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Inflammatory arthritis (IA), including 
Rheumatoid arthritis (RA) and Psoriatic arthritis 
(PsA) are chronic autoimmune diseases 
characterised by neo-angiogenesis, immune 
cell infiltration of the synovium and  
fibroblast-like synoviocyte expansion, leading 
to joint destruction. While the two diseases 
have many common clinical manifestations, 
there are significant pathogenic differences at 
a clinical, anatomical, cellular and molecular 
level, which may explain differential disease 
outcomes and prognoses. Strategies 
examining the specificity of novel therapeutics 
for RA or PsA are in progress; for example, 
while TNF inhibitors are used in both RA and 
PsA patients, anti-IL-17A therapies have a 
greater response in PsA patients, whereas IL-6 
inhibition appears to be more effective in RA.

The pathogenesis of IA is very complex, and 
it is promoted and perpetuated by cytokine 
production from different cells of both the 
innate and adaptive immunity. Cytokines are 
primarily involved in driving pro-inflammatory 
mechanisms maintained in chronic synovitis, 
leading to bone erosion and functional 
disability. The intricate cytokine network 
activates different molecular signalling 
pathways, one of which is the Janus Kinase 
(JAK) family of receptor-associated tyrosine 
kinase. Activation of JAKs induces signal 
transducer and activator of transcriptions 
(STATs), leading to the activation of multiple 
genes that drive joint inflammation. In this 
context a new class of drugs have emerged, 
which specifically block the JAK/STAT pathway, 
thus decreasing the inflammation within the  
IA joint 

Among the different class of JAK inhibitors, 
Tofacitinib (Xeljanz®) belongs to the first 
generation of JAK inhibitors and it shows 

selectivity for JAK1 and JAK3, with functional 
specificity over JAK2. Tofacitinib is a 
reversible, competitive inhibitor that binds 
to the adenosine triphosphate (ATP) binding 
of the kinase domain of JAK, inhibiting the 
phosphorylation and activation of JAK, thereby 
preventing the phosphorylation and activation  
of STATs, and thus the activation of gene 
transcription. This leads to decreased  
cytokine production and modulation of the 
immune response.

Studies to date have demonstrated that 
Tofacitinib inhibits pro-inflammatory cytokine 
secretion, cellular invasion and metabolic 
pathways in RA/PsA explants and fibroblasts. A 
comparison of synovial tissue from RA patients 
at baseline and 4 weeks post-treatment 
with Tofacitinib, showed no difference in 
the cellular composition, but significantly 
decreased expression of destructive enzymes 
matrix metalloproteinases 1 and 3, and of 
downstream target genes of the interferon 
pathway. These patients demonstrated both 
sustained clinical and molecular improvements 
following tofacitinib treatment at 4 months. In 
addition, our group has shown that tofacitinib 
inhibits mitochondrial function and promotes 
a switch in cellular metabolism in primary 
synovial fibroblasts. The effect of this was 
paralleled by a decrease in the migratory and 
invasive capacity of synovial cells, in addition 
to inhibition in the spontaneous secretion of 
pro-inflammatory mediator from PsA explant. 
In addition, Tofacitinib has been shown to 
reduce the T cell stimulatory capacity of human 
monocyte-derived dendritic cells (Mo-DC) in 
healthy subjects; however, its mechanism of 
action is unknown.

Dendritic cells (DC) are a specific population 
of immune cells that have a key role in the 

pathogenesis of inflammatory arthritis. They 
are abundant in the synovium of RA and PsA 
patients when compared to osteoarthritis 
and are associated with disease activity and 
progression. There are different subsets of 
DC, classified by their location and function. A 
specific subset of DCs derived from monocytes 
(Mo-DC), termed “inflammatory Mo-DC” have 
also been identified in autoimmune diseases 
including IA. Although their precise function is 
still unclear, due to limited studies and lack of 
definitive markers, it is widely accepted that 
inflammatory Mo-DC plays a complementary 
role to that of conventional DC, and possibly 
synergise with them in the potentiation of the 
inflammatory response. While conventional 
DCs are critical for self-tolerance and activation 
of specific immune responses, inflammatory 
DCs are implicated in innate defence and T-cell 
activation, however little is know about their 
role in IA.

Therefore to further understand their 
contribution to pathogenic mechanisms in 
IA, we developed in-vitro/ex vivo assays, to 
examine the presence and function of these 
cells in patients with IA. The differentiation of 
monocyte into dendritic cells can be replicated 
in vitro by isolating monocytes from blood, 
that specifically express on their surface CD14 
marker, and stimulating them with a cocktail of 
cytokines (GM-CSF and IL-4) for 7 days, this 
will lead to an immature Mo-DC phenotype, 
responsible for antigen uptake and processing. 
These cells can be further stimulated (with 
LPS), leading to a mature Mo-DC profile, 
responsible for antigen presentation and T-cell 
activation. In our study we observed that 
freshly isolated monocytes from RA patients 
displayed a different morphology to those of 
PsA and healthy subjects (HC), displaying  
dendritic-like protrusions, indicative or a 
more mature phenotype. Their morphological 
features were further enhanced one day after 
Mo-DC differentiation stimuli, with longer 
dendrite formation demonstrated for RA 
compared to PsA and HC. This was paralleled 
by a significant increase in the expression 
of a specific DC cell surface marker CD209, 
in addition to activation markers (CD40 and 
CD86), further supporting the concept of a 
more mature phenotype, and suggesting that 
RA monocytes are primed compared to their 
PsA and HC counterparts. 

The main function of dendritic cells in their 
immature stage is the uptake and processing 
of antigens, which are subsequently presented 
to T cells; placing DC at the interface of innate 
and adaptive immunity, thus highlighting 
their importance in inflammatory diseases. 
Interestingly, we demonstrate that antigen 
uptake was impaired in RA, compared to 
PsA and HC, where antigen uptake remained 
functional. This observation, along with the 
increased rate of differentiation observed for 
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RA monocytes, suggests earlier 
activation of RA Mo-DC, which 
could partially explain the higher 
state of inflammation observed in 
these patients when compared  
to PsA.

Several studies have addressed 
the signalling pathway required for 
the differentiation of monocytes 
into dendritic cells. It has been 
shown that multiple stimuli and 
an intricate signalling network 
are required for the Mo-DC 
differentiation, which includes, 
among others, the JAK-STAT 
pathway. Therefore, we sought 
to investigate whether the JAK/
STAT inhibition by Tofacitinib could 
modulate Mo-DC differentiation. 
We observed, in fact, that JAK 
inhibition by Tofacitinib significantly 
reduced the differentiation of 
monocytes into DC in both RA 
and PsA patients, with cells 
remaining in a monocytic stage, 
with lower CD209 DC marker and 
higher CD14 monocytic marker. 
Tofacitinib reduced Mo-DC 
differentiation, as early as one 
day post-differentiation, an effect 
that led to a reduction in the 
activation state of DC from both 
RA and PsA patients, evident by 
the observed decrease in both 
CD40 and CD86. Interestingly, 
Tofacitinib inhibition of Mo-DC 
differentiation also translated 
into a functional impairment of 
DC function, through inhibition of 
antigen uptake in both HC and 
PsA, and to a lesser extent in RA 
Thus tofacitinib appears to have 
direct involvement the regulation of 
innate immune function.

Reactive oxygen species (ROS), 
have been associated with 
autoimmune diseases, including 

RA and PsA. Although studies are 
controversial, describing both a 
protective and a pathogenic role 
of ROS in rheumatic disease, it 
is widely accepted that a normal 
oxidative burst is necessary 
to maintain the homeostasis 
of the joint. Several studies, 
including ours, have highlighted 
the importance of NADPH 
oxidases (NOX) expression in 
Mo-DC differentiation and antigen 
presentation. In particular, our 
study identified a significant 
induction of NOX5, mirrored by 
a decrease in NOX2 expression 
during Mo-DC differentiation. In 
addition, we also showed that 
JAK/STAT mediated the effect 
of NOX5 on Mo-DC function. 
Therefore we postulated that 
alteration of Mo-DC differentiation 
by Tofacitinib was associated with 
an imbalance in NOX expression 
and ROS production. Indeed, 
we demonstrated that Tofacitinib 
altered the NOX2/NOX5 balance 
during Mo-DC differentiation, 
leading to an increase in NOX2 
expression and a decrease of 
NOX5 expression in both RA and 
PsA patients. This imbalance was 
associated with impaired NOX5-
dependent ROS production in PsA 
Mo-DC treated with Tofacitinib. 
In line with the more active state 
of Mo-DC from RA patients, a 
lack of NOX5-dependent ROS 
production was observed in RA 
patients, leading to a limited effect 
of Tofacitinib. 

The direct involvement of NOX5 
as a downstream effector of 
Tofacitinib was confirmed by 
pharmacological inhibition of 
NOX5 and NOX2. Indeed, we 
observed a loss of effect of 
Tofacitinib in the presence of the 

NOX5 inhibitor, but not in presence 
of NOX2 inhibitor, suggesting that 
NOX5 is a downstream target for 
Tofacitinib’s mechanism of action. 

Conclusion: In conclusion 
(Figure 1), we observed different 
morphological and functional 
profiles between monocytes 
obtained from RA and PsA 
patients, with RA monocytes 
primed to differentiate into DC 
and exhibiting differentiation and 
activation markers at earlier time 
point compared to that of PsA. 
We further demonstrated a novel 
mechanism of action for Tofacitinib 
in RA and PsA patients, which 
inhibits Mo-DC differentiation via 
the regulation of NOX5 expression 
and ROS production, giving us 
further insight into the use of the 
drug as a successful treatment 
strategy for IA.
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Figure 1. Freshly isolated  
monocytes from RA patients, but 
not PsA, exhibits an activated 
morphology, with small dendrites 
which are further enhanced 1-day 
post-differentiation. At day 7 post 
differentiation both RA and PsA 
express similar DC-features. (B) 
Proposed mechanism of action  
of Tofacitinib on Mo-DC 
differentiation. Tofacitinib, by 
inhibiting the JAK pathway, leads 
to a decrease of NOX5 and a 
subsequent decrease of Mo-DC 
differentiation (adapted from1)

 

  

 

 

 

 


