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Abstract
miRNAs are noncoding RNA that play a critical role as fine regulators of gene expression at the posttranscriptional level 
within cells in numerous autoimmune diseases. miR-221/222 play a role in cancer by regulating cell proliferation, invasion 
and apoptosis. However, there have been insufficient studies on their role in rheumatoid arthritis (RA). This work is designed 
to analyze the miR-221/222 expression patterns in peripheral blood mononuclear cells (PBMCs) of patients with RA in 
comparison with healthy controls using quantitative RT-PCR, in a group of 30 RA patients and 20 healthy controls. The fold 
change of miR-221/222 expression in PBMCs was significantly elevated (p < 0.01) in RA patients compared with healthy 
controls. A positive correlation between expression levels of miR-221 and miR-222 was recorded (r = 0.303; p < 0.05). High 
miR-221/222 expression levels appeared to be elevated with high activity. miR-222 expression in high activity group of RA 
patients was significantly increased in relation to moderate (p < 0.01) and low (p < 0.001) activity ones with positive cor-
relation (r = 0.363; p < 0.05) between the progress of disease activity and change in miR-222 expression level. ROC analysis 
showed a sensitivity of 70% and specificity of 75% for miR-221. In miR-222, the sensitivity of 80% and specificity of 70% 
were recorded. Our data shed some light on the role of miR-221/222 expression in RA patients, and their great potential 
value as new novel noninvasive biomarkers for disease detection. Therefore; further investigations are warranted to fully 
elucidate their role in rheumatoid.
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Introduction

Rheumatoid arthritis (RA) is a systemic, inflammatory, 
autoimmune disease, characterized by pursuing ruin of 
joint and deformation of bone that affects 0.5–2.0% regard-
ing the human population global [1]. Women are 3 instances 

greater affected by RA than men. Recent publication in 
2018 has studied epidemiology of RA in Egypt [2]. From 
3219 RA patients, 84% were females indicating to a female 
predominance.

Age of disease onset ranged from 40 to 50 years, although 
it may affect people of any age. It is a disabling and oner-
ous condition, which can lead to substantial loss of func-
tioning and mobility if not adequately treated [3, 4]. The 
mechanisms worried into ailment initiation or progression 
are nevertheless incompletely understood, namely RA has a 
complicated factor triggered by means of several genes up 
to expectation engage together including environmental and 
stochastic factors [5].

MicroRNAs (miRNAs) are small, noncoding RNAs that 
are epigenetic regulators of cellular protein levels through 
destabilization of mRNA and/or inhibition of protein trans-
lation. They can target numerous mRNAs and thus affect 
simultaneously several biological pathways [6, 7]. miRNAs 
are highly abundant and show high stability in biological 
fluids, with changes in their levels correlating with disease 
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prognosis and/or disease activity [8]. Recent studies have 
supported an important role for miRNAs in RA, and dys-
regulated miRNAs expression seems to contribute to the 
molecular mechanisms of the disease, and how they reg-
ulate pathways in RA and consider it as a new player for 
diagnostic and therapeutic purpose [9]. In a previous study, 
differential expression of circulating miR-223 and miR-16 
was demonstrated in the sera of RA patients characteriz-
ing an early stage of the disease. They suggest miR-223 as 
a marker of disease activity and miR-16 and miR-223 as 
possible predictors for disease outcome [10]. Other studies 
proposed miR-146a [11], and miR-155 [12] as a biomarker 
of RA disease activity.

Despite the great deal of work that has been done to 
date, minority of the cases were the targets of miR-221/222 
that control the two arms of RA: angiogenesis and inflam-
mation. miR-221 and miR-222, are present alongside in a 
gene cluster placed on X chromosome (Xp11.3), comprise 
equal seed sequences separated by using 727 bases and are 
exceptionally conserved in vertebrates [13]. miR-221/222 
have been found in healthy people to adjust integral physi-
ological vascular procedures such as angiogenesis, vessel 
wound healing, vascular aging and atherosclerotic vascular 
remodeling [14–16]. Adaptive manner involving phenotypic 
and behavioral adjustments in vascular cells in response to 
vascular harm is contributed by using miR-221/222 [17], 
which regulates also the function of vascular smooth muscle 
cells (VSMCs) and endothelial cells (ECs) [18].

miR-221/222 are considered from the most critical onco-
genes; they play crucial roles in pathogenesis of inflamma-
tory diseases as atherosclerosis and RA by regulating the 
expression of different proteins [19, 20]. Although the poten-
tial contribution of miR-221/222 in RA inflammation and 
pathogenesis is not known yet, their role in RA remains to be 
fully elaborated. Thus, the aim of our study was to analyze 
the miR-221/222 expression patterns in peripheral blood 
mononuclear cells (PBMCs) of patients with RA in com-
parison with healthy controls using quantitative RT-PCR and 
their correlation with disease score and activity.

Patients and methods

Patient and study design

A group of 20 healthy donors with no history of autoim-
mune disease were included as control individuals, and 
30 consecutive patients fulfilling an American college of 
rheumatology/European league against rheumatism col-
laborative initiative (ACR/EULAR) criteria for diagnosis 
of RA [21] were included. Demographic and clinical char-
acteristics were collected through a structured interview and 
physical examination. They all attended the Rheumatology 

Department at El-Eini Hospitals, Cairo University. Patients 
with infection, malignancy as well as those with other auto-
immune diseases were excluded from the study. All inves-
tigations were done in accordance with the Ministry of 
Health, Health and Human Ethical Clearance Committee 
guidelines for Clinical Researches. Cairo University local 
Ethics Committee approved the study protocol. All patients 
and healthy controls agreed to be enrolled in this study, and 
informed consent was obtained from all participants.

RA disease activity was assessed by using the Disease 
Activity Score 28 (DAS28) based on evaluation of 28 joints 
(tenderness and swelling joint count), rheumatoid factor 
(RF) and the erythrocyte sedimentation rate (ESR) [22]. 
Functional ability was assessed by using the modified ver-
sion of the health assessment questionnaire (mHAQ) which 
was validated previously [23]. Radiographs of the hands 
and feet were reviewed for all patients. The evaluation of 
erosive disease was done by standard radiographs of both 
hands and feet at the assessment time. At least one definite 
erosive change on any of the hands or feet radiographs was 
sufficient for inclusion of the patient to the erosive group. 
Radiographic joint damage was further assessed according 
to sharp score with the number and size of bone erosions and 
the extent of joint space narrowing related to the cartilage 
damage being evaluated. Routine biochemistry tests were 
collected from patients’ records.

PBMC collection and quantitative real‑time RT‑PCR

Heparinized venous blood was collected from each patient 
and control (5 ml) by venipuncture. Peripheral blood mono-
nuclear cells (PBMCs) were isolated using Ficoll-Hypaque 
density gradient centrifugation. Blood was diluted with 
phosphate-buffered saline (PBS; 1:1) and layered on Ficoll-
Hypaque (1:3) and centrifuged at 1500 rpm for 30 min at 
24 °C. The PBMCs were collected from the interface and 
washed two times with PBS and once with RPMI-1640 sup-
plemented with l-glutamine (200 mM), penicillin (100 U/
ml), streptomycin (100 μg/ml) and HEPES buffer (1 M) (all 
from Biowest SAS, Nuaillé, France) [24].

Total RNA was isolated from freshly obtained PBMCs 
using the TRIzol isolation protocol (Life Technologies Ltd. 
UK). The purity and concentration of RNA were assessed 
by NanoDrop™ 2000/2000c Spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA), and the integrity was 
checked by agarose gel electrophoresis. A total of 100 ng of 
each RNA sample was used for quantitative real-time RT-
PCR (qRT-PCR). cDNA was reverse-transcribed using miS-
criptII RT kit (Qiagen, Valencia, CA, USA) according to the 
manufacturer’s directions (catalog numbers 218061). qRT-
PCR for the detection of Hs_miR-221 and Hs_miR-222 was 
carried out in 25-µl PCR reactions using the miScript SYBR 
Green PCR Kit (catalog numbers 218073) and miScript 
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Primer Assays (Qiagen) according to the manufacturer’s 
protocol. The thermal cycling conditions comprised 95 °C 
for 15 min as initial activation step, then 95 °C for 15 s, fol-
lowed by 55 °C for 30 s and 70 °C for 30 s in 40 cycles. The 
expression of the U6B small nuclear RNA (RNU6B) was 
used as endogenous control for data normalization. Differ-
ences in the Ct values (Ct) between the tested miRNA and 
RNU6B cDNA were calculated to determine the relative 
expression levels, using the following formula: ΔΔCt = ΔCt 
of the tested sample −ΔCt of the control sample. The value 
of each control sample was set at 1 and was used to calculate 
the fold change in target genes by using the 2ΔΔCt method.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 19 (SPSS, Inc., Chicago, IL). Data were statistically 
described in terms of mean ± standard deviation (± SD), 
frequencies when appropriate. Spearman’s test was used for 
correlation analysis. Student t test was used for comparison 
of numerical variables between the study groups for quanti-
tative variables, One-way ANOVA test was used. Sensitivity 
versus the false positive frequency (one-specificity) for the 
scoring system was analyzed by a receiver-operated charac-
teristic (ROC) curve. Probability values less than 0.05 were 
considered significant.

Results

Patient’s characteristics

Clinical, demographic and laboratory data are presented in 
Table 1. Patients and healthy controls were age- and sex-
matched. Of the 30 RA patients who were enrolled at this 
study, 27 were females and 3 were males with mean age of 
39.10 ± 10.43 years. Age of disease onset ranged from 18 
to 60 years, and disease duration ranged from 1 to 9 years. 
Patients were classified as having active or inactive disease 
on the basis of the DAS28 into: 4 patients had low active 
disease (DAS28 < 3.2), 20 had moderately active disease 
(DAS28 from 3.2 to < 5.1), and 6 patients had high dis-
ease activity (DAS28 > 5.1). Twenty-three patients were 
under treatment of disease-modifying antirheumatic drugs 
(DMARDs); 18 patients received methotrexate (MTX), and 
5 patients received Leflunomide (LFN). The rest of RA 
patients [7] were untreated.

miR‑221‑222 PBMCs expression levels

Using RT-qPCR analysis, miR-221/222 expression levels 
in PBMCs of patients with RA and healthy controls were 

determined. It was found that the fold change of miR-
221/222 expression in PBMCs was significantly elevated 
(p < 0.01) in RA patients compared with those in healthy 
controls (Fig. 1a). A positive correlation between miR-221 
expression level and miR-222 expression level was recorded 
(r = 0.303; p < 0.05) (Fig. 1b). Although a slight increase in 
miR-221 in MTX-treated patients was found, no significant 
change in both miR-221/222 expression levels was observed 
between treated and untreated groups (Table 2).

To examine the relationship between RA disease activity 
and miRNA expression levels, patients were classified into 
low, moderate and high disease activity based on DAS28 
values. High miR-221/222 expression levels appeared to be 
elevated with high activity, whereas low expression level 
coincided with low disease activity. As shown in Fig. 2a, 
a significant increase was detected in miR-222 expression 
in high activity group of RA patients in relation to moder-
ate (p < 0.01) and low (p < 0.001) activity ones. Although 
a miR-221 expression level was increased in RA patients 
with more active stage, the elevation was not statistically 
significant. A positive correlation (r = 0.363; p < 0.05) was 

Table 1   Demographic and laboratory characteristics of patients with 
rheumatoid arthritis (RA)

ALT alanine aminotransferase, AST aspartate aminotransferase, 
DAS28 disease activity score 28, ESR erythrocytes sedimentation 
rate, HB hemoglobin, RF rheumatoid factor, TLC total leukocyte 
count

Parameter Mean ± SD

Age (years) 39.10 ± 10.43
Female/male 27/3
Disease duration (years) 3.49 ± 2.46
Tender joints (of 28) 8.53 ± 6.75
Swollen joints (of 28) 4.03 ± 4.45
DAS-28 4.36 ± 1.00
mHAQ 0.64 ± 0.52
Sharp score of erosions (0–170) 37.26 ± 33.95

Parameter No (%)

RF +ve 18 (60)
Subcutaneous nodules 5 (16.6)
Extra-articular disease 8 (26.6)

Laboratory parameters Mean ± SD

ESR (mm/h) 39.86 ± 21.97
Hemoglobin (g/dl) 12.00 ± 1.47
TLC (× 1000/μl) 8.02 ± 3.412
Platelets (× 1000/μl) 269.73 ± 74.13
Creatinine (mg/dl) 0.72 ± 0.30
ALT (U/L) 21.20 ± 17.42
AST (U/L) 22.03 ± 9.99
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recorded between the progress of disease activity and change 
in miR-222 expression level (Fig. 2b).

After ROC analysis (Fig. 3a, b), the area under the curve 
(AUC) for miR-221 was 0.724 (95% confidence inter-
val [CI], CI 0.584–0.864), and AUC of 0.768 (95% CI 
0.629–0.908) for miR-222. Among different cutoff values 
from the ROC analysis, a cutoff value of 2.265 was selected, 
as the sensitivity of 70% and specificity of 75% at the cho-
sen cutoff were optimal for miR-221. In miR-222, a cutoff 
value of 0.595 was selected, as the sensitivity of 80% and 
specificity of 70%.

Discussion

miRNAs are involved in the pathophysiological mecha-
nisms-related human diseases [25]. miRNAs are of interest 
due to their critical role as fine regulators of gene expression 
at the posttranscriptional level within cells in numerous dis-
eases, which makes them potential targets in the treatment 
of different diseases. Their role in many human autoimmune 

diseases, such as RA, has been evaluated since the last dec-
ade [26].

The studies that talk about potential role of miRNAs as 
molecular biomarkers for diagnosis and prognosis in RA 
have been expanded. A lot of affective expressed miRNAs 
in circulation or inflamed joints in RA have been identi-
fied. That suggests their potential to be used as biomark-
ers that help to establish or approve a diagnosis, adjust the 
degree of immunologic activity or inflammation, or provide 
prognostic information regarding disease progression and 
severity [27]. The accumulating evidence has demonstrated 
that the expression of miRNAs in RA, including miR-146a, 
miR-155, miR-16, miR-23b, miR-203, miR-124a, miR-
346, miR-223 as well as miR-34a, was altered in synovial 
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Fig. 1   Relative fold change expression levels of miR-221/222 in rheu-
matoid arthritis (RA) and normal controls. (*) denotes significant 
from healthy controls. (**) p < 0.001

Table 2   miR-221/222 expression in treated and untreated RA patients

MTX methotrexate, LFN leflunomide

Treatment (N) miR-221 (mean ± SE) miR-222 (mean ± SE)

Untreated (7) 6.05 ± 3.04 12.94 ± 9.20
MTX (18) 42.08 ± 15.73 15.05 ± 4.90
LFN (5) 21.07 ± 9.40 34.51 ± 17.62
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Fig. 2   Correlation between miR-221/222 in RA patients
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fibroblasts, peripheral blood mononuclear cells, and T cells 
from RA patients [28–34]. It has been reported that this 
abnormal miRNA expression is associated with abnormal 
innate immunity, inflammation, cell proliferation and cell 
apoptosis [35–38]. Thus, the suppression of over-expressed 
miRNAs or reconstitution of the expression by restoration of 
silenced miRNAs is a therapeutic strategy in the treatment 
of RA [39].

Pauley et al. [40] have established a significant study 
that demonstrates that miRNA expression in RA PBMCs 
may mimic conditions in synovial tissue and thus makes us 
able to avoid the need of synovial tissue samples, allowing 
the analysis of larger patient populations. Accordingly, the 
present study showed that PBMCs miRNAs (miR-221/222) 
expression was elevated in RA patients compared with those 
in healthy individuals. The ROC curves of miR-221/222 
reflected a good separation between control and RA patients, 
with 70% sensitivity/75% specificity for miR-221 and 
80% sensitivity/70% specificity for miR-222. To examine 

the relationship between RA disease activity and miRNA 
expression levels, patients were classified into active/or inac-
tive according to DAS28. miR-221/222 were increased with 
disease activity.

Our finding is similar to Pandis et al. [41]; they confirmed 
that miR-221/222 have been found to be over-expressed 
in RA synovial fibroblasts, serum and synovial tissues of 
RA patients. Yang and Yang [20] suggested that miR-221 
is relevant to RA pathogenesis and that it possibly has a 
crucial role in RA initiation, development and progression. 
Their findings of this study provided evidence that miR-221 
expression was increased in patients with RA and that inhi-
bition of miR-221 suppressed pro-inflammatory cytokines. 
Furthermore, down regulation of miR-221 in fibroblast-like 
synoviocytes could significantly inhibit the expression of 
pro-inflammatory cytokines and chemokine that lead to inhi-
bition of cell overrun and migration, and inhibit vascular 
endothelial growth factor (VEGF), matrix metalloprotein-
ase-3 (MMP-3) and matrix metalloproteinase-9 (MMP-9) 
that induce cell apoptosis [42, 43]. miR-221 over-expres-
sion in inhibited adiponectin-stimulated nitric oxide (NO) 
in HUVECs indicated that miR-221 targeted AdipoR1 for 
regulation of endothelial inflammatory response [44].

Our patient cohort is mainly composed of females (27 
females vs 3 males). This is consistent with previous studies 
which documented that the majority of autoimmune diseases 
as RA is predominate in females [2]. From factors that can 
play an important role in sex bias in RA, the contribution of 
epigenetic medications and skewed X chromosome inactiva-
tion to RA female predominance has been previously stud-
ied [45–47]. The human X chromosome is highly enriched 
in miRNAs as compared to the Y chromosome, with 116 
X-linked miRNAs against only two Y-linked miRNAs. Six 
miRNAs including miR-221, miR-222, miR-98, miR-532, 
miR-106a and miR-92a have sexual dimorphisms. Kukurba 
et al. [48] demonstrated that genes on the X chromosome 
are more likely to have sex-specific expression compared to 
genes on the autosomes. Regarding miR-221/222, Khalifa 
et al. [49] showed that miR-221, miR-222, miR-532, miR-
106a and miR-98 expression levels were significantly dif-
ferent between RA and controls only when allotment to the 
sex. Moreover, the expression level of miR-222, miR-532, 
miR-98 and miR-92a was significantly different between RA 
female and male.

In general, very limited studies on circulated miR-
221/222 are found. In RA, studies on circulated miR-
221/222 are more restricted and the majority of them more 
focused on SF. Previous data in different diseases discussed 
the circulating expression levels of miR-221/222 and showed 
upregulation of them. Teixeira et  al. [50] identified the 
upregulation of plasma miR-221/222 as potential noninva-
sive biomarkers for the detection of renal cell carcinoma 
(RCC) RCC. El-Garem et al. [51] that dealt with circulating 

(a)

(b)

Fig. 3   Area under curve of receiver operating characteristic of the 
miR-221 (a) and miR-222 (b) to discriminate RA patients from nor-
mal controls
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miR-221 signature in Egyptian patients with chronic hepati-
tis C related hepatocellular carcinoma. They explore serum 
miR-221 to serve as one of the novel noninvasive biomarkers 
of HCC.

Taken together, the findings of the present study provided 
evidence that miR-221/222 expression were increased in 
patients with RA; they have great potential value as new 
novel noninvasive biomarkers for RA detection. Both miR-
221 and miR-222 were increased with RA disease activ-
ity. Each identified miRNA in RA disease opens the door 
slightly not only in terms of diagnostic and/or prognostic 
marker, but also for therapy in the future.
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