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Abstract

Background: Rheumatoid arthritis (RA) is an autoimmune inflammatory disease. It is characterized by an
inflammatory polyarthritis that preferentially affects the small joints leading to joint damage and eventual deformity
and disability, and can also present with extra-articular manifestations. Micro RNA (miRNA) is a class of non-coding
RNAs which negatively regulate messenger RNA (mRNA) expression. Several studies had shown that miRNA-23b has
a close relationship with inflammation and autoimmune diseases. An increasing evidence has suggested that
miRNA-23b is closely associated with many inflammatory and autoimmune diseases. The current study aimed to
evaluate the plasma expression of miRNA-23b in rheumatoid arthritis (RA) patients and to explore its potential
association with diseases activity.

Results: RA patients had a significantly higher plasma miRNA-23b expression than controls (P < 0.001). The miRNA-
23b plasma expression was significantly associated with the clinical and laboratory indices of RA activity as well as
with the DAS28-ESR score (P = 0.009) and grades (P < 0.001). The miRNA-23b plasma expression was significantly
correlated with the radiological severity of RA (P = 0.002).

Conclusions: Plasma expression of miRNA-23b is significantly increased in patients with RA than controls. In RA
patients, plasma expression of miRNA-23b was significantly correlated with the activity and radiological severity of
RA. miRNA-23b may represent a potential therapeutic target that can retard progression of RA.
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Background
Rheumatoid arthritis (RA) is the most common auto-
immune inflammatory arthritis. It affects approximately
0.5-1% of the population worldwide [1]. It is character-
ized by an inflammatory polyarthritis that preferentially
affects the small joints leading to joint damage and even-
tual deformity and disability, and can also present with
extra-articular manifestations, affecting other major

organs in the body [2]. The etiopathogenesis of RA is
not completely understood; however, it had been pro-
posed that RA is a multifactorial disease and multiple
genetic and environmental factors may contribute to the
development RA [3].
In the past few years, there is increasing evidence

pointing out that serum micro-ribonucleic acids (miR-
NAs) levels are elevated in patients with RA and are po-
tentially associated with the pathogenesis of RA [4]. The
miRNAs are a class of short, endogenous, non-coding
RNAs of approximately 17–25 nucleotides [5], which
negatively regulate messenger RNA (mRNA) expression.
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It leads to cleavage of target mRNA with subsequent
degradation or translation inhibition of mRNA [6]
resulting in disruption of crucial cellular processes, in-
cluding cell growth, differentiation, and proliferation due
to inhibition of protein synthesis [7]. Dysregulated miR-
NAs expression had been associated with many inflam-
matory and autoimmune conditions [8].
miRNA-23b belongs to the miRNA-23b/27b/3074/24-

1 cluster, located in chromosome 9 [9]. Several studies
had shown that miRNA-23b has a close relationship
with inflammation and autoimmune diseases [10]. Over-
expression of the miRNA-23b imposes a gene silencing
effects on the recipient macrophages [11], upregulates
the expression of proinflammatory cytokines in the vas-
cular endothelial cells [12], and leads to suppression of
dendritic cells maturation and differentiation [13]. More
importantly, miRNA-23b level was found to be dimin-
ished in the synovial tissues in patients with RA after
suppressing interleukin (IL)-17-associated autoimmune
inflammation [14]. However, data available regarding
plasma miRNA-23b expression in RA patients and its re-
lationship with diseases activity are scanty.
The aim of this study was to evaluate the plasma ex-

pression of miRNA-23b in RA patients and to explore
its potential association with diseases activity.

Methods
Participants
In this cross-sectional study, 100 consecutive patients di-
agnosed with RA according to the 2010 American
College of Rheumatology/European League Against
Rheumatism classification criteria [15] were invited to
participate in the study. The patients were recruited dur-
ing the period from January 2019 to January 2020 from
the Outpatient Clinic of the Rheumatology and Rehabili-
tation Department. In addition, the study enrolled 100
healthy volunteers in the control group matched for age
and gender with the RA group.
Subjects with history of autoimmune diseases, cardio-

vascular diseases, hepatic diseases, renal diseases, malig-
nancy, and any other chronic diseases were excluded
from the study. None of the participants were current or
ex-smoker. Prior to inclusion in the study, the study
aim, procedures, and any related information were de-
scribed to the enrolled participants. Written consents
were obtained from all participants and the study was
approved by The University Ethics Committee (IRB/
R.20.01.719) and in accordance with the Declaration of
Helsinki.

Clinical assessment
All subjects underwent thorough medical history taking
and thorough physical examination. Medical records of
patients were reviewed. Data collected included the

personal data (age and gender) for all participants. The
medical history and findings including the disease dur-
ation, duration of morning stiffness, and drug intake
were obtained from all RA patients. Clinical assessment
of the RA patients included recording of the tender and
swollen joint count (TJC and SJC respectively). Pain was
assessed by the visual analog scale (VAS-pain). The dis-
ease activity was measured by the Disease Activity Score
28 (DAS28) based on erythrocyte sedimentation rate
(ESR) level [16]. Patients with RA were classified accord-
ing to DAS28-ESR as follows: remission (< 2.6); low dis-
ease activity (≥ 2.6 and ≤ 3.2); moderate disease activity
(> 3.2 and ≤ 5.1); and high disease activity (> 5.1) [17].

Laboratory assessment
Adequate venous blood sample was collected under
complete aseptic condition from every participant, be-
tween 9 and 10 a.m. after an overnight fasting in the
same day of history taking and clinical evaluation. Sam-
ples were collected into two vacutainers: EDTA contain-
ing and serum separator. Serum was separated and used
for autoantibodies detection including anticyclic citrulli-
nated antibodies (anti-CCP) (Life Span BioScience, Inc.)
by the automated immunoassay analyzer Immunolite
2000 (DPC Ltd., Gwynedd, UK) and Rheumatoid factor
(RF) (Avitex RF). Part of EDTA anticoagulated whole
blood was used for determination of ESR and C-reactive
protein (CRP). The other part was separated as plasma
for miRNA-23b study.

Measurement of plasma miRNA-23b expression
RNA extraction
Total RNA from plasma samples was extracted using
Ribopure Blood RNA isolation kit according to the
instructions of the manufacturer (Thermo Fisher Sci-
entific Inc.). Isolated RNA quality and concentration
were assessed on a NanoDrop ND 1000 spectropho-
tometer (NanoDrop Technologies, Wilmington, Dela-
ware USA). Extracted samples of RNA were stored
until use at −80 °C.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)
TaqMan reverse transcription kit (Applied Biosystems;
Thermo Fisher Scientific Inc.) was used for reverse tran-
scription of miRNA-23b. The RT-qPCR was accom-
plished by the use of SYBR Green PCR Master Mix on
an ABI 7300HT PCR system (Applied Biosystems;
Thermo Fisher Scientific Inc.). The reaction was accom-
plished in a total volume of 20.0 μl containing 2.0 μl
template (200 ng), 10.0 μl 2X SYBR Green Mix, 0.6 μl
200 nM forward and reverse primers, and 6.0 μl
nuclease-free water. The used primers for miRNA-23b
were forward, 5′-GAGCATCACATTGCCAGGG-3′ and
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reverse, 5′-GTGCAGGGTCCGAGGT-3′, while for U6
were forward, 5′-CTCGCTTCGGCAGCACATAT- 3′
and reverse, 5′-TTGCGTGTCATCCTTGCG-3′ (Invi-
trogen; Thermo Fisher Scientific Inc.). PCR conditions
were as follows: Initial denaturation at 95 °C for 5 min,
followed by 45 cycles at 95 °C for 30 s, 56 °C for 20 s,
and 72 °C for 30 s. The relative expression level of
miRNA-23b was normalized to the internal control
RNU6B (U6) and were calculated by the 2–ΔΔCq

normalization method (ΔCq = CqmiRNA-23b − CqU6)
and reported as delta cycle threshold (deltaCt) [18].

Radiological assessment
Plain postero-anterior radiographs of hands, wrists, and
feet bilaterally were obtained for all patients. Radio-
graphs were evaluated based on the modified Sharp
scoring method that comprised the determination of
number of erosions and measurement of joint space nar-
rowing [19].
All radiographs were scored by the same radiologist,

who was blinded to the clinical and radiological data of
the patients. All radiographs were interpreted twice with
a 3-month interval by same radiologist. The inter-rater
agreement for the radiographic score was 0.856.

Statistical analysis
IBM-SPSS software version 26.0 was used for statistical
analysis. Continuous variables were tested for normality
of distribution prior to statistical analysis. Plasma ex-
pression of miRNA-23b showed abnormal distribution
and was expressed by median and interquartile range
(IQR). The comparison of the plasma expression of
miRNA-23b between RA patients group and controls
group was performed using the Mann-Whitney U test.
The other variables with continuous data showed nor-
mal distribution and were expressed as mean ± standard
deviation (SD). Variables with categorical data were
expressed as number and percentage. The correlation
between the plasma expression of miRNA-23b and the
variables containing continuous data was performed
using the Pearson correlation test. The comparison of
the miRNA-23b plasma expression among the DSA28-
ESR activity grades was performed using the independ-
ent samples Kruskal-Wallis test. For all statistical proce-
dures, significance threshold was set if P ≤ 0.05.

Results
Table 1 compares age and gender distribution between
the RA patients group and controls group and the char-
acteristics of the RA patients. Mean age and gender dis-
tribution did not show significant difference between the
RA patients group and controls group.

Comparison of miRNA-23b plasma expression between
RA patients group and controls group
The median [IQR] of plasma expression of the miRNA-
23b of the RA patients group was significantly higher
than the controls (354.0 [557.0] and 34.0 [34.5] respect-
ively, P < 0.001) (Fig. 1).

Correlation of miRNA-23b plasma expression with RA
activity indices and radiological severity
As shown in Table 2, the plasma expression of the
miRNA-23b of the RA patients group showed significant
correlation with clinical activity indices: morning stiff-
ness duration (P = 0.028), VAS-pain score (P = 0.011),
TJC (P = 0.032), and SJC (P = 0.015). The plasma ex-
pression of the miRNA-23b of the RA patients group
also showed significant correlation with CRP and ESR (P
= 0.040 and P = 0.013 respectively). Similarly, the plasma
expression of the miRNA-23b of the RA patients group
showed significant correlation with the DAS28-ESR (P =
0.009). In addition, the plasma expression of the
miRNA-23b of the RA patients group showed significant
correlation with the modified Sharp score (P = 0.002).
On the other hand, miRNA-23b plasma expression did

not show significant correlation with age, duration of
RA, RF titer, and anti-CCP titer.

Comparison of miRNA-23b plasma expression among the
DSA28-ESR activity grades
The median plasma expression of miRNA-23b (deltaCt)
in the patients with remission was 178.0 [IQR = 400.0],
with low disease activity was 225.0 [IQR = 200.0], with
moderate disease activity was 374.0 [IQR = 555.0] and
with high disease activity was 870.0 [IQR = 650.0]. These
differences of the median plasma expression of miRNA-
23b among the different DSA28-ESR activity grades were
significant (P < 0.001) (Fig. 2).

Association of miRNA-23b plasma expression with gender
and drug intake
The plasma miRNA-23b expression did not differ signifi-
cantly between males and females. Similarly, plasma
miRNA-23b expression was not significantly different
between patients on and off medications (Table 3).

Discussion
miRNA-23b belongs to the miRNA-23b/27b/3074/24-1
cluster [9]. Several studies had shown that miRNA-23b
has a close relationship with inflammation and auto-
immune diseases [10].
The major findings of the present study were (a) RA

patients had a significantly higher plasma miRNA-23b
expression than controls; (b) the miRNA-23b plasma ex-
pression was significantly associated with the clinical
and laboratory indices of activity as well as with the
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DAS28-ESR score and grades; and (c) the miRNA-23b
plasma expression was significantly correlated with the
radiological severity of RA.
Liu et al. enrolled 109 RA patients and 48 healthy con-

trols. The study evaluated plasma and synovial tissues
miRNA-23b expression and explored the value of
miRNA-23b as a potential marker for RA activity. Re-
sults of that study revealed that RA patients show higher
plasma of miRNA-23b than controls (median of 55.56
and 37.78 respectively) and the plasma level of miRNA-
23b significantly correlated with the clinical and sero-
logical indicators of RA activity. The same study also re-
ported that the synovial tissues of RA patients had
significantly higher miRNA-23b than the matched

controls [9]. These findings were consistent with our
findings. Further, Liu et al. found that miRNA-23b
plasma level in RA patients was reduced significantly
after efficient treatment and parallel to the clinical im-
provement. Based on this finding, the study concluded
that miRNA-23b is a promising marker that can indicate
the degree of RA activity and therapeutic effectiveness in
RA patients.
In contrast, the study by Andonian et al. [20] investi-

gated relationships between six RA-related plasma miR-
NAs, including the miRNA-23b, and RA activity and
proinflammatory cytokines was investigated and found
that miRNA-23b, as well as all other miRNAs, showed
no significant difference between the RA patients and

Table 1 Comparison of the age and gender distribution between patients and controls and the RA-related features of the patients

RA patients group Control group p

Age (years) 41.7 ± 13.8 43.8 ± 12.6 0.262

Gender (n, %)

Females 81, 81.0% 78, 78.0%

Males 19, 19% 22, 22% 0.599

Duration of RA (years) 10.2 ± 4.7

Duration of morning stiffness (min) 62.6 ± 30.4

SJC 11.5 ± 4.9

(range, 4-21)

TJC 11.0 ± 5.4

(range, 3-22)

VAS-pain score 47.8 ± 23.4

(range, 13-81)

DAS28-ESR 4.1 ± 0.9

(range, 2.1-6.6)

Activity status based on DAS28-ESR (n, %)

Remission 7, 7.0%

Low disease activity 14, 14.0%

Moderate disease activity 66, 66.0%

High disease activity 13, 13.0%

Drug intake (n, %)

Glucocorticoids 21, 21.0%

Methotrexate 46, 46.0%

Leflunomide 34, 34.0%

Hydroxychloroquine 64, 64.0%

Biological 21, 21.0%

ESR (mm/h) 64.2 ± 28.9

CRP (mg/dl) 39.4 ± 18.7

RF titer (U/ml) 39.9 ± 16.9

Anti-CCP titer (IU/ml) 30.3 ± 12.2

Modified Sharp score 27.4 ± 6.4

CCP cyclic citrullinated peptide, CRP C reactive protein, DAS disease activity score, ESR erythrocyte sedimentation rate, RF rheumatoid factor, SJC swollen joint
count, TJC tender joint count
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controls. In addition, that study found no significant cor-
relation between the plasma miRNAs with disease activ-
ity. These results were inconsistent to ours, and this
discrepancy may be attributed to different methodo-
logical settings, smaller sample size, and genetic back-
ground. Indeed, the study of Andonian et al. included 48
RA patients and 23 controls and about 25% of the sam-
ples were African American while all participants in the
present study were of Caucasian ethnicity.
Interestingly, a previous study investigated the role of

miRNAs in inflammatory lesions-resident cells. The
study observed a significantly lower miRNA-23b in the
synovial tissues obtained from the patients with RA in
comparison to the controls [14]. The same study

observed that miRNA-23b is downregulated in lupus
and multiple sclerosis inflammatory lesions. The study
also found that IL-17 suppresses miRNA-23b expression
in the fibroblast-like synovial cells. Of note, the number
of synovial tissue samples obtained from controls and
the patients in that study were 3 and 17, respectively. In
the present study, the synovial fluid miRNA-23b was not
investigated.
The association of the miRNA-23b with the inflamma-

tory process in RA seems logical. In support to this hy-
pothesis, an elevated miRNA-23b plasma expression
promoted the T regulatory cells (Tregs) differentiation,
while RA patients had decreased number of Tregs [10].
It is postulated that the plasma miRNA-23b upregula-
tion is a result of the dramatic reduction of the number
of Tregs in RA [21].
RA is a potentially destructive disease and can lead to

considerable joint damage with intense impact on pa-
tient function and quality of life. In the current study,
we explored the relationship between the serum
miRNA-23b expression and the radiological severity in
RA patients. Our results revealed a significant correl-
ation between the serum miRNA-23b expression and
the modified Sharp score. Tumor necrosis factor (TNF)-
α is a potent inhibitory factor of osteogenic differenti-
ation and activity of bone marrow mesenchymal stem
cell (BMSC) [22]. TNF-α markedly induces miRNA-23b
expression [2, 23]. Overexpression of miRNA-23b is a
strong inhibitor to runx2, a main transcription factor in
the process of osteogenesis, indicating that miRNA-23b
may act as an endogenous factor that attenuates runx2
in the BMSCs [24]. Gathering these data together sug-
gests that miRNA-23b is implicated in TNF-α-mediated
reduction of BMSC osteogenesis via targeting runx2.
These findings provide new insights into the regulatory

Fig. 1 Comparison of the plasma expression of miRNA-23b between
patients with RA group and control group

Table 2 Pearson’s correlation test between plasma expression
of miRNA-23b with age, clinical features, and laboratory findings
in the RA patients group

r p

Age (years) 0.031 0.757

Duration of RA (years) 0.151 0.134

Duration of morning stiffness (min) 0.220 0.028

SJC 0.243 0.015

TJC 0.214 0.032

VAS-pain score 0.252 0.011

DAS28-ESR 0.261 0.009

ESR (mm/h) 0.248 0.013

CRP (mg/dl) 0.206 0.040

RF titer (U/ml) 0.146 0.147

Anti-CCP titer (IU/ml) 0.149 0.139

Modified Sharp score 0.305 0.002

CCP cyclic citrullinated peptide, CRP C reactive protein, DAS disease activity
score, ESR erythrocyte sedimentation rate, RF rheumatoid factor, SJC swollen
joint count, TJC tender joint count, P is significant if ≤ 0.05

Fig. 2 Comparison of the plasma miRNA-23b expression among the
activity grades of RA measured by DAS28 (ESR)
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role of miRNA-23b in BMSC osteogenic differentiation
in inflammatory disease and development of bone
erosions.
Finally, plasma miRNA-23b expression was not signifi-

cantly different between patients on and off medication.
This can be attributed to the lack of follow-up of pa-
tients in this cross-sectional study.
This present study had its limitations. The miRNA-

23b expression in the synovial tissues or fluid was not
investigated. In addition, it is a one center cross sec-
tional study with no follow-up of patients with different
medications. So, we recommend future studies with lar-
ger sample size and in multiple centers to be designed to
address the contribution of miRNA in the inflammatory
process of RA. Furthermore, follow-up studies are
needed to explore the effect of medications on plasma
miRNA-23b expression in RA patients. Also, studies that
include other miRNAs and immunity modulators could
get better insight on its diagnostic role and its value as a
therapeutic target. Another area for future study is to
explore whether targeting miRNA-23b can halt or di-
minish progression of RA.

Conclusions
Plasma expression of miRNA-23b is significantly in-
creased in patients with RA than controls. In RA pa-
tients, plasma expression of miRNA-23b was
significantly correlated with the activity and radiological

severity of RA. miRNA-23b may represent a potential
therapeutic target that can retard progression of RA.
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