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Abstract

Background: The histone deacetylase (HDAC) family consists of epigenetic modifiers that demonstrate anti-inflammatory activities, and
hence they might have a substantial role in auto-inflammatory disorders including rheumatoid arthritis (RA). Therefore, the aim of this study
is to investigate the expression of HDAC1, HDAC2, and HDACT1 genes in peripheral blood mononuclear cells (PBMCs) of RA cases compared
to healthy controls.

Methods: In the current study, PBMCs were isolated after blood collection from 48 RA patients and 50 healthy controls. Afterward, RNA
extraction and cDNA synthesis was performed. The expression of target genes was investigated utilizing the real-time polymerase chain
reaction (PCR) with a relative quantification method.

Results: Overexpression of HDACT (Fold change= 1.91, P-value <0.001), HDAC2 (Fold change= 1.47, P-value =0.002), and HDAC11 (Fold change
=7.77, P-value <0.001) were observed in PBMCs of RA individuals in comparison to healthy subjects. Besides, a strong correlation was found
between the expressions of these three genes in PBMCs.

Conclusion: Regarding the histones and non-histone proteins that are targeted by HDACs and are involved in inflammatory responses, the
significantincrease in the expression of HDAC1, HDAC2, and HDACT 1 suggests that these genes may have an important role in RA pathogenesis.
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Key Points

*  RA (Rheumatoid Arthritis) is an inflammatory disease of synovial joints.

»  Histone deacetylases (HDACs) are a superfamily of enzymes that contribute to inflammatory gene expression.

* It is hypothesized that HDACs have been involved in RA pathogenesis by targeting histones and non-histone proteins like p53 and
consequently regulating the expression of inflammatory and apoptotic genes in RA patients.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease
defined by chronic inflammation, synovial hyperplasia, and
joint swelling [1]. The disease primarily involves the small joints
in the hands and feet [2]. Its prevalence in Western societies is
0.5 to 1 percent of the overall population and affects women
3 to 4 times more than men [3]. So far, a number of genetic
factors, that contribute to the susceptibility to autoimmune
diseases such as RA, have been identified, however, genetic
association studies cannot explain the exact cause of
autoimmune diseases alone and it seems that environmental
and epigenetic factors trigger autoimmunity in genetically
predisposed persons [4,5]. The studies of twins have confirmed
the importance of epigenetic factors in disease pathogenesis
rather than genetic contributions [6]. It has been observed that
in many cases of identical twins, there is no similarity in the
incidence of RA [5,6]. Epigenetic modifications are associated
with inherited changes that do not alter the gene sequence
but affect transcriptional regulation [7]. The epigenetic factors
importance in various diseases has been reported [7].

Histone modification is one of the epigenetics factors, which
includes histone methylation, acetylation, and deacetylation.
The level of histone acetylation performs a vital regulatory
position in gene expression by determining the chromatin
condensation and status in the chromosomal region [8].
Histone acetylation level is determined by the coordination
between histone acetyltransferase (HAT) and histone
deacetylase (HDAC) activities and determines the level of
gene transcription. Acetylation of histone tail lysine residues
by HAT is related to enhanced gene expression. While histone
hypoacetylation following the activity of HDAC enzymes
leads to gene silencing [8,9]. Four different classes of HDACs
are known based on phylogenetic analyses and sequence
homologies of yeast HDACs. Class | HDACs (HDACs 1-3 and
8), and class Il HDACs (HDACs 4-7, 9, and 10) take a significant
part in the lysine deacetylation of N-terminal tails of histones.
Class Ill includes the sirtuin protein family (Sirt1-7) which is
dependent on nicotinamide adenine dinucleotide (NAD)
as a cofactor. HDAC11 is the only member of the class IV
HDACs. HDACT11 has similarities in the catalytic domain with
class | and class Il HDAGs. It has a role in the stability of the
CDT1 DNA replication factor and regulation of interleukin
10 expressions. Class |, I, and IV HDACs are zinc-dependent
amidohydrolase enzymes[8,10,11]. The effect of HDAC activity
on the pathogenesis of RA is generally obscure, but it is clear

that HDACs are implicated in RA pathogenesis by targeting
both histone and non-histone proteins. Non-histone proteins
targeted by HDACs include P53 which is activated in the RA
synovial fibroblasts (RASFs) and NF-kB which participates
in the proinflammatory pathways [12]. Due to the increased
synovial activity of HDACs in RA patients compared to controls,
which is further increased by inflammatory stimulation, it is
suggested that some members of the Zn-dependent HDACs
play substantial roles in RA pathogenesis [13,14]. The level of
cytoplasmic TNF-a was associated with nuclear HDAC activity,
which was significantly higher in RA patients compared
to those with osteoarthritis (OA) and normal controls. RA
synovial tissue exhibited higher levels of HDAC1 mRNA
expression compared to both OA and normal controls, and
this was positively correlated with TNF-a mRNA expression. In
RA, nuclear HDAC1 protein levels were elevated in contrast to
OA synovial tissue. Stimulation with TNF-a notably increased
nuclear HDAC activity and HDACT mRNA expression at 24
hours, and HDAC1 protein expression at 48 hours in RASFs
[14].

The overexpression of HDACT is a defining feature of RA-SF.
In RA-SF, HDAC1 plays two separate roles: it promotes cell
proliferation and at the same time inhibits the production
of MMP-1. Furthermore, HDAC2 plays a vital role in the
proliferation and programmed cell death of RA-SF. Blocking
HDAC2 might be a practical approach to reduce RA-SF
proliferation while maintaining MMP production unchanged
since both HDAC1 and HDAC2 have similar effects on RA-SF
proliferation [13].

HDAC inhibitors showed anti-rheumatic properties. Besides,
previous studies have exhibited that HDAC inhibitors show
anti-inflammatory characteristics and can suppress the
expression of inflammatory genes like IL-6, IL-8, TNFa, IL1f3, and
TGFB [15,16]. Therefore it is suggested that the anti-rheumatic
properties of HDAC inhibitors are achieved by suppressing
proinflammatory cytokines and chemokines in RASFs [12].
Studies carried out in the last 20 years have demonstrated
positive results regarding the impact of HDACi therapies on
the advancement of RA [17,18].

Most studies focused on HDACs genes expression in the
synovial fibroblasts (SFs) of rheumatoid arthritis patients
[13,19]. Studies suggest that disruptions in HDAC activity
could contribute to the abnormal gene expression seen in
RA. Further exploration of the complex relationship between
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HDACs and RA could reveal potential therapeutic targets and
novel treatment strategies for this complex autoimmune
disorder. However, due to the importance of immune cell
regulation in RA pathogenesis, this study aimed to evaluate
the expression of the genes HDAC1, HDAC2, and HDAC11 in
peripheral blood mononuclear cells (PBMCs) of people with
RA opposed to healthy controls.

Material and Methods
Participants

Forty eight RA patients (over 20 years old) who were
diagnosed with active RA based on the American College of
Rheumatology (ACR) and 50 sex-matched healthy controls
without any autoimmune disease neither in themselves nor
in their first-degree relatives were included in this study. All
participants were recruited from the Rheumatology Research
Center (RRC) of Shariati Hospital (Table 1). After obtaining
informed consent, 4 milliliters of venous blood were drawn
from each participant. This study was approved by the Ethics
Committee of Tehran Medical University (IR.TUMS.VCR.
REC.1398.885).

Isolation of PBMCs and total RNA extraction

The isolation of PBMCs from whole blood samples was
done by Ficoll-Hypaque gradient centrifugation (Sigma, St.
Louis, Missouri, USA 690PB-100A). Isolated cells were used
for total RNA extraction by the High Pure RNA Isolation Kit
(Roche, Mannheim, Germany). Extracted RNA Concentration
and purity were confirmed by NanoDrop ND-2000C (Thermo
Fisher Scientific, Waltham, MA, USA). RNA with 260/280 ratios
below 1.8 and upper 2.0 was discarded.

cDNA synthesis and qPCR

To synthesize first-strand cDNA from isolated RNA, the

CellAmp Direct RNA Preparation Kit for Real-Time PCR (Takara
bio) was used. Gene expression analysis was performed
by real-time PCR (StepOne Plus Real-Time PCR System;
Applied Biosystems, USA) utilizing RealQ Plus 2x Master Mix
Green (Ampligon, DENMARK). Repeated experiments were
conducted for each sample and the mean cycle threshold (Ct)
value was calculated. The beta-2-microglobulin (B2m) gene
was used for normalization. The fold-change method (22%)
was used to analyze the expression of HDAC1, HDAC2, and
HDACT1 genes.

Statistical analysis

Quantitative and categorical variables were described as
mean £ SD (and Median(Q1, Q3)) and number (%), respectively.
After assessing the normality distribution of continuous
variables by Shapiro-Wilk test, the Student’s t or Mann-Whitney
U tests were used for comparison means between groups. To
assess the association between categorical variables, the Chi-
square and Fisher exact tests were used. Also, Spearman's
correlation test was used to determine the association
between continuous variables. To adjust confounder factors,
the multiple regression model was used. The P-Values <0.05
were considered statistically significant. All analyses were
performed by R software version 4.2.3 and SPSS version 27.

Results
Patients and controls

Forty eight RA patients (44 females and 4 males, age: 47
+ 13.05 years) and 50 healthy controls (45 females and 5
males, age: 42.53 + 7.07 years) were examined in this study.
Characteristics of study subjects, including age, sex, ethnicity,
and erythrocyte sedimentation rate (ESR), are presented in
(Table 1). As expected, the difference in ESR level between the
two groups is strongly significant (P-value <0.001).

Table 1. Characteristics of RA patients and healthy controls.
Characteristics RA patients (n=48) Healthy control (n=50) P-value
Age (Year) 47.00 £ 13.05 42.53+7.07 0.040*
Sex Male 4 (8%) 5 (10%) 0.999
Female 44 (92%) 45 (90%)
Ethnicity Persian 15 (31%) 26 (52%) 0.038"
Turk 23 (48%) 12 (24%)
Other 10 (21%) 12 (24%)
ESR 2536 +24.15 529+538 <0.001*
ESR: Erythrocyte Sedimentation Rate; RA: Rheumatoid Arthritis; Data indicated as Mean + SD and n(%) for countitive and categorical
variables, respectively; "Calculated based on Fisher exact test; “Calculated baed on Chi-square test; *Calculated baed on Independent t-test;
** Calculated based on Mann-whitney test. Median (Q1,Q3) of ESR are 18.00 (8.00, 33.00) and 3.00 (1.00, 8.00) in RA patients and Controls,
respectively.
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HDAC gene expression in PBMCs from RA patients

The expression level of HDACT in RA group (Mean + SD =62.41
+ 37.51) in comparison to healthy controls (Mean + SD =32.58
+ 24.59) was significantly higher (P-value <0.001; (Figure 1)).
Also, a statistically significant difference was found for HDAC2
gene expression between RA (Mean + SD =15.46 + 5.80) and
control (Mean = SD =10.51 + 6.25, P-value =0.002; (Figure 2))
groups. We observed an elevation in the expression level of
HDACT11 gene (HDACT1 gene of RA and control groups was

3.42 + 361, 0.44 + 0.30 respectively and P-value <0.001;
(Figure 3)).

Our results (Figures 1-3) show that the expression of HDACT,
HDAC2, and HDACT1 genes are significantly up-regulated in
PBMCs from RA group in comparison to healthy individuals
(Fold chenges was 1.91, 1.47, and 7.77 respectively). Also, by
adjusting the effects of age, ESR, and ethnicity, the difference
in HDAC gene expression between the diseased and healthy
groups was significant.
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Figure 1. Comparison of HDACT gene expression between RA patients and healthy controls in peripheral blood mononuclear cells; Data
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Figure 2. Comparison of HDAC2 gene expression between RA patients and healthy controls in peripheral blood mononuclear cells; Data
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Figure 3. Comparison of HDACT1 gene expression between RA patients and healthy controls in peripheral blood mononuclear cells; Data

RA patient

Expression correlation between HDAC genes

Next, we analyzed the correlation between the expression
levels of HDAC genes in patients' PBMCs by the Spearman's
test. Figures 4-6 show Spearman's correlation of the
expression levels of HDACT and HDAC2 and HDACT1genes
in RA group’s PBMCs respectively. HDACT expression was
positively correlated with HDAC2 and HDACT1 expression
levels (Spearman's correlation coefficient was 0.66 and 0.53
respectively, P-values<0.001). Also, HDAC2 and HDACT1
expressions have a significant positive correlation (Spearman's
correlation coefficient was 0.75, P-values<0.001; (Figure 5)).

Discussion

In this study, we evaluated the mRNA levels of HDAC1, HDAC2,
and HDACT11 in mononuclear cells isolated from RA cases and
healthy controls. Based on our results, the gene expression of
all 3 HDAC chromatin-modifying enzymes that can regulate
the expression of inflammatory cytokines, was significantly
higher in RA patients compared with healthy controls. In
addition, correlation coefficients between expressions of these
three genes are above 0.5 and represent a large expression
relationship between them.
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Figure 4. Correlation between HDACT and HDAC2 genes among patients (Spearman's correlation coefficient = 0.66, P < 0.001).
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Figure 5. Correlation between HDAC2 and HDAC11 genes among patients (Spearman's correlation coefficient = 0.75, P < 0.001).
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Figure 6. Correlation between HDAC11 and HDACT genes among patients (Spearman's correlation coefficient = 0.53, P < 0.001).
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Research on the expression of histone deacetylases,
particularly HDAC1, has largely focused on various types of
cancers. Several reports have demonstrated elevated HDAC1
expression in breast, colon, gastric, and prostate cancers
[19-21], implying a potential link between aberrant HDAC
expression and tumorigenesis.

Studies on the expression of histone deacetylase genes in
RA have been mostly performed on SFs from patients. In line
with our results, the majority of them reported an elevated
level and activity of HDAC enzyme in patients. Researchers
found that HDACT expression and activity were significantly

increased in SFs from RA patients compared to healthy and OA
subjects. They also discovered a positive correlation between
TNFa levels and HDAC1 expression in RA synovial tissue.
HDAC2 mRNA levels did not show a significant difference
in the study [14]. Another study on the expression and role
of histone deacetylases1-11 in SFs from 8 RA and 10 OA
patients indicates a significant HDAC1 expression and activity
enhancement in RASFs compared to osteoarthritis synovial
fibroblasts (OASFs). Transcript levels of other HDACs were
not significantly different between patients and controls.
Increased HDACs expression in RASFs may contribute to the
progression of their inflammatory and tumor-like features.
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Therefore, it is shown that HDAC1 knocking down with siRNAs
is associated with a decrease in cell proliferation and an
increase in apoptosis of RASFs [13].

On the other hand, a study reported different results of
histone deacetylase protein expression in RASFs compared to
OASFs. The results of this report on 7 RA patients and 6 OA
persons showed that the level of HDAC1 and 2 is decreased in
SFs of RA patients compared to OA. This difference may be due
to differences in patient condition and demographic features.
For instance, three patients in the Huber study received a
TNF-a blocker which may change the activity and expression
of HDAC enzymes [15].

One of the few studies that were done on HDACs gene
expression in PBMCs of individuals with rheumatoid arthritis,
was on three DMARD (disease-modifying antirheumatic
drugs) treatment-naive RA individuals and three healthy
controls. Their results show a notable decrease in HDACT
gene expression and a considerable increase in HDACTT
gene expression in RA patients. Data on the HDAC2 gene
expression were not significant in that study [22]. One study
on 48 DMARD-naive RA patients compared to matched
healthy control showed downregulation in the expression
and enzyme activity of class | HDAC in PBMCs of patients [23].
Some investigators examined HAT and HDAC activities in the
PBMCs of a small group of patients diagnosed with RA (N = 8)
and observed an increase in HDAC activity but no significant
changes in HAT levels compared to healthy controls [24].
Another study reported altered HAT and HDAC activities in
ankylosing spondylitis, with no major changes observed in
RA [25]. However, in our study, a significant increase in the
expression of HDAC 1, 2, and 11 was observed in patients'
PBMCs. The conflicting interpretations from these studies may
be attributed to factors such as sample size, matched control
group in terms of age and sex, disease activity, and treatment
regimens. In our investigation, we assessed the HDAC genes
expression in PBMCs from a relatively larger group of RA
patients (n = 48), and our findings led to different conclusions.

In the current study, the correlation analysis was conducted
between expression levels of HDACI, 2, and 11 in PBMCs
of participants, and a remarkable positive correlation was
observed between the expression of these three genes.
In line with previous reports, our study indicates that
alteration in HDACs expression and function is involved in
RA pathogenesis. Previously, inhibition of HDAC activity has
been shown to reduce inflammatory cytokine production in
fibroblast-like synoviocytes (FLS) and PBMC. [26]. knockdown
of HDAC1 increases TNF-a and IL-13 production by RASFs.
Inflammatory cytokines stimulate RASFs to produce matrix
metalloproteinases (MMPs), well-known degradation agents
of the main components of the extracellular matrix of articular
cartilage.

Besides, one of the most important features of RA-SF is a

defect in apoptosis, which leads to the great hyperplasia of
the RA synovium. It is shown that knocking down HDAC1,
and 2 by siRNA can decrease cell proliferation and hyperplasia
and increase apoptosis in RA-SF. On the other hand, in line
with this phenomenon, p53, an apoptosis inducer, can be
acetylated and deacetylated by p300 and HDACs, respectively
[13]. When lysine acetylation of p53 is reduced, the lysine
residue is ubiquitinated by the Mdm2 enzyme, leading to the
degradation of p53 [27]. The expression level of HDAC genes in
patients can be influenced by various clinical factors, including
disease activity, treatment regimens, and comorbidities.
However, in the current study, it was not possible to analyze
and adjust for the effect of these factors. This limitation should
be taken into consideration.

Conclusion

In the current study, we have compared the expression of 3
epigenetics modifier genes HDACT, 2, and 11 in RA patients
and healthy individuals. These findings support the hypothesis
that HDACs have been involved in RA pathogenesis by
targeting histones and non-histone proteins like p53 and
consequently regulating the expression of inflammatory and
apoptotic genes in RA patients. Therefore, the use of HDAC
inhibitors can be considered a therapeutic solution.
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