mixture (20 
μl) was loaded into a disposable droplet 
generator cartridge (Bio-Rad). Then, 70 
μl of droplet generation oil for probes 
(Bio-Rad) was loaded into each of the 
eight oil wells. The cartridge was then 
placed inside the QX200 droplet gen-
erator (Bio-Rad). When droplet genera-
tion was completed, the droplets were 
transferred to a 96-well PCR plate (Ep-
pendorf) using a Rainin multichannel 
pipet. The plate was heat-sealed with 
foil and placed in a conventional ther-
mal cycler. Thermal cycling conditions 

were: 95°C for 10 min, then 40 cycles 
of 95°C for 15 s and 60°C for 1 min 
(ramping rate reduced to 2%), and a fi-
nal inactivation step at 98°C for 10 min. 

Statistical analysis 
Statistical analyses were performed with 
GraphPad Prism 6 software (GraphPad 
software, CA, USA). Unpaired t-test 
was used for two-group comparisons; 
Welch’s correction was added when 
the variances were significantly differ-
ent between the two groups. Two-sided 
p-value was always calculated. Cor-
relation analysis between individual 
miRNAs and DAS28 or DAPSA scores 
were performed using GraphPad 6.0 
software. As level of statistically signifi-
cant difference a value of p<0.05 was 
assumed.

Results
Demographics and baseline data
All PsA patients (M:21, F:18; mean 
age: 40.5 years; mean disease duration: 
7.8 months) had moderate (DAPSA 
≥16 and <30) or high (DAPSA ≥31) 
disease activity. Main demographic, 
clinical and laboratory characteristics 
of PsA patients are detailed in Table I. 
All ERA patients [M:10, F:16; mean 
age: 45.1 years (S.D. 8.6); mean dis-
ease duration:5.5 months (S.D. 1,6)] 
had moderate to high active disease 

Table I. Demographic, clinical and labora-
tory characteristics of PsA patients (n=39).

Characteristics	 Value

Age, years 	 40.5	±	7.6
Male/Female, n	 21/18
Disease duration, months	 7.8	±	2.9
Psoriasis, n (%)	 31	 (79.4%)
Peripheral joint disease, n (%)	 32	 (82%)
Inflammatory low back pain, n (%)	 5	 (12.8%)
Established axial disease, n (%)	 1	 (2.5%)
Enthesitis, n (%)	 25	 (64.1%)
Dactylitis, n (%)	 19	 (48.7%)
ESR, mm/h	 36	±	6.2
CRP, mg/dl 	 2.1	±	1.0
Positive ACPA, n (%)	 0 
Positive RF, n (%)	 0
DAPSA	 23.19	±	6.16

Except where indicated otherwise, values are the 
mean ± SD.
ESR: erythrocyte sedimentation rate (normal val-
ue: <24 mm/h); CRP: C-reactive protein (normal 
value: <0.6 mg/dl); ACPA: anti-citrullinated pro-
tein antibody; RF: rheumatoid factor; DAPSA: 
disease activity in psoriatic arthritis.

Table II. Significantly deregulated miRNAs in PBMCs from patients with PsA compared 
with HC.

MicroRNA	 p (Corr) 	 Fold change	 Regulation	 HC (log2	 PsA (log2
				    expression)	 expression)
					   
hsa-miR-21-5p	 0.03	 1.37	 up	 0.06	 0.52
hsa-miR-21-3p	 0.03	 3.58	 up	 -0.69	 1.14
hsa-miR-324-5p	 0.03	 1.65	 up	 0.03	 0.75
hsa-miR-326	 0.03	 1.29	 up	 0.07	 0.44
hsa-miR-424-5p	 0.03	 1.47	 up	 -0.16	 0.39
hsa-miR-923_v12.0	 0.04	 2.13	 up	 0.38	 1.48
hsa-miR-140-5p	 0.05	 1.22	 up	 0.01	 0.30
hsa-miR-19b-1-5p	 0.05	 3.34	 up	 0.51	 2.25
hsa-miR-301b	 0.05	 1.28	 up	 -0.08	 0.27
hsa-miR-582-5p	 0.05	 1.44	 up	 -0.11	 0.42
hsa-miR-106b-5p	 0.05	 1.20	 up	 0.06	 0.33
hsa-miR-15a-5p	 0.05	 1.20	 up	 0.03	 0.29
hsa-miR-19a-3p	 0.05	 1.29	 up	 0.05	 0.42
hsa-miR-301a-3p	 0.05	 1.29	 up	 0.09	 0.46
hsa-miR-627	 0.05	 3.17	 up	 0.67	 2.33
hsa-miR-744-5p	 0.05	 2.07	 up	 -0.83	 0.23
hsa-miR-361-3p	 0.05	 1.18	 down	 0.03	 -0.21
hsa-miR-374b-5p	 0.05	 1.13	 down	 0.05	 -0.12
hsa-miR-892b	 0.05	 4.14	 down	 -0.25	 -2.30

PBMCs: peripheral blood mononuclear cells; PsA: psoriatic arthritis; HC: healthy controls.
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[DAS28-ESR: 4.77 (S.D. 1.24)]. Rheu-
matoid factor (RF) and/or anti-citrul-
linated protein antibody (ACPA) were 
positive in 18 (69.2%) patients. HC 
were matched for age and sex [M:9; 
F:7; mean age: 41.5 years (S.D.3.6)]

PSA vs. HC 
Microarray analysis revealed a distinct 
pattern of 19 significantly deregulated 
miRNAs in PBMCs of the 21 PsA pa-
tients compared to 12 HC (p<0.05) 
(Table II). Sixteen miRNAs were up-
regulated in PsA and three were down-
regulated. The hierarchical clustering 
based on the 19 deregulated miRNAs 
evidenced a good separation between 
PsA and HC samples (Fig. 1a).  Fur-
ther, we identified the validated targets 
(Tarbase v. 7.0 database) for the 19 dif-
ferentially expressed miRNAs and their 
enriched functional pathways using 
DIANA-miRPath (15). The miRNA vs. 
pathway heatmap is provided in Fig. 1b.  

PSA vs. ERA 
Microarray analysis revealed a pattern 

of 48 miRNAs significantly deregu-
lated in PBMCs of 21 PsA patients 
compared to 10 ERA (Table III). Thir-
teen miRNAs were up-regulated and 
35 down-regulated in PsA (p<0.05). 
The hierarchical clustering based on 
the deregulated miRNAs evidenced 
a good separation between PSA and 
ERA samples events (Fig. 2a). Moreo-
ver, we identified the validated targets 
(Tarbase database) for the 48 differ-
entially expressed miRNAs and their 
enriched functional pathways using 
DIANA-miRPath (15). The miRNA  
versus pathway heatmap is provided in 
Fig. 2B.  

ERA vs. HC 
Microarray analysis identified 114 
significantly deregulated miRNAs (74 
up-regulated and 40 down-regulated, 
adjusted p<0.05) in PBMCs of 10 ERA 
patients tested compared to 12 HC 
(Table IV). The hierarchical clustering 
based on the deregulated miRNAs evi-
denced a clear separation between the 
two groups (Fig. 3).

MicroRNA deregulated in PsA and 
ERA vs. HC but not in PsA vs. ERA
A restricted group of 9 micro-RNAs 
resulted deregulated by microarray 
both in PsA vs. HC and in ERA vs. 
HC, namely 8 up-regulated miRNAs 
(miR-21-5p, miR-106b-5p, miR-19a-
3p, miR-19b-1-5p, miR-301a-3p, miR-
301b, miR-326 and miR-424-5p) and 
1 down-regulated miRNA (miR-892b) 
(Table II and IV). For each of these 
miRNAs no difference emerged from 
the comparison between PsA and ERA 
(Table III). 

Validation of miR-21-5p by ddPCR
MiR-21-5p was validated in the entire 
series of 39 PsA patients, 26 ERA pa-
tients and 16 HC. The significant up-
regulation of miR-21-5p both in PsA 
and in ERA patients in comparison 
with HC was confirmed (Fig. 4)

Correlation of miR-21-5p with 
disease activity in PsA and ERA
In PsA patients, no correlation between 
the expression of miR-21-5p and DAP-

Fig. 1. MicroRNA signature of early PsA. A: Heatmap representation and cluster analysis 21 PsA patients (blue) and 12 healthy controls (HC, pink) 
performed using the list of miRNAs that are differentially expressed in PBMCs from PsA and HC (n=19). MicroRNAs that are down-regulated in PsA are 
coloured in green, up-regulated are coloured in red. B: Heatmap of differentially expressed miRNAs vs. significantly enriched functional pathways (Diana 
miRpath software). Darker colours represent higher enrichment significance at Fisher’s Exact Test, as indicated by the colour bar.
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SA score was found (p=0.57) (Fig. 5a). 
In ERA patients a trend for correlation 
between miR-21-5p and DAS-28 was 
demonstrated but it was not statistical-
ly significant (p=0.07) (Fig. 5B).

MiR-21-5p and treatment response 
We investigated miR-21-5p as poten-
tial biomarker of treatment response in 
PsA. MiR-21-5p expression at baseline 
and after 12 weeks of drug therapy was 
assessed in 9 subjects randomly chosen 

among the first 21 PsA patients. Six pa-
tients were treated with methotrexate 
10 mg/week+ low-dose steroids; two 
patients with etanercept 50 mg/week; 
one patient with low-dose steroids + cy-
closporine 3 mg/kg/die. After 12 weeks 
all the 9 patients achieved a significant 
improvement of their disease activ-
ity (>70% reduction of DAPSA) (Fig. 
6A) and a significant downregulation of 
miR-21-5p in eight out of nine patients 
was evidenced (p<0.05) (Fig. 6b).

Discussion
In this study, we have evidenced a sig-
nificantly different miRNA expression 
profile in PBMCs of patients with PsA 
in comparison with healthy subjects 
and patients with ERA, thus proving 
the existence of a miRNA signature in 
patients with early active PsA. These 
findings highlight the importance of 
this novel class of genes as potential 
biomarkers in PsA and could also es-
tablish a novel starting point for under-
standing the pathogenetic mechanisms 
of this disease.
Within the miRNAs up-regulated in 
PsA versus HC, 5 have been recently 
described as up-regulated also in PB-
MCs of patients with cutaneous pso-
riasis in comparison with healthy con-
trols, namely miR-21-5p, miR-21-3p, 
miR-15a, miR-140-5p and miR-582-5p 
(5). Sharing an aberrant expression of a 
restricted group of miRNAs is coherent 
with the hypothesis that psoriasis and 
PsA have a common pathogenic path-
way (17, 18). If confirmed on a larger 
series of patients, this finding could 
also represent a starting point for future 
studies on targeted therapies.
A restricted group of 9 micro-RNAs re-
sulted deregulated both in PsA versus 
HC and in ERA versus HC. For each of 
these miRNAs no difference emerged 
from the comparison between PsA and 
ERA. Among these miRNAs, miR-21-
5p appeared of particular interest be-
cause of the extent of its modulation as 
well as its growing biological relevance. 
Hsa-miR-21 genetic locus generates 2 
mature miRNAs, miR-21-3p (formerly, 
miR-21*) and miR-21-5p (formerly, 
miR-21) (19). Mir-21-5p was found up-
regulated in malignancy (20, 21) and a 
role for miR-21 has recently been report-
ed in several inflammatory and autoim-
mune diseases such as type 1 diabetes, 
multiple sclerosis, systemic lupus ery-
thematosus, RA, asthma, ulcerative co-
litis and psoriasis (22-29). Furthermore, 
a number of investigations suggest that 
miR-21 plays functional roles in many 
immune cells such as B cells, T cells 
and dendritic cells producing pathogenic 
cytokines involved in autoimmune and 
inflammatory responses (24, 30, 31). On 
these grounds, we focused on miR-21-
5p and we confirmed its up-regulation 

Table III. Significantly deregulated miRNAs in PBMCs from patients with PsA compared 
with ERA.

MicroRNA	 p (Corr) 	 Foldchange	 Regulation	 PsA (log2	 ERA (log2
				    expression)	 expression)
					   
hsa-miR-224-5p	 0.002	 23.77	 up	 -1.31	 3.26
hsa-miR-152	 0.001	 19.24	 up	 -0.31	 3.96
hsa-miR-127-3p	 0.008	 18.00	 up	 0.05	 4.22
hsa-miR-154-5p	 0.003	 15.59	 up	 -0.29	 3.67
hsa-miR-575	 0.009	 12.17	 up	 0.78	 4.38
hsa-miR-376a-5p	 0.004	 11.98	 up	 -1.06	 2.52
hsa-miR-141-3p	 0.006	 11.36	 up	 0.87	 4.38
hsa-miR-503	 0.001	 11.32	 up	 -0.04	 3.46
hsa-miR-181d	 0.001	 10.72	 up	 -1.05	 2.37
hsa-miR-136-5p	 0.008	 10.23	 up	 0.23	 3.58
hsa-miR-381	 0.009	 10.00	 up	 0.30	 3.63
hsa-miR-337-5p	 0.006	 9.88	 up	 -0.04	 3.27
hsa-miR-22-5p	 0.005	 9.30	 up	 0.60	 3.81
hsa-miR-133b	 0.003	 8.86	 up	 -0.89	 2.26
hsa-miR-548am-5p	 0.003	 8.65	 up	 1.53	 4.64
hsa-miR-421	 0.005	 8.61	 up	 -1.28	 1.83
hsa-miR-382-5p	 0.008	 8.27	 up	 -1.01	 2.04
hsa-miR-1	 0.006	 8.15	 up	 -0.74	 2.29
hsa-miR-32-5p	 0.011	 7.97	 up	 0.56	 3.56
hsa-miR-134	 0.011	 7.57	 up	 -0.07	 2.85
hsa-miR-539-5p	 0.005	 7.56	 up	 -0.73	 2.18
hsa-miR-299-5p	 0.011	 6.79	 up	 -1.19	 1.57
hsa-miR-485-3p	 0.009	 6.77	 up	 -0.73	 2.03
hsa-miR-181c-3p	 0.009	 6.02	 up	 0.61	 3.20
hsa-miR-15a-3p	 0.003	 5.94	 up	 0.06	 2.63
hsa-miR-629-3p	 0.011	 5.41	 up	 0.00	 2.43
hsa-miR-627	 0.012	 5.14	 up	 2.33	 4.70
hsa-miR-30d-3p	 0.005	 4.85	 up	 -0.51	 1.77
hsa-miR-339-3p	 0.006	 4.72	 up	 -0.92	 1.32
hsa-miR-335-5p	 0.004	 4.31	 up	 0.97	 3.08
hsa-miR-92a-1-5p	 0.012	 4.26	 up	 -0.15	 1.95
hsa-miR-598	 0.006	 3.58	 up	 0.87	 2.71
hsa-miR-21-3p	 0.006	 2.89	 up	 1.14	 2.68
hsa-miR-551b-3p	 0.008	 2.55	 up	 0.16	 1.51
hsa-miR-877-3p	 0.006	 2.47	 down	 0.47	 -0.83
hsa-miR-34a-5p	 0.009	 2.28	 up	 0.38	 1.57
hsa-miR-551a	 0.012	 2.25	 down	 0.34	 -0.83
hsa-miR-33b-5p	 0.006	 2.25	 down	 0.34	 -0.83
hsa-miR-299-3p	 0.006	 2.21	 down	 0.32	 -0.83
hsa-miR-153	 0.006	 2.21	 down	 0.31	 -0.83
hsa-miR-887	 0.008	 2.21	 down	 0.31	 -0.83
hsa-miR-623	 0.003	 2.20	 down	 0.31	 -0.83
hsa-let-7f-1-3p	 0.006	 2.14	 down	 0.27	 -0.83
hsa-miR-106a-3p	 0.004	 2.14	 down	 0.27	 -0.83
hsa-miR-513a-5p	 0.013	 2.13	 down	 0.26	 -0.83
hsa-miR-296-5p	 0.005	 2.07	 down	 0.22	 -0.83
hsa-miR-28-3p	 0.011	 2.04	 down	 0.20	 -0.83
hsa-miR-345-5p	 0.006	 2.02	 down	 0.18	 -0.83

PBMCs: peripheral blood mononuclear cells; PsA: psoriatic arthritis; ERA: early rheumatoid arthritis.
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by ddPCR in the entire series of PsA 
and ERA patients in comparison with 
HC. These results seem to support the 
hypothesis that miR-21 could have a rel-
evant role in the pathogenesis of various 
autoimmune disorders and more gener-
ally in the inflammatory process (29). 
In our PsA patients the expression level 
of miR-21-5p did not correlate with 
disease activity as measured by DAP-
SA score, while a trend for correlation 
between the expression of miR-21-5p 
and the DAS-28 was demonstrated in 
ERA patients, although without statisti-
cal significance. To this regard it should 
be considered that DAPSA score does 

Fig. 3. MicroRNA 
signature of ERA. 
Heatmap represen-
tation and cluster 
analysis 10 ERA 
patients (cyan) 
and 12 HC (pink) 
obtained using the 
list of miRNAs 
that are differen-
tially expressed in 
PBMCs from PsA 
and HC (n=114).

Fig. 2. MicroRNA signature of early PsA compared 
to ERA. 
A: Heatmap representation and cluster analysis 21 
PsA patients (blue) and 10 ERA (cyan) performed 
using the list of miRNAs that are differentially ex-
pressed in PBMCs from PsA and HC (n=48). 
B: Heatmap of differentially expressed miRNAs 
versus significantly enriched functional pathways 
(Diana miRpath software). Darker colours represent 
higher enrichment significance at Fisher’s exact test, 
as indicated by the colour bar.
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not include any relevant items typical 
of the psoriatic disease spectrum such 
as enthesitis, dactylitis, axial or skin 
involvement that are included in the re-

cently proposed new composite activity 
indices (11). Further studies carried out 
by applying these new activity indices 
would be desiderable to clarify the real 

role of miR-21-5P as a marker of dis-
ease activity in early PSA. 
In a small sample of our PsA patients 
we have shown a significant deregula-

MicroRNA	 p (Corr) 	 Fold	 Regulation	 HC	 ERA
		  change		   (log2	 (log2
				    expres.	 expres.
 	 	 	 	 	     
hsa-miR-324-5p	 <0.00000	 3.25	 up	 0.03	 1.73
hsa-miR-27a-3p	 0.00002	 1.73	 up	 0.01	 0.8
hsa-miR-548am-5p	 0.0001	 16.01	 up	 0.64	 4.64
hsa-miR-503	 0.0003	 13.82	 up	 -0.32	 3.46
hsa-miR-148a-3p	 0.0003	 1.54	 up	 0.03	 0.65
hsa-miR-18a-5p	 0.0003	 1.78	 up	 -0.03	 0.79
hsa-miR-19b-1-5p	 0.0003	 11.11	 up	 0.51	 3.99
hsa-miR-34a-5p	 0.0003	 2.96	 up	 0.01	 1.57
hsa-miR-627	 0.0003	 16.3	 up	 0.67	 4.7
hsa-miR-21-3p	 0.0005	 10.34	 up	 -0.69	 2.68
hsa-miR-21-5p	 0.0006	 1.68	 up	 0.06	 0.81
hsa-miR-126-5p	 0.0006	 1.74	 up	 -0.04	 0.76
hsa-miR-335-5p	 0.0007	 8.13	 up	 0.06	 3.08
hsa-miR-141-3p	 0.0007	 17.04	 up	 0.29	 4.38
hsa-miR-301b	 0.0007	 1.7	 up	 -0.08	 0.68
hsa-miR-193a-3p	 0.0008	 15.72	 up	 0.23	 4.2
hsa-miR-19a-3p	 0.0008	 1.8	 up	 0.05	 0.9
hsa-miR-152	 0.0009	 12.04	 up	 0.37	 3.96
hsa-miR-200b-3p	 0.0009	 11.69	 up	 0.71	 4.26
hsa-miR-22-5p	 0.0009	 10.99	 up	 0.36	 3.81
hsa-miR-337-5p	 0.0009	 11.56	 up	 -0.27	 3.27
hsa-miR-379-5p	 0.0009	 15.15	 up	 0.22	 4.15
hsa-miR-598	 0.0009	 6.59	 up	 -0.01	 2.71
hsa-miR-17-3p	 0.0010	 1.65	 up	 0.05	 0.78
hsa-miR-33a-5p	 0.0011	 14.88	 up	 -0.1	 3.79
hsa-miR-542-5p	 0.0014	 10.73	 up	 -0.18	 3.25
hsa-miR-136-5p	 0.0014	 12.9	 up	 -0.1	 3.58
hsa-miR-32-5p	 0.0014	 12.26	 up	 -0.06	 3.56
hsa-miR-15a-3p	 0.0020	 6.47	 up	 -0.07	 2.63
hsa-miR-181d	 0.0022	 5.12	 up	 0.02	 2.37
hsa-miR-18b-5p	 0.0023	 1.63	 up	 0.06	 0.76
hsa-miR-301a-3p	 0.0023	 1.69	 up	 0.09	 0.84
hsa-miR-575	 0.0023	 15.69	 up	 0.41	 4.38
hsa-miR-801_v10.1	 0.0026	 9.52	 up	 0.89	 4.14
hsa-miR-106b-5p	 0.0031	 1.52	 up	 0.06	 0.67
hsa-miR-874	 0.0032	 6.58	 up	 -0.02	 2.7
hsa-miR-154-5p	 0.0033	 12.5	 up	 0.03	 3.67
hsa-miR-590-5p	 0.0034	 2.02	 up	 0.01	 1.03
hsa-miR-551b-3p	 0.0048	 4.39	 up	 -0.63	 1.51
hsa-miR-431-5p	 0.0054	 16.11	 up	 0.76	 4.77
hsa-miR-381	 0.0054	 11	 up	 0.17	 3.63
hsa-miR-144-5p	 0.0060	 12.23	 up	 0.23	 3.84
hsa-miR-130a-3p	 0.0061	 1.65	 up	 0.02	 0.74
hsa-miR-181c-3p	 0.0066	 6.31	 up	 0.54	 3.2
hsa-miR-29b-3p	 0.0069	 2.19	 up	 0.15	 1.28
hsa-miR-127-3p	 0.0076	 11.24	 up	 0.73	 4.22
hsa-miR-424-5p	 0.0081	 1.82	 up	 -0.16	 0.7
hsa-miR-629-5p	 0.0123	 4.29	 up	 0.22	 2.33
hsa-miR-326	 0.0134	 1.52	 up	 0.07	 0.68
hsa-miR-30e-5p	 0.0135	 1.56	 up	 0.04	 0.69
hsa-miR-758	 0.0139	 9.7	 up	 0.19	 3.47
hsa-miR-142-5p	 0.0143	 1.96	 up	 0.09	 1.06
hsa-miR-144-3p	 0.0195	 14.11	 up	 -0.16	 3.66
hsa-miR-210	 0.0202	 2.74	 up	 -0.31	 1.14
hsa-miR-30d-3p	 0.0209	 3.48	 up	 -0.03	 1.77
hsa-miR-376c	 0.0210	 2.29	 up	 -0.1	 1.09
hsa-miR-486-3p	 0.0229	 5.16	 up	 0.18	 2.54

hsa-miR-542-3p	 0.0240	 4.88	 up	 -0.23	 2.06
hsa-miR-628-5p	 0.0245	 2.81	 up	 -0.51	 0.98
hsa-miR-1	 0.0251	 9.33	 up	 -0.94	 2.29
hsa-miR-421	 0.0251	 4.87	 up	 -0.46	 1.83
hsa-miR-423-3p	 0.0251	 3.49	 up	 0.03	 1.84
hsa-miR-340-5p	 0.0254	 3.1	 up	 -0.46	 1.17
hsa-miR-30b-3p	 0.0279	 3.78	 up	 0.04	 1.96
hsa-miR-502-5p	 0.0321	 4.16	 up	 0.04	 2.1
hsa-miR-539-5p	 0.0321	 6.71	 up	 -0.56	 2.18
hsa-miR-339-3p	 0.0322	 3.29	 up	 -0.4	 1.32
hsa-miR-376a-5p	 0.0322	 7.75	 up	 -0.43	 2.52
hsa-miR-744-5p	 0.0322	 3.46	 up	 -0.83	 0.96
hsa-miR-139-5p	 0.0327	 6.96	 up	 0.74	 3.54
hsa-miR-493-5p	 0.0327	 8.76	 up	 0.1	 3.23
hsa-miR-92a-1-5p	 0.0423	 3.53	 up	 0.12	 1.95
hsa-miR-624-5p	 0.0451	 3.14	 up	 0.27	 1.92
hsa-miR-30c-1-3p	 0.0462	 2.84	 up	 0.2	 1.71
hsa-let-7f-1-3p	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-106a-3p	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-153	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-203	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-299-3p	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-551a	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-623	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-630	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-877-3p	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-887	 0.0003	 1.82	 down	 0.03	 -0.83
hsa-miR-342-3p	 0.0009	 1.72	 down	 0	 -0.78
hsa-miR-342-5p	 0.0012	 1.71	 down	 0.1	 -0.67
hsa-miR-150-5p	 0.0018	 1.72	 down	 0	 -0.79
hsa-miR-768-3p_v11.0	0.0022	 1.56	 down	 0.06	 -0.59
hsa-miR-1228-3p	 0.0082	 1.53	 down	 0.02	 -0.6
hsa-miR-892b	 0.0148	 7	 down	 -0.25	 -3.06
hsa-miR-33b-5p	 0.0165	 2.04	 down	 0.2	 -0.83
hsa-miR-1229	 0.0166	 2.04	 down	 0.2	 -0.83
hsa-miR-125b-5p	 0.0166	 3.89	 down	 0.15	 -1.81
hsa-miR-28-3p	 0.0172	 2.03	 down	 0.19	 -0.83
hsa-miR-876-5p	 0.0172	 2.03	 down	 0.19	 -0.83
hsa-miR-345-5p	 0.0187	 2.05	 down	 0.2	 -0.83
hsa-miR-708-5p	 0.0195	 2.36	 down	 0.36	 -0.89
hsa-miR-130b-5p	 0.0202	 2.37	 down	 0.36	 -0.89
hsa-miR-628-3p	 0.0236	 2.42	 down	 0.45	 -0.83
hsa-miR-193b-3p	 0.0240	 7.85	 down	 -0.39	 -3.36
hsa-miR-566	 0.0254	 2.12	 down	 0.25	 -0.83
hsa-miR-483-5p	 0.0300	 2.14	 down	 0.27	 -0.83
hsa-miR-9-5p	 0.0307	 2.34	 down	 0.39	 -0.83
hsa-miR-296-5p	 0.0321	 2.15	 down	 0.28	 -0.83
hsa-miR-371a-5p	 0.0333	 2.19	 down	 0.3	 -0.83
hsa-miR-31-5p	 0.0349	 2.04	 down	 -0.27	 -1.3
hsa-miR-200a-3p	 0.0369	 2.17	 down	 0.29	 -0.83
hsa-miR-513a-5p	 0.0369	 2.17	 down	 0.28	 -0.83
hsa-miR-760	 0.0380	 2.17	 down	 0.29	 -0.83
hsa-miR-181a-2-3p	 0.0390	 1.59	 down	 -0.05	 -0.73
hsa-miR-1224-5p	 0.0425	 2.26	 down	 0.35	 -0.83
hsa-miR-514a-3p	 0.0449	 2.21	 down	 0.31	 -0.83
hsa-miR-663a	 0.0451	 2.32	 down	 0.38	 -0.83
hsa-miR-557	 0.0491	 2.37	 down	 0.41	 -0.83

Table IV. Significantly deregulated miRNAs in PBMCs from patients with ERA compared with HC.

MicroRNA	 p (Corr) 	 Fold	 Regulation	 HC	 ERA
		  change		   (log2	 (log2
				    expres.	 expres.

PBMCs: peripheral blood mononuclear cells; ERA: early rheumatoid arthritis; HC: healthy controls.
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tion of miR-21-5p after 12 weeks of 
treatment which significantly correlat-
ed with the reduction of DAPSA score. 
This finding justifies a further investi-
gation of miR-21-5p as potential bio-

marker for treatment response in  PsA 
and could open new scenarios in identi-
fying a new potential therapeutic target 
in PsA, as indeed some recent studies 
seem to suggest (23, 29). 

When comparing PsA and ERA, a sig-
nificant deregulated miRNA expression 
profile was evidenced thus suggesting 
the existence of a different miRNA 
signature in patients with early active 
PsA also in comparison with ERA. This 
finding suggests that different miRNAs 
are specifically involved in the patho-
genesis of PsA and ERA, whose specif-
ic expression profiles could be consid-
ered both as diagnostic biomarkers and 
new therapeutic targets. 
Finally, it is noteworthy that some of the 
most common miRNAs that have previ-
ously been described as deregulated in 
PBMCs of RA, such as MiR-16, miR-
146a, miR-155 and miR-223 (4, 26, 32, 
33) were not confirmed as deregulated 
in PBMCs of our ERA patients when 
compared with HC. The small number 
of ERA patients examined with micro-
array could be a possible explanation. 
However, our ERA patients were all na-
ive from therapy, which could call into 
question the previous studies on miR-
NAs performed on PBMC of pharma-
cologically treated patients. A study on 
larger numbers of naïve ERA patients is 
necessary to clarify this issue.
Some limitations of our study must 
be taken into account. First, the small 
number of patients enrolled. The rigor-
ous inclusion criteria aimed at select-
ing patients free from treatment un-
derstandably limited the recruitment. 
Second, the lack of a comparable con-
trol group of PsA patients followed-up 
without treatment: we cannot rule out 
that the modifications of miR-21-5p 
observed after therapy could be the re-
sult of natural fluctuations of disease 
activity rather than of the treatment 
itself. 
In conclusion, the results of this study 
demonstrate a miRNA signature in 
patients with early active PsA and the 
different miRNA expression profiles o  
PsA and ERA patients. These results 
could open new perspectives in the 
identification of diagnostic biomark-
ers and new therapeutic targets both in 
PsA and RA. A potential role of miR-
21-5p in the inflammatory process in 
general and as a response to treatment 
biomarker in early PsA can be hypoth-
esised. Further studies are warranted to 
confirm these results.

Fig. 4. Up-regulation 
of miR-21-5p in PsA 
and ERA patients. 
Concentration of miR-
21-5p in PBMCs of 39 
PsA and 26 ERA pa-
tients and 16 healthy 
control (HC) samples. 
Results are presented 
as miRNA copies 
normalised on RNU6 
copies.

Fig. 5. Correlation of miR-21-5p with disease activity in PsA and ERA. A: In the 39 PsA patients, no 
correlation between the expression of miR-21-5p and DAPSA score was found (p=0.57). B: In ERA 
patients a trend for correlation between miR-21-5p and DAS-28 was demonstrated but it was not sta-
tistically significant (p=0.07). 

Fig. 6. DAPSA and miR-21-5p expression in PsA patients at baseline and after 12 weeks of therapy. 
A: Significant reduction of DAPSA score after 12 weeks of treatment in 9 PsA patients (p<0.0001). 
B: Significant down regulation of miR-21-5p after 12 weeks of therapy in PBMCs of 8 out 9 PsA 
patients (p=0.03). 
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