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Abstract: MicroRNAs (miRNAs), a type of small non-coding RNAs, play a crucial role in controlling
post-transcriptional gene expression, suggesting their potential involvement in autoimmune disorders.
The objective of the current study was to assess the expression levels of miR-146a as potential indicators
for diagnosing rheumatoid arthritis (RA) and to examine their correlation with disease activity. A total of
one hundred blood samples divided into 50 RA patients and 50 healthy individuals were obtained. The
medical histories of all participants were collected, and they were provided with a comprehensive
clinicopathological assessment. Disease activity for the group of patients was evaluated using the Disease
Activity Score 28 (DAS28). The RNA content of blood samples was extracted, followed by cDNA
synthesis. Subsequently, the levels of miR-146a transcripts were measured using Real-time PCR.
Significant statistical differences were seen between patients and healthy controls in terms of miR-146a
relative expression, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and anti-cyclic
citrullinated peptide (anti-CCP) levels (p < 0.01). The miR-146a expression level, with a fold change of
4.87, exhibited a substantial upregulation in the whole blood samples obtained from patients diagnosed
with RA compared to those obtained from healthy controls. Furthermore, a positive correlation was seen
between the miR-146a expression level and the levels of ESR, DAS28, CRP, and anti-CCP in the RA
patients. In diagnosing RA, MiR-146a had superior diagnostic capabilities, exhibiting the most significant
levels of sensitivity and specificity at 74% and 87%, respectively. This was further supported by an area
under the curve (AUC) value of 0.90, obtained at a cut-off value of P2.55. In comparison, the diagnostic
performance of anti-CCP was not as favorable. The diagnostic test demonstrated a sensitivity of 52%,
specificity of 100%, and AUC of 0.81 when using a cut-off value of P 122.5U/ml. In summary, the
increased expression of miR-146a in the entirety of blood samples from individuals with RA may serve as
a possible indicator of disease activity and severity in those with established RA.
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Introduction

Rheumatoid arthritis (RA) is a
systemic autoimmune disorder
characterized by a persistent
inflammatory response that can result in
detrimental effects on both joints and
extra-articular organs, such as the heart,
kidneys, lungs, digestive system, eyes,

skin, and neurological system (1). RA is
a multifactorial autoimmune disease
that impacts around 1-2% of the global
population. The prevalence of this
condition is higher in women than men,
particularly among individuals aged 40
to 60 years (2). Several genetic and
environmental factors are related to the
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decrease or increase in the risk of
RA (3). In  genetically  susceptible
populations, environmental elements
cause  complex  post-translational
changes, which initiate a pathological
activation of the immune system,
ultimately resulting in the clinical
manifestation of the disease (4). The
clinical presentation of symmetrical
joint involvement encompasses
symptoms such as arthralgia, edema,
erythema, and impaired range of
motion (5). MicroRNAs (miRNAS)
are a subclass of noncoding RNAs
widely believed to serve as diagnostic
and prognostic biomarkers for many
diseases. They may be found in
menstrual blood, saliva, semen, vaginal
secretions, and other biological fluids.
They  regulate  most  biological
processes, including  chromosome
architecture, cell division, apoptosis,
stress  tolerance, and stem cell
maintenance (6). Two members of the
miR-146 family are miR-146a and miR-
146b. These two miRNAs, which are
expressed on chromosomes 5 and 10,
exhibit an extensive number of
structural similarities and only differ in
mature sequence at the 3’ end by two
nucleotides (7). The microRNA-146a
has garnered significant interest in
autoimmune  disorders. The study
conducted by (8) identified many target
mRNAs implicated in inflammatory
signaling, including Interleukin-1
receptor-associated kinase 1 (IRAK-1),
IRAK-2, and tumor necrosis factor
receptor-associated factor 6 (TRAF-6),
that can be bound by mature miRNA-
146a. However, it is essential to note
that there is no pathognomonic
laboratory test for rheumatoid arthritis,
which makes the diagnosis of this
disease challenging in the early stages.
A comprehensive clinical approach is
required to make the diagnosis and
prevent debilitating joint damage (9).

The prevention of common injuries and
the achievement of improved long-term
outcomes  necessitate  both  early
diagnosis and early and successful
management. Hence, it is imperative to
have  dependable  biomarkers in
conjunction with outcome
metrics. (10). However, there are few
reports on the association between the
quantity of miR-146a present in the
whole blood of patients with RA and
the level of disease activity. This study
aimed to assess the potential use of
miR-146a as a biomarker for evaluating
RA onset, severity, and progression in
patients with established disease. The
study focused on examining the
expression levels of miR-146a in the
blood.
Materials and methods
Study design

The present study employed an
observational ~ case-control  design,
conducted during a period spanning
from July to November 2022. Each case
provided a thorough medical history,
which included demographic data such
as name, age, gender, occupation, and
address. Information regarding family
history of RA, current pregnancy status,
and history of concurrent disorders such
as diabetes mellitus, hypertension,
hyperlipidemia, and other relevant
conditions was  also  recorded.
Simultaneously, the DAS28
encompasses a range of values from 0
to 9.4. This score is derived by
considering various factors, including
assessing sore joints, swollen joints,
overall  health  perception, and
laboratory measurement of acute
inflammation known as ESR. It is a
metric employed by rheumatologists to
evaluate disease activity.
Patients and controls

The study comprised a sample
of one hundred individuals from Iraq,
categorized into two groups: patients
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and controls. The patient group
consisted of 50 individuals, eight males
and forty-two females recruited from
the Rheumatology Unit of Baghdad
Teaching Hospital. These individuals,
aged between 26 and 70, were included
in the study after being diagnosed with
RA Dbased on the ACR/EULAR
classification  criteria  outlined by
Aletaha et al. (11). The patient group
was further separated based on their
DAS28 score into three subgroups: low
disease activity (DAS28 < 3.1),
moderate disease activity (3.1 < DAS28
< 5.1), and severe disease activity
(DAS28 > 5.1) and Fifty healthy
individuals (10 males and 40 females)
were obtained from the National Blood
Transfusion Center and curious with
ages ranging from 28 to 65 years old
and with no autoimmune disorders and
familial  history of autoimmunity,
immunodeficiency, and malignancy and
whose age and sex were matched with
those in the patient's group. The study
excluded individuals with other chronic
debilitating diseases, chronic disorders,
or pregnancy.
Sample collection

From everyone  participate
enrolled in this study, 5ml of blood was
drawn by venipuncture using disposable
syringes. Each sample was divided and
keep in two tube as follows: first tube
contain sodium citrate for ESR analysis.
second one was placed in gel tubes for
30 minutes at room temperature, and

then centrifuged for 10 minutes in order
to obtain serum that divided into
aliquots (250 pl) for molecular and
Serological study analysis.
Evaluating the MIR-146A gene's
expression
A) MicroRNA extraction

RNA was extracted from serum
samples according to the protocol of
TRIzol™ Reagent. The serum 300 pl
was added immediately to 500 pl of
TriQuickReagent (SolarBio, China),
Lyse cells in sample by vortex several
times, let in RT for 10 min. 0.2 mL of
chloroform add for aqueous phase
containing of RNA, 05 mL of
isopropanol was added for RNA
precipitated as white gel-like pellet,
0.5mL of 70% ethanol was added for
RNA washing, finally Pellet was
rehydrated in 50ul of Nuclease Free
Water then incubated in a water bath at
55-60°C for 10-15 minutes.
B) Reverse transcription

Total RNA was reversely
transcribed to complementary  DNA
(cDNA)  using Add Script Reverse
Transcriptase kit (add bio, Korea). The
procedure was carried out in a
reaction volume of 20 pl according
to the manufacturer's instructions. All
RNA species were subjected to
conversion into complementary DNA
(cDNA). Thermal cycler steps of
conditions cDNA Reverse Transcription
described in Table (1).

Table (1): Program PCR converted RNA to cDNA

Step Temperature (°C) Time (min) No. of cycles
Annealing 25 10 1
Extension 50 60 1

Enzyme inactivation 80 5 1

Hold 4 o0

C) Quantitative real time PCR
Following the conversion of

RNA into cDNA, real time PCR

reaction was used and the template this

time is cDNA, RNA detection using
RNA-specific primers as Table (2). The
component is composed of the
reaction mix with their quantity as
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mentioned in Table (3) and Real Time
PCR  Program  thermal  cycling
conditions for miR-146a, is shown in
(Table 4). The expression of the
U6snRNA was employed as an
endogenous control for the purpose of

normalizing the data. The fold change
in miR-146a expression between the
patient and the healthy group was
determined by  calculating  the
comparative  relative  quantification
(RQ) level using the 2—**“ method.

Table (2): Primers that use for gene expression of miR-146a and U6 genes.

Primer Sequence (5'—3’ direction) prlms; s1z€ ng Reference
miR-146a (Gene Expression)
Forward GGGTGAGAACTGAATTCCA 19 58 (12)
Reverse CAGTGCGTGTCGTGGAGT 18 62
U6 snRNA
U6 F.P. CTCGCTTCGGCAGCACA 17 60 13)(
U6 R.P. AACGCTTCACGAATTTGCGT 20 60
Table (3): Volumes and concentrations of RT-PCR reaction mix.
Components 20 pl
Luna® Universal gPCR Master Mix 10
Nuclease free water 6
Forward Primer (10 pM) 1
Reverse Primer (10 pM) 1
Cdna 2
Table (4): program for RT-PCR cycling.
Step Temperature °C Time m: s Cycle
Initial Denaturation 95 05:00 1
Denaturation 95 00:20 45
Annealing 60 00:30
Extension 95 00:20 1
Laboratory investigations Statistical analysis
Estimation of Erythrocyte The Statistical Analysis System

sedimentation rate (ESR)
Erythrocyte sedimentation rate
was estimated in mm/1lst hour using

Westergren method

Estimation of C-reactive protein
(CRP), Rheumatoid factor (RF), anti-

cyclic citrullinated
CCP)
Serum

samples

peptide (anti-

were

performed using the Sandwich enzyme

linked
kits

immunosrbent assay (ELISA)
(Dialab , China) and (SunLong

Biotech, China) in accordance with the
manufacturer's protocols to determine
the (RF Cat. No R97422), (CRP Cat.No

SL0881Hu
SLO1Hu).

and

ACCP

Cat.No

(SAS, 2018) software was employed to
identify the impact of various factors on
study parameters. The quantitative
variables were characterised using
statistical measures such as the mean,
standard deviation (SD), and range. The
Least Significant Difference (LSD) test,
which is a component of the Analysis of
Variance (ANOVA), was employed to
determine the statistical significance of
the differences between means. An
estimation of the correlation coefficient
between the variables in this study is
requested. The Pearson correlation
coefficient test is a statistical measure
used to assess the strength and direction
of the linear relationship between two
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variables, denoted as X and Y. It yields
a numerical value ranging from -1 to
+1, where a value of +1 indicates a
perfect positive correlation, 0 indicates
no correlation, and -1 indicates a perfect
negative  correlation. A receiver
operating characteristic (ROC) curve
analysis was conducted in order to
evaluate the diagnostic accuracy of
miR-146a. The Receiver Operating
Characteristic  (ROC)  Curve is
computed through the utilization of
binary  logistic  regression.  The
estimation of the specificity and
sensitivity of RA diagnosis was
conducted by calculating the area under
the receiver operating characteristic
(ROC) curve (AUC) and determining

the corresponding 95% confidence
interval (Cl).
Results and discussion
Distribution of rheumatoid arthritis
patients and control group according
to age

The age of RA patients ranged
from 26 to 70 years with mean£SD of
45.22 £12.90 years and from 28 to 65
years with mean+SD of 45.64 +12.15in
the control group. With respect to age,
there was no statistically significant
difference between both the control and
patient groups. This was done to ensure
an objective and scientific comparison
between the patients with RA and
the control group, as presented in
(Table 5).

Table (5): Characteristics of the studied participants

_— Patient group Control group 5 §
Characteristics mean + S.D mean + S.D t-test p-value
Age (years) 45.22 £12.90 45.64 £12.15 4.97 NS 0.86

NS, non-significant

Comparison between RA patient and
healthy control groups as regards
ESR, RF, CRP and anti-CCP.

In our study, RA patients
had elevated levels of ESR, RF, CRP
and (anti-CCP) biomarkers were
(40.94 £8.60mm/h, 45.74 +8.761U/ml,
11.38 +1.06mg/dl and 122.49 +41.67 U
/ml), respectively. While the control
were(14.34 +£3.89 mm/h, 27.12+5.06
IU/ml, 6.49 +1.96mg/dl and 81.97
+22.56 U /ml). (Table 6) shows a
significant statistical difference and

high disparity in the clinical and
laboratory attributes of patients with RA
compared to the control group.
Specifically, there are significant
variations observed in parameters such
as ESR, RF, CRP, and anti-CCP levels
(p < 0.001). These increases in ESR,
CRP, ACCP and RF levels are due to
the  production of inflammatory
cytokines and immune complexes that
are characteristic of autoimmune
diseases. Our findings are consistent as
well similar to with finding of (14, 15).

Table (6): Comparison between RA patient and healthy control groups as regards ESR, RF, CRP

and anti-CCP

Parameters RA Control Independent t-test
Mean+ SD Mean+ SD t-test p-value
ESR (mm/hour) 40.94 £8.60 14.34 £3.89 2.65** 0.001**
CRP (mg/dl) 11.38 £1.06 6.49 £1.96 0.62** 0.001**
RF (U/ml) 45.74 £8.76 27.12 £5.06 2.84* 0.001**
Anti-CCP (U/ml) 122.49 £41.67 81.97 £22.56 13.29** 0.001**

**: Significant (p<0.01)
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MiR-146a expression level in sample
by one step RT-gPCR

In the present study, a
significant up regulation of miR-146a
gene expression was observed in the
whole blood samples obtained from
patients with RA compared to the
control group. RA patients exhibited a
fold change of 4.87, while the controls
showed a fold change of 1.0 (P<0.01)
(Table 7). According to Nakasa et al.
(16), there is an observed upregulation
of miR-146a expression in both
synovium and whole blood of patients
with active RA, indicating a heightened
disease activity. The observed increase
in miR-146a expression in patients with
RA can be attributed to the activation of
the NF-xB-dependent pathway, which
leads to the transcriptional upregulation
of miR-146a. This activation occurs in

response to various pro-inflammatory
immune mediators, including
lipopolysaccharide (LPS), interleukin-
1B (IL-1B), tumor necrosis factor-alpha
(TNF-a), and latent membrane protein 1
(LMP1), all of which are known to be
elevated in RA patients (17). El-bakry
et al. (18) reported a statistically
significant difference in miR-146a
relative expression between patients and
healthy controls. Rezaeepoor et al. (19)
conducted a study in which they
identified several microRNAs (miR-
155, miR-150, miR-146a, miR-146b,
miR-125a-5p, and miR-223) that
exhibited increased expression levels in
both groups of RA patients, namely
those with poor and reasonable response
to therapy when compared to a healthy
control group.

Table (7): MiR-146a normalized gene expression levels in the different studied groups (2*-AACt)

Means :
Ct of Means o~ AACT experimental Fold of
Group MiR- Ct of ACt AACt / Control gene. p-value
146a U6 group expression
Patients | 30.00 21.37 2.62 -2.27 4.84 4.84/0.99 4.87 0.001%*
Control 31.29 26.38 4.90 0.00 0.99 0.99/0.99 1.0 '

Correlation analysis

Moreover, MiR-146a expression
levels showed significant positive
correlations with those of ESR (r
=0.34and p=0.01), Anti-CCP antibody
(r=0.29 and p=0.001) CRP (rho=0.31

and p=0.03), and DAS28 (r=0.30 and
p=0.03).However, miR-146a expression
levels showed no statistically significant
correlation with any of the RF levels
(rho=0.14 and p=0.30), age (rho=0.05
and p=0.74), (Table 8).

Table (8): Correlation analysis of the miRNA expression levels and clinicopathological properties
(ESR, RF, CRP anti-CCP) of the RA patients

ESR RF Anti-CCP CRP DAS28 Age

miR-146a R 0.34* 0.14 NS 0.29* 0.31* 0.30* 0.11

folding Sig 0.01 0.30 0.03 0.03 0.03 0.41
* Correlation is significant at the 0.01 level (2-tailed)

Abou-zeid et al. (20) ,found
notable positive correlations between
the expression levels of miR-146a and
disease activity, as measured by the
DAS-28 and ESR values.Divergent
results were seen in reference to the
association between the expression level
of miR-146a and the advancement of

the disease. The findings of our
investigation unveiled a noteworthy
correlation between the expression
levels of miR-146a and the degree
of disease activity. The observation of a
linear rise in miR-146a expression
across different patient subgroups
serves as clear evidence. In particular,
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the expression of miR-146a was shown
to be significantly elevated in RA
patients exhibiting the most severe
disease activity, whereas it was
observed to be notably reduced in

individuals with low-grade disease
activity. The findings suggest that
miR-146a has the potential to serve as a
predictive biomarker for RA, as
demonstrated in (Table 9).

Table (9): The association between the level of miR-146a expression and the course of the disease.

. . miR-146a
Disease Activity Score 28 Mean+ SD
Low (4) 2.00 £0.65
Moderate (18) 3.82 +0.47
High (28) 4,12 £0.53

LSD value 2.371 NS

P-value 0.283
NS: Non-Significant.

Accuracy of miR-146a in diagnosing a
compared to anti-CCP

The review  study  has
determined that the overall specificity
and sensitivity of a single miRNA as a
biomarker for RA is generally limited.
Therefore, utilizing a set of several
miRNAs or combining miRNAs with
other parameters is recommended for
improved diagnostic accuracy.
Identifying anti-CCP antibodies has
emerged as a diagnostic marker for RA,
offering a valuable tool for accurate
diagnosis. A ROC curve was generated

to assess and evaluate the diagnostic
performance of miR-146a relative
expression and anti-CCP in diagnosing
RA, as presented in (Table 10). In the
present investigation, it was observed
that miR-146a  exhibited  higher
diagnostic accuracy than anti-CCP in
identifying patients with RA. The AUC
for miR-146a was determined to be
0.992, with a cut-off value of P2.16
folds. The sensitivity and specificity of
miR-146a were 96% and 100%,
respectively (Figure 1).

Table (10): Performance characteristics of Mir-146a expression and anti-CCP in diagnosing RA.

Parameters | AUC | Explanation | P value Tgﬁ t%?:t Sensitivity % | Specificity %o
ACCP 0.81 Very good 0.001 122.5000 52 100
MiR-146a 0.90 Excellent 0.001 2.550 74 87
ROC Curve
* Source of the
Curve
=
§
w“ 0
R l> - Specificity

Figure (1): Combined ROC curve analysis of miR-146a and ACCP.
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The miR-146a biomarker
demonstrated the highest area under the
curve (AUC) value of 0.90, whereas the
anti-CCP biomarker exhibited an AUC
value of 0.81, which indicates that the
miR-146a level was a strong diagnosis
biomarker of RA. This result was in
accordance with previous studies which
elevated expression of miR-146a was
detected in synovial fluid, synovial
tissue and whole blood in RA patients
(21, 22). It is imperative to acknowledge
that the investigations above are
constrained by a very modest sample
size and were carried out on patients
from diverse racial and ethnic
backgrounds. The study's sample size of
fifty participants is acknowledged as a
disadvantage due to its small magnitude.
Nevertheless, our research findings,
which have  demonstrated  the
significance of miR-146a as a biomarker
for RA, have the potential to serve as a
reference for future comprehensive
investigations aimed at gaining a more
comprehensive comprehension of the
precise involvement of mMIRNAs in
rheumatic conditions. This study aimed
to utilize and assess simplified and
minimally intrusive sampling techniques
to enhance participant adherence.
Conclusion

This study's findings indicate a
significant upregulation of miR-146a
transcript levels observed in the whole
blood samples obtained from patients
diagnosed with RA, compared to the
control group consisting of healthy
individuals. Furthermore, there was a
significant association between the
expression levels of miRNAs and other
clinicopathological aspects of the
patients, such as ESR, CRP, anti-CCP,
and disease activity as measured by
DAS28. The diagnostic performance of
the tested method exhibited superior
results compared to the anti-CCP assay.
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