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Abstract
Autoimmune diseases hold significant importance in the realm of medical research, prompting a thorough exploration of 
potential therapeutic interventions. One crucial aspect of this exploration involves understanding the intricate processes of 
histone acetylation and deacetylation. Histone acetylation, facilitated by histone acetyl transferases (HATs), is instrumental 
in rendering DNA transcriptionally active. Conversely, histone deacetylases (HDACs) are responsible for the removal of 
acetyl groups, influencing gene expression regulation. The upregulation of HDACs, observed in various cancers, has steered 
attention towards histone deacetylase inhibitors (HDACi) as promising anti-cancer agents. Beyond cancer, HDACi has 
demonstrated anti-inflammatory properties, prompting interest in their potential therapeutic applications for inflammatory 
diseases such as rheumatoid arthritis (RA). RA, characterized by the immune system erroneously attacking healthy cells, 
leads to joint inflammation. Recent studies suggest that HDACi could offer a viable therapeutic strategy for RA, with potential 
mechanisms including the inhibition of synovial tissue growth and suppression of pro-inflammatory cytokines. Furthermore, 
HDACi may exert protective effects on bone and cartilage, common targets in RA pathology. In-depth investigations through 
in vivo and histopathology studies contribute to the ongoing discourse on the therapeutic benefits of HDACis in the context 
of RA treatment.
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Abbreviations
CAM	� Cell adhesion molecule
CCL7	� Chemokine ligand 7
CCR6	� Chemokine receptor 6
CIA	� Collagen-induced arthritis
FLS	� Fibroblast-like synoviocytes
HAT	� Histone acetyltransferase
HDAC	� Histone deacetylase
HDACi	� Histone deacetylase inhibitor
HIF	� Hypoxia-inducible factor
ICAM	� Intercellular adhesion molecule
IFN	� Interferon
IL	� Interleukin
ILD	� Interstitial lung disease
LPS	� Lipopolysaccharide
MMP	� Matrix metalloproteinase
mRNA	� Messenger RNA
NF-κB	� Nuclear factor kappa B

NIC	� Nicotinamide
OA	� Osteoarthritis
PBMC	� Peripheral blood mononuclear cells
RA	� Rheumatoid arthritis
RA-ILD	� Rheumatoid arthritis-associated interstitial lung 

disease
RASF	� Rheumatoid arthritis synovial fibroblasts
SAHA	� Suberoylanilide hydroxamic acid
TNF	� Tumor-necrosis factor
TSA	� Trichostatin A
VCAM	� Vascular cell adhesion molecule
VEGF	� Vascular endothelial growth factor
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Introduction

Rheumatoid arthritis (RA) falls under the classification 
of autoimmune diseases, marked by inflammation that 
predominantly targets joints, and the presence of syno-
vial swelling. Prior research has indicated a significant 
association between sex hormones and the pathogenesis of 
RA, with women exhibiting a higher susceptibility to the 
disease than men, ranging from 2 to 3 times more likely 
(Gerosa et al. 2008). This condition is characterized by 
systemic participation, affecting various organs, which 
may encompass, among others, the lungs, kidneys, and 
joints (Wu et al. 2022). An illustrative instance is the pres-
ence of RA associated Interstitial Lung Disease (RA-ILD) 
(Yuan et al. 2020). RA is classified as an autoimmune 
condition, wherein the body's cells are targeted, and an 
immune reaction is triggered against the molecules within 
one's body (Smith et al., 1999). The aetiology of RA ini-
tiates within the synovial membrane, encompassing the 
afflicted joints and then illness advances from synovia 
to cartilage (Burrage et al. 2006). Recruiting activated 
effector cells involved in the immune response, such as, 
B-lymphocytes, and T-lymphocytes to the joints impacted 
by RA has an essential role in mediating its pathogenesis 
(Thalhamer et al. 2008). These activated immune cells 
are known to infiltrate the synovial membrane and induce 
alterations in the sub-lining of the synovium (Lee and 
Weinblatt 2001; Mulherin et al. 1996). Various cytokines 
are released by these cells, including interleukin (IL) IL-1, 
IL-2, IL-4, IL-6, IL-8, IL-10, IL-17, IL-18, tumor necrosis 
factor-alpha (TNF-α) and RANK ligands which activate 
synovial fibroblasts, which in turn release more inflam-
matory cytokines and enzymes responsible for cartilage 
degradation (Grabiec et al., 2011). These cytokines trigger 
the initiation of diverse mechanisms that play a part in 
the development of RA, including essential pathogenesis 
events such as the increase in the cell population of RA 
synovial fibroblasts (RASFs), the generation of enzymes 
that breakdown bone and cartilage, colony-forming factors 
including granulocyte macrophage colony-stimulating fac-
tor (GM-CSF), and production of cytokines such as IL-8 
(Sweeney and Firestein 2004) (Fig. 1).

In addition to cytokines, several other factors, such as 
pro-angiogenic factors, CAMs (Cell Adhesion Molecule) 
and MMPs (Matrix Metalloproteinase) have vital contri-
butions to the progression of diseases (Lee and Weinblatt 
2001). MMPs are enzymes that have a vital role in cell 
migration, angiogenesis and bone degradation with respect 
to RA. The synovial cells and macrophages are respon-
sible for producing pro-angiogenic substances essential 
for providing nutrition to the circulating leukocytes, 
which contribute to the development and maintenance of 

hypertrophic joints (Elshabrawy et al. 2015). The NF-κB 
pathway, which is also affected by HDAC activity, is also 
a pivotal participant in the process of inflammation. It 
regulates the transcription of genes that have a signifi-
cant impact on the development of RA such as MMPs, 
and inflammatory cytokines (Burrage et al. 2006; Hawtree 
et al. 2013). Epigenetic factors have a fundamental role in 
governing gene expression (Costenbader et al. 2012). One 
example of an epigenetic alteration is acetylation, which is 
facilitated by a cluster of enzymes known as HDACs and 
HATs (Ruijter et al. 2003). HDACis have shown to reduce 
expression of inflammatory genes by mechanisms such as 
inhibition of mRNA stabilities like that of IL-6 (Grabiec 
et al. 2011).

Studies conducted over the past 2 decades have yielded 
favorable outcomes regarding the effect of HDACi thera-
pies on the progress of RA (Klein & Gay 2013; Kong et al. 
2013). Inhibition of HDAC activity has shown to suppress 
inflammatory cytokine production in RA (Angiolilli et al. 
2014).

Furthermore, HDAC inhibitors have been investigated for 
their potential as therapeutic agents in clinical trials for RA 
patients, although more research is needed to fully elucidate 
their efficacy and safety profiles in this context. In terms of 
diagnosis, while there are no specific HDAC-based diagnos-
tic tests for RA, advancements in biomarker research, such 
as the identification of epigenetic modifications associated 
with RA, hold promise for improving early detection and 
personalized treatment strategies for individuals with this 
debilitating condition. Diagnosing and treating RA presents 
a complex set of challenges for healthcare professionals. The 
diagnosis process can be facilitated by using magnetic reso-
nance imaging (MRI) and biopsy analysis. In addition to 
this, radiographic evidence can be obtained, which often 
helps diagnosis before actual physical dysfunction sets in 
(Lee & Weinblatt 2001). Diagnosis often involves a com-
bination of clinical evaluation, laboratory tests, and imag-
ing studies to assess joint inflammation, swelling, and the 
presence of specific antibodies like rheumatoid factor and 
anti-cyclic citrullinated peptide (Fig. 2).

Early and accurate diagnosis is crucial to initiate timely 
intervention and prevent irreversible joint damage. Treat-
ment strategies for RA typically encompass a multidisci-
plinary approach, including pharmacological interventions, 
physical therapy, and lifestyle modifications. DMARDs, 
such as methotrexate, are commonly prescribed to suppress 
inflammation and slow down joint damage (O’dell et al., 
2013). Biologic agents and targeted synthetic DMARDs 
provide additional options for those who do not respond ade-
quately to traditional therapies. Despite significant advance-
ments in RA management, challenges persist. Achieving 
optimal disease control and managing symptoms can be 
elusive, requiring ongoing adjustments to treatment plans. 
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Moreover, the potential for adverse effects associated with 
long-term medication use and the varying response among 
individuals contribute to the complexity of RA management. 
Additionally, access to specialized care, the high cost of 
some medications, and the impact of RA on daily function-
ing pose additional hurdles. Research continues to address 
these challenges, striving to enhance diagnostic precision, 
optimize treatment protocols, and improve the overall qual-
ity of life for individuals living with rheumatoid arthritis.

This review specifically addresses the involvement of 
HDACs in RA and elucidates the epigenetic mechanisms 
that could contribute to the pathogenesis of the disease. 
Research indicates that disturbances in HDAC activity may 
impact the abnormal gene expression observed in rheuma-
toid arthritis. A deeper understanding of the intricate inter-
play between HDACs and RA has the potential to reveal 
therapeutic targets and innovative treatment approaches for 
this intricate autoimmune condition. The review incorpo-
rates a segment discussing the correlation between HDAC 

and RA. Additionally, it highlights the impact of HDACis 
on RA. The comprehensive review of existing literature on 
the association between RA and HDACs offers valuable 
insights into the molecular mechanisms at the core of RA, 
paving the way for the exploration and development of tar-
geted therapies.

Role of HDAC in RA pathogenesis

RA has an immensely coordinated pathophysiology, which 
involves various processes like synovial hyperplasia, pan-
nus formation, bone erosion, synovial cell infiltration in 
joints, and cartilage destruction. However, new studies have 
indicated that epigenetics have a vital role in the immune 
response observed in RA (Vijaykrishnaraj et  al. 2023). 
Alterations in the expression and functioning of DNA and 
histone-modifying regulatory proteins are instrumental in 
the pathology of RA. Compelling preclinical reports from 

Fig. 1   Pathogenesis of rheumatoid arthritis
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recent times have demonstrated that targeting these pro-
teins, especially the ones associated with acetylation, such 
as HDACs, may give rise to new therapeutic avenues in RA 
(Grabiec and Reedquist 2013).

Compared to patients with OA and healthy controls, it 
was seen that the synovial tissue of RA patients had signifi-
cantly lower levels of overall HDAC activity. Additionally, 
it was noted that there was no different activity with respect 
to HAT. Histone activity shifted towards hyperacetylation 
in RA patients, as determined by calculating the ratio of 
HDAC to HAT. This suggested a significant association 
between decreased HDAC activity and chronic inflammatory 

processes. The observation that the synovium of healthy 
individuals possessed higher levels of HDAC activity served 
as more evidence for this hypothesis. It was determined that 
an essential factor in the pathophysiology of RA was, the 
observed decrease in class I HDAC activity, most likely due 
to the activation of proinflammatory transcription factors 
(Huber et al. 2007). HDAC1 is overexpressed in rheuma-
toid arthritis synovial fibroblast (RA-SF). HDAC1 inhibits 
MMP-1 synthesis but promotes RA-SF cell survival and pro-
liferation. RA-SF is characterized by HDAC1 overexpres-
sion. HDAC1 has two distinct roles in RA-SF it contributes 
to cell proliferation, while suppressing MMP-1 production. 

Fig. 2   General symptoms, diagnosis, and management measures of RA
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Additionally, HDAC2 is crucial for RA-SF proliferation and 
apoptosis. Inhibiting HDAC2 may be a sensible tactic to 
decrease RA-SF proliferation without altering MMP pro-
duction, as HDAC1 and HDAC2 have comparable effects 
on RA-SF proliferation (Horiuchi et al. 2009).

Nuclear HDAC activity was associated with the level 
of cytoplasmic TNF-α and was considerably higher in RA 
compared to OA and normal controls. In comparison to OA 
and normal controls, RA synovial tissue had greater levels 
of HDAC1 mRNA expression, which correlated positively 
with TNFα mRNA expression. Nuclear HDAC1 protein lev-
els were found to be raised in RA, when contrasted with the 
synovial tissue of OA. TNF-α stimulation markedly elevated 
the nuclear HDAC activity and HDAC1 mRNA expression 
at 24 h and HDAC1 protein expression at 48 h in RASFs 
(Kawabata et al. 2010). It was observed that the levels of 
HAT and HDAC activity in RA and healthy controls were 
comparable. While Sirt drastically decreased HAT in RA, 
ex vivo treatment of peripheral blood mononuclear cells 
(PBMC) by HDACi tended to lower HDAC expression in 
healthy controls. HDACi could influence the expression of 
HDAC and HAT PBMC, particularly Sirt in RA. The imbal-
anced pattern of HAT and HDAC activity could potentially 
explain why HDACi could be used as a therapy for inflam-
matory rheumatic conditions (Toussirot et al. 2013). A por-
tion of type I interferon response genes are transcriptionally 
transcribed and IRF1's nuclear localization is promoted by 
the suppression of RA FLS HDAC5 expression by inflam-
matory cytokines. The results of the study reveal HDAC5 
as a novel inflammatory mediator in RA and indicate that 
methods for restoring HDAC5 expression in vivo or the crea-
tion of HDAC inhibitors that do not interfere with HDAC5 
function, may prove beneficial in the treatment of RA (Angi-
olilli et al. 2014). HDAC1 expression in RA SFs was much 
higher than in osteo arthritis synovial fibroblasts. In vitro, 
HDAC1KD led to diminished proliferation, invasion, and 
migration and transcriptome profiling further demonstrated 
effects on the expression of genes mediating inflammation, 
invasion, and proliferation. Moreover, HDAC1 inhibition in 
collagen induced arthritis (CIA) produced decreased TNF in 
joint tissue, decreased bone and cartilage degradation, and 
lesser joint swelling. These findings support the potential 
therapeutic efficacy of HDAC1 inhibitors by identifying it as 
an important mediator of tissue destruction in RA (Hawtree 
et al. 2015). It was observed that altered STAT expression 
and function are a requirement for the anti-inflammatory 
actions of HDAC3 depletion in macrophages. The effects 
of pan-HDACi in inhibiting inflammatory gene expression, 
including type I IFN production in RA FLS, were largely 
reconstructed by inhibiting HDAC3 in RA FLS. Evidence 
suggesting HDAC3 may serve as a vital epigenetic regula-
tor of inflammation were presented by this study (Angiolilli 
et al. 2017).

In contrast to healthy controls, PBMCs from RA patients 
had a reduced amount of class I HDAC expression in terms 
of both mRNA and protein. There was a significant increase 
in nuclear HAT activity. Furthermore, it was discovered that 
among all the HDACs lowered overall, HDAC3 activity was 
the most dramatically reduced within the RA group. When 
compared to healthy controls, PBMCs from RA patients 
had higher levels of total histone H3 acetylation, but not H4 
acetylation. Class I HDAC expression and activity are down-
regulated in RA PBMCs, while HAT activity is upregulated. 
In RA PBMCs, there was an imbalance in the degree of 
HDAC and HAT activity (Li et al. 2018). CIA is unable 
to affect mice with a T cell-specific deletion of HDAC1 
(HDAC1-cKO). On the contrary, the antibody response to 
collagen type II remains unaltered, implying that T cell-
mediated B cell activation remains unaltered. The serum 
of HDAC1-cKO mice showed a substantial decrease in the 
inflammatory cytokines IL-6 and IL-17. HDAC1-deficient 
CD4 + T cells treated with IL-6 demonstrated a reduced 
expression of CCR6. These findings point to a critical role 
for HDAC1 in the pathophysiology of CIA and raise the 
prospect that selective HDAC inhibitors (HDACi) could be 
effective in targeting HDAC and other class I HDACs, to 
treat RA (Göschl et al., 2019). In individuals with RA and 
mice models, HDAC3 and IL17RA were over-expressed, 
whereas miR-19a-3p was under-expressed. The target gene 
of miR-19a-3p is IL17RA, and miR-19a-3p may decrease 
RA-ILD by negatively regulating IL17RA. In conclusion, 
HDAC3 increased the expression of IL17RA mediated by 
miR-19a-3p, which in turn promoted the development of 
RA-ILD fibrosis (Fig. 3) (Yuan et al. 2020).

HDACi as therapeutic agents in RA

HDAC inhibitors fall under synthetic molecules, chemical 
derivatives or even naturally occurring compounds which 
can be used as potential therapeutic agents. These chemicals 
inhibit HDACs and thereby influence RA pathogenesis, as 
discussed in this review (Vijayakrishnaraj et al., 2023).

HDACis affect cell differentiation and proliferation (Lee 
et al. 2020). Some inhibitors known to tone down the symp-
toms of inflammatory conditions, such as paw swelling, 
clinical arthritis score, bone erosion, and cartilage destruc-
tion are Trichostatin A (TSA), Suberoylanilide hydroxamic 
acid (SAHA) (Vijaykrishnaraj et al. 2023; Lee et al. 2020).

MS‑275

MS-275, a HDACi alternatively referred to as Entinostat and 
SNDX-275, is currently undergoing clinical trials aimed at 
suppressing lymphoma, solid tumors, and leukemia through 
HDAC-mediated therapies (Lee et  al. 2020). The 2007 
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study by Lin and colleagues found that the administration 
of MS-275 demonstrated a considerable reduction in paw 
swelling and induced a decrease in bone degeneration, at 
lower dosages. RA-associated bone loss and resorption were 
notably reduced (Lin et al. 2007). The efficiency and effec-
tiveness of MS-275 as an inhibitor in CIA models has been 
demonstrated by Hawtree and colleagues in 2015, as indi-
cated by its preferential targeting of class 1 HDACs, with a 
specific emphasis on HDAC1. The suppression of HDAC1 
led to a marked reduction in the production of TNF in the 
joints affected by inflammation in rat models of CIA. There 
was a reduced extent of bone and cartilage degradation at the 
histology level (Hawtree et al. 2015). CCR6 is an important 
chemokine receptor for the development of CIA. The class 
1 HDAC inhibitor, MS-275, was shown to reduce CCR6 
(chemokine receptor 6) expression levels in CD4 + T cells 
(Göschl et al. 2020).

Trichostatin A (TSA)

Trichostatin A (TSA) falls within the isohydroxamic acid 
classification, and it has been observed to exhibit properties 

such as neuroprotection and anti-inflammation (Cui et al. 
2019; Lv et al. 2021). An early study displaying the thera-
peutic effects of TSA is one by Chung and colleagues. The 
2003 study focused on the effect of Phenylbutyrate (PBA) 
and TSA on RA development, and they were observed to 
suppress TNF-α expression in affected tissues in the syn-
ovium while simultaneously promoting p21Cip1 and p16INK4 
expression in cells of the synovial tissue during adjuvant 
arthritis, thus decreasing joint swelling and bone and car-
tilage degradation, among other symptoms being alleviated 
(Chung et al. 2003). Morinobu and colleagues in 2006 saw 
that TSA decreased the growth of RA-SF cells depend-
ing on the dosage administered. Additionally, it increased 
the expression of p21WAF1/CIP1, a known cell cycle inhibi-
tor (Morinobu et al. 2006). Additionally, along with TSA, 
combination with Ultrasound (US) therapy, as studied by 
Nakamura and colleagues in 2008, led to a notable reduction 
in the cell population in the S phase of the cell cycle while 
upregulating the cell population in the G2-M phase of the 
cell cycle. Combined therapy yielded significant reductions 
in cellular viability and notably induced apoptosis in RASFs 
with high efficiency (Nakamura et al. 2008).

Fig. 3   HDAC-associated RA 
immune cells
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A more in-depth study outlining the mechanisms fol-
lowed by TSA was done by Zhang and colleagues in 2016. 
After exposing RA-FLSs to a 24-h treatment with TSA, it 
was evident that their invasive capacity was significantly 
hindered, particularly under hypoxic conditions. Treatment 
with TSA effectively inhibited the upregulation of MMP-2 
and MMP-9 in hypoxic conditions. With respect to the cell 
cycle, the link between the PI3K/Akt signaling pathway 
and cancer cell proliferation and invasive characteristics is 
well established. In the context of hypoxic RA-FLSs, TSA 
demonstrated its ability to suppress the PI3K/Akt signaling 
pathway. These results and therapeutic mechanisms reveal 
insights into the potential therapeutic applications of TSA 
in relation to RA (Zhang and Zhang 2016). Grabiec et al. 
2010 studied that both TSA and Nicotinamide (NIC) have 
been observed to selectively target and decrease the expres-
sion and upregulation of Bfl-1, an antiapoptotic member of 
the Bcl-2 family, in macrophages and RASFs. As a result, 
these compounds induce apoptosis in these specific cell 
types. Both reduced LPS-induced TNF-a, and IL-6, in mac-
rophages 2(Grabiec et al. 2010). Mizutani et al. 2010 showed 
that while both TSA and FK228 trigger apoptosis, only 
FK228 was observed to exert its effects through hydrogen 
peroxide (H2O2)-mediated pathways (Mizutani et al. 2010).

Givinostat

ITF2357, also known as Givinostat, is an HDACi which 
at low concentrations, displays anti-inflammatory proper-
ties (Furlan et al. 2011) and downregulates gene expression 
where related to the JAK/STAT (Janus kinase/signal trans-
ducers and activators of transcription) signalling pathway 
(Savino et al. 2017). In a study conducted by Vojinovic 
et al., in 2011, Givinostat demonstrated a strong acceptance 
as well as a good safety record, with only a limited number 
of adverse events reported. A notable primary observation 
was reducing the prevalence of joints affected by active RA 
or experiencing a limited range of motion (Vojinovic and 
Damjanov 2011). Grabiec et al. in 2011 studied that both 
TSA and ITF2357 demonstrated the ability to inhibit the 
generation of IL6 produced by IL-1β, with RASF viability 
remaining unaffected. TSA specifically induced the suppres-
sion of IL-6 mRNA accumulation (Grabiec et al. 2011). In 
PBMCs obtained from both RA patients and healthy individ-
uals, as supported by Gillespie and colleagues through their 
2012 study, the production of key inflammatory cytokines, 
such as IFNγ, TNF, and IL-6, was notably suppressed by 
TSA and MI192 (HDAC3 selective inhibitor) individually 
(Gillespie et al. 2012). The administration of ITF2357 has 
been demonstrated to decrease the stability of mRNA tran-
scripts encoding IL6, IL8, CXCL2, and PTGS2 in the study 
conducted by Angiolilli and colleagues in 2018 (Angiolilli 
et al. 2018).

Tubastatin A

Tubastatin A is a selective inhibitor of HDAC6 (Shen et al. 
2020). The administration of Tubastatin A had a dose-
dependent effect in blocking the synthesis of pro-inflam-
matory cytokines, including TNF-α and IL-6, in THP-1 
cells that were subjected to LPS and activated. Tubastatin 
A reduces pro-inflammatory chemokine secretion, such as 
Nitric Oxide (Vishwakarma et al. 2013). Oh et al. 2017 con-
ducted a comparative analysis to assess the effects of CKD-
L, which is a new HDAC6 inhibitor, compared to ITF2357 
or Tubastatin A on the progression of RA. Notably, the 
administration of CKD-L and Tubastatin A led to a marked 
minimization when it came to the severity of RA in murine 
models. Notably, the impact of CKD-L and Tubastatin A 
on cell viability was found to be insignificant. In contrast, 
ITF-2357 decreased viability at concentrations exceeding 
1 μM. Additionally, the TNF mRNA levels were dramati-
cally reduced due to CKD-L treatment. TNF secretion was 
reduced by the administration of Tubastatin A and ITF2357, 
but the secretion of IL-1β or IL-10 remained unaltered (Oh 
et al. 2017).

FK228

FK228, otherwise known as depsipeptide, is an HDACi 
showing prominent antitumor effects by inducing gene 
expression resulting in cell growth inhibition, apoptosis, 
induction of cell differentiation and angiogenesis inhibition 
(Konstantinopoulos et al. 2006; Mizutani et al. 2010). Few 
studies discussed in this review note the effects of FK228 
on RA progression. In a 2004 study, Nishida and colleagues 
showed a dose-dependent suppression of RASF growth 
in vitro by FK228. This target is met by stimulating the 
production of p16INK4a and the upregulation of p21WAF1/Cip1 
synthesis in RASFs, ultimately ceasing the phase progres-
sion of the cell cycle (Nishida et al. 2004). FK228 shows 
inhibition in cell count increase, as seen in synovial sarcoma 
cells, in the study done by Ito and colleagues in 2005 (Ito 
et al. 2005). FK228 may offer therapeutic benefits for RA 
by inducing suppression of the synthesis of mRNA and pro-
tein expression of VEGF and HIF-1α (Hypoxia-Inducible 
Factor-1α), both of which possess pivotal roles in the angio-
genesis process (Manabe et al. 2008).

SAHA and MS‑275

Lin et al. (2007) discovered that SAHA reduced inflamma-
tion associated paw swelling, diminished bone degrada-
tion in rats and mice and reduced effects of RA-induced 
bone resorption in rats (Lin et al. 2007). Choo et al. in 2010 
studied MS275 and SAHA and found that the growth of 
human RA synovial fibroblastic E11 cells was observed to 
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be significantly reduced by them in a non-cytotoxic man-
ner. Reduced proliferation was associated with induction of 
the inhibitor of the cyclin-dependent kinase, p21, resulting 
cell cycle inhibition in the G0/G1 phase. Furthermore, the 
MS-275 and SAHA compounds decreased the production 
of pro-angiogenic factors, which include VEGF (Vascular 
endothelial growth factor), MMP-2, and MMP-9 in E11 cells 
at lower concentrations. The nuclear accumulation of NF-κB 
and p65, as well as the generation of IL-1b, IL-6, IL-18 and 
TNF-a, produced by LPS (Lipopolysaccharide) in THP-1 
monocytic cells, were comparably reduced (Choo et al. 
2010). Choo and colleagues 2013 showed that MS-275 and 
SAHA exerted their suppressive effects on the p38 MAPK 
signalling pathway, which plays a key role in chronic inflam-
mation (Choo et al. 2013). As compared to SAHA, MS-275 
exhibits greater efficacy in mitigating bone degradation and 
inflammation in CIA among rodents, in comparison to the 
pan-HDACi SAHA (Angiolilli et al. 2014). The HDACi 
BML-281, shows potential for HDAC6 inhibitors to be used 
as clinical treatments and for the prevention of conditions 
such as colonic inflammation in humans, through the prom-
ising results shown in studies (Choi et al. 2023). Lohman and 
colleagues in 2015 studied the anti-inflammatory effects of 
SAHA and BML281. The compounds had favourable effects 
in lowering the populations of pathogenic macrophages/
osteoclasts and slowing disease development only at the 
low dose. At concentrations below 3 µM, these substances 
had anti-inflammatory properties on human macrophages. 
However, they exhibited pro-inflammatory actions at con-
centrations over 3 µM, which were still non-cytotoxic. Both 
compounds exhibited the ability to suppress the production 
of the cytokines IL12p40 and IL6, with efficacious doses 
observed up to 30 µM. Interestingly, it was observed that the 
production of TNF-α and IL1 was dramatically upregulated 
in a dose-dependent course when the concentrations were 
above 1–3 µM (Lohman et al. 2016).

Other HDAC inhibitors

Emodin, a compound extracted from the root of Rheum 
palmatum L., showed potential as an anti-proliferative 
agent on synoviocytes from individuals with RA. A study 
done by Ha and colleagues showed that under a hypoxic 
environment, the presence of emodin significantly reduces 
the proliferation of RA synoviocytes stimulated by factors 
such as LPS and IL-1 beta (IL-1b). Administering emo-
din notably decreased the synthesis of pro-inflammatory 
cytokines, including TNF-α, IL-6, and IL-8. Addition-
ally, emodin exhibited inhibitory effects on the synthesis 
of mediators such as prostaglandin E2 (PGE2), MMP-1, 
and MMP-13. Furthermore, emodin consistently reduced 
the levels of the commonly seen and studied biomarker 
for angiogenesis, which is the VEGF (Ha et al. 2011). 

Largazole (LAR) is a marine-derived class I  HDACi. 
A study by Ahmed et al., in 2013 shows that LAR dose 
dependently increases the production of TNF-α + LAR-
induced CAMs while simultaneously suppressing MMP-2 
activity. Notably, adding Tubastatin A, a selective inhibi-
tor of HDAC6, to LAR,reduced ICAM-1 and VCAM-1 
expression induced by TNF-α and LAR. Moreover, the 
activity of MMP-2 was entirely blocked by this combina-
tion treatment (Ahmed et al. 2013).

Another HDACi is NK-HDAC1, which shows prom-
ising results and displayed properties such as good bio-
availability and potency (Hou et al. 2012). This implicated 
that NK-HDAC-1 may become a promising therapeutic 
agent for RA treatment. Li et al., in their 2013 study, noted 
the potential of NK-HDAC-1, an HDAC inhibitor, as a 
therapeutic avenue for CIA and pathogenic FLSs obtained 
from individuals affected by RA. Notably, programmed 
cell death or apoptosis was induced in RA FLSs upon NK-
HDAC-1. Additionally, upon cell cycle analysis, it was 
observed that treatment with NK-HDAC-1 resulted in a 
cell cycle halt in the G2/M phase, thereby suppressing the 
proliferation of FLS. These findings offer insights into the 
potential therapeutic benefits of NK-HDAC-1 in the con-
text of RA. NK-HDAC-1 subjection, a modest reduction 
was observed in the MMP-9 expression levels (Li et al. 
2013). Butyrate's therapeutic properties were studied in 
an autoimmune arthritis animal model, showing lower 
arthritis scores and incidence. It inhibited HDAC2 and 
HDAC8 in osteoclasts and T-cells, controlled TH17/Treg 
cell balance and inhibited osteoclastogenesis. However, 
it did not affect inflammatory arthritis in IL-10-knock-
kout mice (Kim et al. 2018). The novel HDAC6 inhibi-
tor CKD-506 dampens inflammatory reactions by mono-
cytes/macrophages, enhances Treg activity, and mitigates 
arthritis severity in a mouse model of RA. Consequently, 
CKD-506 presents a potential novel and efficient thera-
peutic approach for RA (Park et al.., 2020). The combined 
therapy of M-134 and Tofactinib demonstrated potent syn-
ergistic effects, evident through improvements in clinical 
scores and histological alterations, while avoiding adverse 
effects like thymus weight loss and elevated liver enzymes. 
This combination could help therapeutic efficacy in treat-
ing RA suggests a potentially efficient approach for man-
aging the condition (Bae et al. 2021).

HDACi can reduce inflammation and disease in RA 
patients by stopping synovial fibroblast proliferation. It 
inhibits p21 cell cycle inhibition and induces apoptosis in 
RA FLS. Reservatrol and SIRT6 can also reduce pro-inflam-
matory cytokines and chemokines. HDAC2 is elevated in 
RA and CIA rats, leading to joint swelling and increased 
RA. Silencing HDAC2 blocks chemokine ligand 7 (CCL7) 
expression, reducing FLS invasion and inflammatory factors 
(Mao et al. 2023). (Table 1; Fig. 4).
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Conclusion and future prospective

Studies have specifically focused on the impact of Class I 
HDAC inhibition, recognizing their involvement in modulat-
ing key pro-inflammatory cytokines and pathways associated 
with RA pathogenesis. Further investigation into HDAC iso-
forms is required to assess their specific mechanisms in the 
context of RA. The exploration of HDACis as a therapeutic 
avenue for RA represents an exciting frontier in the field 
of autoimmune disease treatment. As research progresses, 
the potential for personalized, targeted therapies holds great 
promise for improving outcomes and quality of life for RA 
patients. The journey from bench to bedside may still be 
in its early stages, but the strides made so far suggest that 
HDACis could be a transformative force in the evolving 
landscape of RA.

Though the promising potential benefits of HDACis 
in treating RA are acknowledged, there are persistent 
challenges. These include determining the most effec-
tive dosages, managing potential side effects, and ensur-
ing long-term safety. Ongoing research efforts focus 
on understanding the precise mechanisms of action. 

Additionally, understanding the specific mechanisms of 
action and identifying the for HDAC inhibitor therapy 
are critical for successful integration into standard RA 
management.
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