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Abstract
Background: The expression of forkhead box O (FOXO) was found to be connected with
developing rheumatoid arthritis (RA), an inflammatory autoimmune disorder. The current study
is intended to assess the expression and methylation status of the FOXO1 gene in individuals
with recently diagnosed RA, before and after the administration of customary disease-modifying
antirheumatic drugs (DMARDs).
Methods: Twenty participants were investigated in this study. The assessment of the FOXO1
gene expression in peripheral blood was done by real-time PCR, and the status of FOXO1
promoter methylation was ascertained via quantitativemethylation-specific PCR (Q-MSP) before
and after the administration of DMARDs for six months.
Results: Following DMARDs treatment, the study discovered a decrease in FOXO1 gene
expression. However, the decline did not meet the criteria for statistically meaningful (P = 0.087).
The expression of the FOXO1 gene was positively correlated with RA disease activity pre- and
post-treatment with DMARDs (P = 0.009, r = 0.567 and P = 0.001, r = 0.656, respectively).
Moreover, the study showed no alterations in the amount of DNA methylation of the FOXO1
promoter in newly diagnosed RA patients who had not yet received DMARDs, as compared to
DMARDs-treated RA patients.
Conclusion: Altogether, this study suggests that DMARDs treatment may reduce FOXO1 gene
expression, potentially helping to alleviate the pro-inflammatory effects associated with this
gene.
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1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disor-
der characterized by joint inflammation. Its exact
cause is unknown, but it is believed to be
influenced by genetic predispositions, immune
dysregulation, and environmental factors [1]. Cur-
rently, there is no known cure for RA, but disease-
modifying antirheumatic drugs (DMARDs) are the
mainstay of treatment. DMARDs can suppress the
immune system, slow down the progression of RA,
and alleviate symptoms. They can also prevent
joint damage [2].

Forkhead box O (FOXO) transcription factors,
members of the forkhead proteins family, play a
crucial role in various biological functions such as
cell respiration, organ development, and apoptosis.
Insulin and insulin-like growth factors are regulated
by these transcription factors [3]. There are several
subtypes of FOXO, including FOXO1, FOXO3,
FOXO4, and FOXO6 [4]. Research suggests that
FOXO factors are important for regulating immune
and lymphocyte activity [5]. Studies using FOXO

gene knockout mice have shown that FOXO1
is necessary for maintaining normal lymphocyte
numbers [6, 7]. FOXO1 is highly expressed in B
cells, T cells, and ovaries, and it has been linked to
various biological activities including cell growth,
tumor control, metabolism, and response to oxida-
tive stress [8, 9]. Furthermore, previous studies
have indicated that FOXO proteins have a pro-
inflammatory effect [10–12]. FOXO1, in particular,
has been found to promote the release of the
pro-inflammatory cytokine interleukin 1 (IL-1) from
macrophages [10].

Epigenetic changes, specifically DNA methyla-
tion, have been implicated in the development
of RA [13]. DNA methylation is a process that
involves adding a methyl group to specific regions

of DNA, which can impact gene expression and
transcription [14–16]. DNA methyltransferases are
the enzymes responsible for this process [17,
18]. Variations in DNA methylation have been
associated with various human disorders, including
the development of tumors [19]. In RA patients,
DNA methylation changes have been observed,
with hypomethylation of certain genes, like STAT3,
WISP3, CHI3L1, MAP3K5, and CASP1, leading
to overexpression and potentially contributing to
the occurrence of RA. Hypermethylation of other
genes, like FOXO1 and TGFBR2, has also been
reported [20]. Research has shown that RA patients
have global DNA hypomethylation in their T-cells
and monocytes, and changes in DNA methylation
occur in B-cells at the onset of the disease [21, 22].

Methotrexate, a medication commonly used to
treat RA, works by blocking enzymes involved in
DNA production and purine metabolism [23]. It is
postulated that methotrexate inhibits DNA methy-
lation, although global DNA methylation has been
detected in methotrexate-treated individuals [24–
26]. This study aimed to evaluate the effectiveness
of DMARDs therapy on the expression of the
FOXO1 gene and the status of its DNA methylation
in newly diagnosed RA patients.

2. Materials and Methods

2.1. Methodology and subjects of the
research

Following the 2010 categorization criteria of the
American College of Rheumatology (ACR) and
European League Against Rheumatism (EULAR),
blood samples from 20 RA patients who had just
received a diagnosis, as well as those taken six
months after starting DMARDs (methotrexate [7.5–
15 mg/day], hydroxychloroquine [200 mg/day], and
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mPRED [5–15 mg/day]) treatment, were collected.
Table 1 displays patient demographics and clinical
characteristics.

2.2. Determining anti-CCP levels in
plasma

The Medizym anti-CCP enzyme-linked immunosor-
bent assay (ELISA) Kit (Medipan GmbH, Germany)
was utilized for determining the plasma levels of
IgG antibodies against cyclic citrullinated peptides
(CCPs) following the package recommendations by
using the STAT FAX 4200 ELISA reader.

2.3. Isolation of RNA and cDNA syn-
thesis

Following the owner’s manual, total RNA was
isolated from whole blood samples using an RNA
extraction kit (RNX PLUS, SinaClon Bioscience,
Iran). A Nanodrop 2000 spectrophotometer was
used to measure the amount and purity of
the isolated RNA (Thermo Scientific, USA). The
Parstous commercial kit (Parstous Biotechnology,
Iran) was used to synthesize cDNA following the
kit’s instructions.

2.4. Real-time PCR

Using the IDT Oligoanalyzer
(www.idtdna.com/calc/analyser), primers for
FOXO1 and GAPDH (as a housekeeping gene)
were created (Table 2). Primers were validated
for their precision and specificity using the
NCBI’s Basic Local Alignment Search Tool
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/). A
maximum of 20 µl was used for the real-time PCR
analysis, consisting of 1.5 𝜇l of cDNA, 0.8 𝜇l of
each primer (forward and reverse), 10 𝜇l of PCR
master mix (from Parstous Biotechnology, Iran),

and 6.9 𝜇l of distilled water. The different heat
treatment variables were 95ºC for 30 s, 40 cycles
of 5 s at 95ºC, 30 s at 60ºC, and 62ºC for GAPDH
and FOXO1, correspondingly; the melting curve
was 5 s at 95ºC, 15 s at 65ºC, and 5 s at 95ºC, and
continued melting during the PCR processes on
the Light cycler 96 (Roche, Switzerland). The Pfaffl
formula [27] was used to conduct the analysis that
determined the comparative gene expression.
To do this, we determined the concentration of
target mRNA in each test related to the quantity of
GAPDH mRNA transcripts present in each sample
to use as a housekeeping gene. Three duplicates
of each test were carried out.

2.5. DNA extraction and bisulfite treat-
ment

Twenty patients with a recent RA diagnosis
had their whole blood processed with EDTA
for DNA isolation purposes, and the samples
were analyzed before and after six months of
therapy with DMARDs [28]. Purified DNA was
evaluated quantitatively and qualitatively using
spectrophotometry and agarose gel electrophore-
sis before being stored at –20ºC until use. Fol-
lowing the manufacturer-recommended protocol,
we converted a measured volume of each DNA
sample using an EpiTect Bisulfite kit (Qiagen
GmbH, Germany). For each sample, an equal
quantity of genomic DNA (1000 ng) underwent
bisulfite treatment. Non-methylated cytosines are
converted to uracil with this technique, whereas
methylated cytosineswere left unaltered. A thermal
cycler was used to carry out this treatment, and
its settings were 95ºC for 5 min, 60ºC for 10 min,
95ºC for 5 min, and 60ºC for 10 min. How much
converted DNA was present in the samples was
determined using a NanoDrop spectrophotometer.
Before performing Q-MSPs, purified DNA was kept
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at –20ºC. A sensitivity assay was accomplished
to evaluate the effectiveness of the bisulfite
modification. In this assay, untreated DNA was
utilized as a template for PCR amplification using a
specific set of MSP primers.

2.6. Quantitative methylation-specific
PCR (Q-MSP)

Quantitative methylation-specific PCR, also known
as Q-MSP, was carried out with the use of
BioFact𝑇𝑀 2X Real-Time PCR Pre-Mix (BioFact,
Korea). The NCBI database was applied to locate
the base sequence of the human FOXO1 gene
promoter. To confirm the presence of CpG islands
in the gene promoter region and generate methy-
lated and unmethylated primers for the FOXO1 pro-
moter (as shown in Figure 1 and Table 3), the Meth-
Primer software available at http://www.urogene.
org/cgibin/methprimer/methprimer.cgi was utilized
[29]. Two CpG islands were found in the promoter
sequence of the FOXO1 gene using methprimer’s
search. The first island was 153 bp in size, while
the second one was 724 bp. The target DNA for
amplification of the PCR was a 174 bp fragment
for the methylated target and 175 bp for the
unmethylated target, which was located within
CpG island 2 (Figure 1). The Roche Life Science
LightCycler® 96 (Roche, Switzerland) was used to
perform real-time PCR in an ultimate volume of 20
𝜇l. The mixture included 25 pmol of each methy-
lated/unmethylated primer (forward and reverse),
as well as 50–100 ng of bisulfite-treated DNA.
An unaltered DNA and an MSP–PCR reaction that
did not contain a DNA template were utilized
as negative controls for both sets of methylated
and unmethylated primers, respectively. A fully
methylatedDNA (EpiTect, Qiagen) was regarded as
a positive control for the methylated primers. The
following real-time PCR cycling parameters were

used: 95ºC for 60 s, 45 cycles of 20 s at 95ºC, 30
s at 55ºC, and 12 s at 72ºC.

2.7. Statistical analysis

GraphPad Prisms® 6.0 and SPSS software version
24.0 (SPSS, Chicago, IL, USA) were used to conduct
data analysis and create graphs (GraphPad Soft-
ware, La Jolla, California, USA). The Kolmogorov–
Smirnov (K–S) test for one sample was utilized
to check the distribution of the information.
Patient outcomes were compared pre- and post-
treatment using the Wilcoxon matched-pairs test.
Additionally, statistical significance was assumed
for variations with P-values < 0.05.

3. Results

3.1. Relative mRNA expression level of
the FOXO1 gene

Using GAPDH as an internal reference, we exam-
ined FOXO1 transcription between DMARD-naive
newly diagnosed RA patients and DMARD-treated
care recipients. The statistical study indicates
a trend toward lower FOXO1 gene expression
following DMARD therapy, though the change was
not statistically meaningful (P = 0.087) (Figure 2).

3.2. The level of FOXO1 methylation in
patients with RA

The methylation status of the FOXO1 gene in
patients with RA was assessed using genomic
DNA that had undergone bisulfate treatment. Using
the Q-MSP technique, we compared RA patients
(recently diagnosed naive DMARDs patients and
DMARDs-treated patients) with respect to the
methylation status of the FOXO1 promoter in vivo.
Twenty patients with a recent RA diagnosis and
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Table 1: Participant characteristics and demographics.

Variable Before treatment After treatment P-Value

N 20 20

Age (Y) 50.8±2.68
Sex (F/M) 14/6

BMI (Kg/m2) 27.4±1.2
AntiCCP-IgG (U/ml) 686.74±182.72 377.51±109.55 0.332

ESR (mm/h) 33.95±3.67 18.95±2.22 <0.01
DAS-28 4.27±0.88 2.54±0.96 <0.0001
Vitamin D 34.89±3.92 38.5±3.5 0.490

Swollen 5.2±1.03 1.35±0.62 <0.001
Tender 5.85±1.1 1.35±0.65 <0.001
All data were presented as the mean value ± SEM.
BMI: body mass index; ESR: erythrocyte sedimentation rate; DAS-28: disease activity score-28; N:
Number.

Table 2: The used primer sequences for real-time PCR amplification of a target and reference gene.

Gene Forward primer (5’>3’) Reverse primer (5’>3’) PCR product
size (bp)

GAPDH GAAACCTGCCAAGTATGATG AGGAAATGAGCTTGACAAAG 188

FOXO1 TGGACATGCTCAGCAGACATC TTGGGTCAGGCGGTTCATAC 97

Table 3: Primers used in quantitative methylation-specific PCR (Q-MSP) and their sequences.

Gene Forward primer (5’>3’) Reverse primer (5’>3’) PCR product
length (bp)

FOXO1 Methylated

GGTACGGAGAAGGGGTTTTTC ACGATATCTTTACTAAACGACGT 174

Unmethylated

GGTATGGAGAAGGGGTTTTTTG CCACAATATCTTTACTAAACAACATA 175

Figure 1: (a) A graphical representation of the CpG islands located in the promoter region of FOXO1, sourced from MethPrimer.
The criteria used to identify these islands were a size greater than 100, a GC percentage greater than 50.0, and an Obs/Exp
ratio greater than 0.6. (b) A partial sequence of the CpG island 2 in the promoter region of FOXO1 that has been amplified and
ranges from 4271 to 4444 (NCBI Reference Sequence: NG_023244.1). The CpG sites that were studied are displayed, with arrows
indicating the primer regions (Solid for methylated sequence and dashed for non-methylated sequence).

no prior exposure to DMARDs had unmethylated FOXO1 promoter regions in their whole blood. The
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Figure 2: Comparison of baseline and post-treatment levels of FOXO1 transcription in the peripheral blood of patients with RA.
When DMARDs were used, the FOXO1 gene’s transcription level was lower than it was before. Statistical analysis showed that
the decline was not significant (P = 0.087). Statistical information was displayed using a mean ± standard deviation (SD).

Figure 3: FOXO1 gene expression positively correlated with disease activity score (DAS)-28 in RA patients both pre- and post-
treatment with disease-modifying anti-rheumatic drugs (DMARDs). P stands for P-value, while r stands for Spearman’s rank
correlation coefficient.

Figure 4: Medication with DMARDs has an impact on RA patients’ DAS-28 levels. The rate of DAS-28 decreased significantly in
DMARDs-treated RA patients during the six-month follow-up period (P < 0.0001). Statistical information was displayed using a
mean ± standard deviation (SD).

outcomes of this research likewise revealed that there was no promoter methylation in each of the
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20 patients following DMARD therapy. To verify
the methylated primers, a fully methylated DNA
was applied as a positive control. The amplification
of the fully methylated DNA using the methylated
primers was successful. As a result, we found
no differences in the methylation situation of the
FOXO1 promoter between DMARDs-treated RA
patients and recently diagnosed DMARDs-naive
RA patients.

3.3. Correlations analysis

FOXO1 gene expression was found to be con-
nected with RA patients’ disease activity score
(DAS) calculated from a questionnaire measur-
ing disease activity in 28 joints. The findings
demonstrated a substantial positive connection
between FOXO1 gene expression and DAS-28
in RA patients both pre- and post-treatment with
DMARDs (P = 0.009, r = 0.567 and P = 0.001, r =
0.656, respectively) (Figure 3). The rate of DAS-
28 dropped dramatically in DMARDs-treated RA
patients over the six-month follow-up period (P <
0.0001; Figure 4).

4. Discussion

The engagement of lymphocytes and overall
immune system activity are two processes that
are heavily influenced by FOXO factors. The
expression of the FOXO gene is considered to
be connected with the development of RA, an
autoimmune inflammatory disease [5]. Additional
research may be required, though, to determine
the precise function that FOXO1 plays in the onset
of RA and to determine the impact that DMARDs
have on FOXO1 gene expression and methylation
in RA patients. In this study, we ascertained the
amount of FOXO1 gene expression in patients who

were DMARDs-naive at the time of diagnosis to
those who had been medicated with DMARDs.
After receiving DMARD therapy, the FOXO1 gene
expression level decreased. However, this decline
was not statistically significant.

FOXOs regulate multiple biological activities,
including embryonic development, metabolic activ-
ity, modulation of immunological functions, cell
growth, tumor suppression, and responses to
oxidative stress [30–33]. RA patients’ peripheral
blood mononuclear cells (PBMCs) have lower
FOXO1 mRNA levels than healthy individuals,
according to a small number of investigations,
and some have suggested that FOXO proteins
may promote inflammation. One analysis revealed
that compared to normal controls, PBMC FOXO1

expression levels were considerably lower in
RA patients with current disease activity. They
hypothesized that the decreased expression of
FOXO1 would play a role in lowering the activation
threshold of lymphocytes, which would contribute
to the emergence of RA [5]. Furthermore, the
expression of FOXO1 in RA synovial tissue was
found to be inversely linked with disease activity,
and mRNA levels of FOXO1 were found to be
decreased in RA peripheral blood, in comparison
to healthy donor blood [34]. Contrary to these
observations, our investigation demonstrated that
FOXO1 gene expression was positively associated
with the disease activity in RA patients pre-
and post-therapy with DMARDs. Before DMARDs
therapy, the FOXO1 gene’s expression level was
higher than after receiving DMARDs therapy,
further supporting the notion that FOXO1 plays
a pro-inflammatory role in RA before treatment.
Prior studies confirm the pro-inflammatory activity
of FOXO proteins [10–12]. FOXO4 enhances initial
chronic inflammation via endothelial arginase 1,
according to Zhu et al.’s study [12].
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Epigenetic modifications in RA have attracted
a lot of attention recently as they relate to the
etiology of RA [13, 20]. DNA methylation has
been the subject of extensive research due to
its importance as an epigenetic process [14, 15].
Recent research has characterized alterations to
the DNA methylome in various patient cell types
and identified several differentially methylated
genes that may be crucial to the etiology of RA [35].
Karouzakis et al.’s study revealed worldwide DNA
hypomethylation in RA synovial fibroblasts [36].
It has been demonstrated that widespread gene
hypomethylation can lead to gene overexpression,
which can then lead to RA [20]. Fibroblast-like
synoviocytes (FLS) lines from six RA and five
osteoarthritis patients were used in research by
Kazuhisa Nakano and coworkers [37]. The results
showed hypomethylation in important RA genes
including STAT3, WISP3, CHI3L1, MAP3K5, and
CASP1, and hypermethylation in TGFBR2 and
FOXO1 genes [37]. DNA methylation in the five pri-
mary subgroups of blood cells (T, B, and NK cells,
monocytes, and polymorphonuclear leukocytes)
was investigated in the preliminary phase of RA
and one month following therapy with methotrex-
ate in a separate study involving 19 RA patients
prior therapy commencement and 17 healthy
controls. These results demonstrate that patients
with RA have global DNA hypomethylation, which
is confined to certain subgroups of blood cells
and can be reversed by methotrexate therapy.
The levels of methylation-related enzymes (DNMT1,
DNMT3A, etc.) also changed in tandem with these
modifications [22]. Many DNA methylation-related
traits in RA, though, are still poorly understood
or debatable. For instance, additional studies are
needed to see if DNA methylation anomalies in
RA promote the onset and course of the disease
or whether they are a byproduct of the sickness.

Furthermore, it is important to evaluate the DNA
methylation patterns in both the early and late
phases of the disease [38].

This research intended to assess the effects of
DMARDs medication on the status of DNA methy-
lation in the FOXO1 promoter in individuals with
a recent RA diagnosis. To learn about the FOXO1
promoter methylation status in vivo, we performed
a Q-MSP analysis. Twenty blood samples from
recently diagnosed RA patients were analyzed
for methylation before and after therapy with
DMARDs, and the results indicated that the FOXO1
promoter region was unmethylated in both sets of
samples. As a result, we found no differences in the
DNA methylation situation of the FOXO1 promoter
betweenDMARDs-treated RA patients and recently
diagnosed DMARDs-naïve patients. As seen in
some cancers, hypomethylation in the early stage
of RA may be accompanied by hypermethylation.
Furthermore, methotrexate is hypothesized to
impede methylation of DNA through inhibiting the
methionine S-adenosyltransferase and SAM [24,
25]. Thus, the reason for the lack of difference
in DNA methylation status between RA patients
(before and after treatment) is probably due to
DMARDs treatment as a result of inhibition of
key enzymes responsible for DNA methylation.
Notably„ since we used unsorted lymphocytes for
analyzing FOXO1 methylation and gene expres-
sion, our findings could be impacted by the
proportion and absolute numbers of leukocyte
subsets in our specimens, which can be regarded
as a limitation of the present study.

A previous study showed that higher global DNA
methylation in treating naïve RA patients is linked
with diminished clinical response following three
months of treatment with methotrexate [39]. Here,
we hypothesized that early detection of RA patients
with FOXO1 gene hypomethylation could prevent

DOI 10.18502/sjms.v19i3.16171 Page 396



Sudan Journal of Medical Sciences Shirin Assar et al

reduced clinical response or lack of response to
DMARDs due to the inhibition of DNA methylation
by DMARDs. However, to clarify this hypothesis,
more studies should be conducted in early stage
RA patients and more advanced RA patients who
are not undergoing treatment and after DMARDs
treatment.

5. Conclusion

The present study proposes that DMARDs treat-
ment may reduce FOXO1 gene expression in the
blood sample of RA patients who have been
recently diagnosed. Additionally, it shows that
in the blood sample of RA patients, the FOXO1

gene is positively linked with clinical symptoms
before and after DMARDs treatment, suggesting
that FOXO1 may exert a pro-inflammatory role
in RA. Lastly, our analysis of FOXO1 promoter
methylation revealed no significant differences
between newly diagnosed DMARDs-naïve RA
patients and DMARDs-treated RA patients. Further
investigations with larger sample sizes are required
to decipher the specific role of FOXO1 in the
inception of RA and the effect of DMARDs on
FOXO1 gene expression and methylation in RA
patients.
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