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Introduction
Rheumatoid arthritis (RA) is a systemic, polyar-
ticular, chronic, progressive, inflammatory mus-
culoskeletal disorder of synovial joints.1 In 
addition, considerable tissue damage associated 
with RA can occur in the heart,2 as well as the 
lung, skin, eye, kidney, and blood vessels. RA is 
characterized at the molecular and pathophysio-
logical level by abnormal innate, cellular and 
humoral immunity.1,3–5 Thus, abnormal prolifer-
ation kinetics results in an aberrant survival of 
activated T-lymphocytes, B-lymphocytes, mast 
cells, neutrophils, macrophages and accessory-
antigen presenting cells (i.e. dendritic cells; DCs)6 
as well as synovial tissue fibroblasts7 (e.g. fibro-
blast-like synoviocytes) which are the cardinal 
cellular hallmarks of the RA disease process.

In RA synovial joints, the normal single membrane 
synovium becomes hyperplastic. This change results 
from the stimulated migration and adhesion of 

activated immune and nonimmune cells under the 
direction of elevated levels of various chemokines 
and adhesion proteins.8–10 In addition, the signifi-
cantly elevated levels of proinflammatory cytokines, 
exemplified, by tumor necrosis factor-α (TNF-α), 
interleukin (IL)-1ß, IL-6, IL-7, IL-8, IL-12/IL-23, 
IL-15, IL-17, IL-18, IL-32, and, interferon-γ (IFN-
γ) produced by various cells, together with growth 
factors, such as fibroblast growth factor-2 (FGF-2) 
and vascular endothelial growth factor, the latter 
produced mainly by synovial-like fibroblasts and 
macrophages, have been shown to be crucial for RA 
to clinically progress whereby the destruction of 
articular cartilage and erosion of subchondral bone 
are the principal events that result in synovial joint 
failure.9,11–13 Thus, the overall changes occurring in 
RA synovial joints in response to these various fac-
tors, including suppression of cartilage-derived 
extracellular matrix production,14 an elevated fre-
quency of apoptotic chondrocytes,15 synovial tissue 
‘apoptosis resistance’,16 and an increased level of 
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matrix metalloproteinase (MMP) gene expression17 
as well as that class of enzymes, termed, a disinteg-
rin and metalloproteinase (ADAM)18 gene expres-
sion are all critical components of the RA process.

Several signal transduction pathways have been 
implicated in RA progression. For example, 
although IL-1ß is noted to predominantly acti-
vate the stress-activated, mitogen-activated pro-
tein kinase (SAPK/MAPK) pathway19 and IL-6 
and IFN-γ predominantly activate the Janus 
kinase/signal transducers and activators of tran-
scription (JAK/STAT) pathway,20,21 compelling 
evidence points to activation of MAPK signaling 
by IL-622 and IFN-γ as well. Importantly, 
although TNF-α was reported to primarily acti-
vate the SAPK/MAPK pathway,23–26 TNF-α can 
also activate JAK/STAT as evidenced by results 
from our research group which showed that 
recombinant human (rh)-TNF-α caused the 
phosphorylation of the STAT3 protein (i.e. 
p-STAT3) by human chondrocytes in vitro with-
out changing the content of STAT3.27 Of note, 
activation of JAKs by IL-6 was also reported to 
result in the activation of the SAPK/MAPK path-
way and PI3K/Akt/mTOR signaling via ‘cross-
talk’,22,28 whereby the PI3K/Akt/mTOR pathway, 
in particular, has been associated with aberrant 
survival of nonimmune and immune cells in RA.28

The crucial role played by JAK/STAT pathway 
activation in RA was further established following 
the US FDA approval of the JAK3-selective small 
molecule inhibitor (SMI), tofacitinib, for the 
medical therapy of RA.29 Indeed, the successful 
incorporation of tofacitinib into the armamentar-
ium of RA therapies has resulted in the further 
development of JAK1-selective, JAK2-selective, 
TYK2-selective and pan-JAK SMIs for RA.

In that regard, we have evaluated the peer-reviewed 
published literature primarily employing the 
PubMed database (https://www.ncbi.nlm.nih.gov/
pubmed). This literature search focused on the 
role of JAK/STAT signaling in RA. In particular 
we have discussed the molecular mechanisms 
underpinning the activity of the JAK-selective 
SMIs. We also point out some important gaps in 
our knowledge relative to how these JAK-selective 
SMIs actually regulate the changes consonant with 
RA progression at the level of synovial joints.

An overview of JAK/STAT signaling
The Janus family of kinases (JAKs), namely, 
JAK1, JAK2, JAK3 and TYK2, are nonreceptor 

protein tyrosine kinases.30 Abnormal activation of 
JAK/STAT signaling via JAK mutations or con-
stitutive TYK2 signaling was shown to be critical 
for the induction of aberrant hematopoietic stem 
cell development, hematological malignancies, 
autoimmunity and certain immunodeficiency 
syndromes.31 In that regard, inhibitors of JAK 
activation altered T-cell, natural killer cell and 
DC activity, all of which are pertinent to the 
pathogenesis and progression of autoimmune dis-
orders.32 Of note, pharmacological inhibition of 
JAKs was shown to efficiently block the down-
stream events associated with type I/II cytokines33 
and JAK SMIs (now often referred to as Jakinibs)34 
have become useful as potent and efficacious 
medical therapies for a host of autoimmune dis-
eases, such as RA, psoriasis and inflammatory 
bowel diseases.35

All JAKs share a common structural region 
referred to as the JAK homology (JH) region22 
(Figure 1). In this schematic, the JH domains are 
structurally numbered, JH1 to JH7 based on their 
consecutive structural domains beginning at the 
carboxy-terminal and continuing through to the 
amino-terminus.36 Of note, structural analysis 
also proved that the JH2 region once thought to 
be the catalytic domain was not fully functional 
and therefore was redefined as a pseudo-kinase.37 
Importantly, the JH4-JH7 regions were shown to 
be critical for regulating the interactions between 
JAKs and other protein kinases as well as for 
receptor binding, catalytic activity, JAK autophos-
phorylation, and in some cases, for even sup-
pressing JAK activity.38

Normally, STAT proteins are inactive cytoplas-
mic proteins. However, after cytokine activation, 
perhaps best illustrated by the binding of IL-6 to 
the IL-6Rα/gp130 complex, STAT proteins are 
recruited to the cytokine/receptor complex via the 

Figure 1.  JH domains and JAK3 phosphorylation 
sites. (Figure was originally published in Malemud 
and Pearlman22).
FERM, four-point.1-ezrin-radaxin-moesin domain; JAK, 
Janus kinase; JH, JAK homology; kinase-like, pseudokinase 
domain; SH2, Src homology domain; Tyr kinase, tyrosine 
kinase domain.
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SH2 domain where they become phosphorylated. 
This recruitment promotes the formation of 
p-STAT dimers22 (Figure 2). In fact, it is the 
p-STAT homodimers or heterodimers that pro-
vide a primary mechanism for STAT proteins to 
be efficiently translocated to the nucleus where 
they bind to STAT-response DNA motifs and, in 
that manner, act as transcription factors.39,40

Suppressor of cytokine signaling (SOCS): 
a primary negative regulator of JAK/STAT 
activation
The constitutive activation of JAK/STAT signal-
ing is characteristic of various types of cancers, 
including, lymphoma, leukemia and myeloprolif-
erative diseases,41,42 as well as solid tumors43 and 
certain immunodeficiency syndromes.44 The 
finding that a class of proteins, termed, suppres-
sor of cytokine signaling (SOCS) were upregu-
lated under those conditions where STAT 
proteins were also activated indicated that the 
presence of SOCS most likely constituted the pri-
mary mechanism for the negative regulation of 
JAK/STAT signaling.45–48 In fact, it is important 

to note that in RA, negative regulation of STAT 
protein activation via SOCS was found to be seri-
ously deficient.47 Moreover, it was speculated 
that experimental over-expression of SOCS3 in 
RA synovial tissue might provide a mechanism 
for dampening the inflammatory milieu associ-
ated with RA.49,50 In addition to SOCS proteins, 
ongoing studies of protein inhibitor of activated 
STAT (PIAS) have shed light on several addi-
tional targets for regulating JAK/STAT 
activation.51,52

Development of JAK-selective SMIs for RA
Tofacitinib.  Borie and colleagues53 proposed 
tofacitinib as a JAK inhibitor in the context of 
preventing transplant rejection following the 
results of several studies in rodents which vali-
dated the effectiveness of tofacitinib as an immune 
suppression drug. Thus, tofacitinib significantly 
improved allograft survival in a series of primate 
studies while also exhibiting an acceptable safety 
profile in nonhuman primates. As previously indi-
cated, tofacitinib, was the first Jakinib to be 
approved by the US FDA in 2012 for the therapy 

Figure 2.  The interaction of IL-6 with the IL-6Rα/gp130 complex activates JAK3 resulting in the 
phosphorylation of STAT3 (p-STAT3) (ON). SHP-1 is a phosphatase which regulates STAT phosphorylation 
by de-phosphorylating p-STAT3 (OFF). (Figure was originally published in Malemud and Pearlman22).
IL, interleukin; JAK, Janus kinase.
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of moderate-to-severe active RA54 in patients 
whose response to methotrexate was deemed to 
be inadequate. Tofacitinib was reported to inhibit 
JAK3, JAK2, JAK1 with IC50 values of 1 nM, 20 
nM and 112 nM, respectively.55 Tofacitinib was 
developed from the sequential optimization of 
pyrrolopyrimidine-based JAK3 inhibitors.56 The 
effectiveness of tofacitinib was achieved in numer-
ous randomized clinical trials involving RA 
patients57,58 where the majority of those enrolled 
RA patients achieved an American College of 
Rheumatology-20 (ACR20) response criteria59 as 
early as week 2 which was sustained by week 24.60 
In addition, long-term efficacy with tofacitinib in 
for RA patients of up to 48 months was reported.61

At the pathophysiological level, tofacitinib was 
reported to modulate the activity of proinflamma-
tory cytokines that appear to be critical for the pro-
gression of RA.62 Although tofacitinib is reported to 
be JAK3-selective, Yamaoka63 contended that 
tofacitinib actually targeted multiple JAKs, whereas 
other recently developed ‘Jakinibs’ have been devel-
oped to target a single JAK. Of note, Fleischmann64 
reported on whether tofacitinib monotherapy in 
RA subjects had similar efficacy to dual therapy 
with methotrexate. Therefore, the cumulative data 
from these human clinical trial studies indicated 
that although tofacitinib in combination with meth-
otrexate was statistically more effective in RA, 
tofacitinib alone was also clinically effective.

Importantly, JAK inhibition can result in serious 
and opportunistic infections where viral infec-
tions (including herpes zoster) are reported to be 
particularly worrisome.65 However, the incidence 
of malignancy, with the exclusion of nonmela-
noma skin cancers, was found to be similar in 
patients treated with tofacitinib, compared with 
those in the general population.66

Ruxolitinib.  Ruxolitinib, formally termed ruxoli-
tinib/INCB01824, is a JAK1/JAK2-selective  
Jakinib67 which was approved for treating myelo-
proliferative diseases and psoriasis. As indicated 
by Gadina, developing JAK SMIs that target more 
than one JAK does not appear on the face of it to 
be ‘problematic’.68 Considered to be generally 
safe and well tolerated in normal volunteers and 
RA patients, study results with ruxolitinib showed 
that the level of p-STAT3 inhibition in whole 
blood correlated with the plasma levels of the 
drug.69 In a randomized clinical trial conducted 
by Williams and colleagues,70 with active RA 
patients an ACR70 response criteria was achieved 

in 33% of those patients receiving ruxolitinib 
compared with 0% in the placebo arm.

At the pathophysiological level, ruxolitinib-medi-
ated inhibition of JAK1/JAK2 reduced the plasma 
levels of IL-6 and CD-40, the latter of consider-
able importance as a co-stimulatory biomarker 
protein on antigen-producing cells. Ruxolitinib 
also inhibited p-STAT3 in an ex vivo analysis 
conducted on blood cells from RA patients. In 
that regard, Menet and colleagues,71 confirmed 
that JAK1 played a crucial role not only in the 
transduction of the common γ chain cytokines, 
but also in IL-6 signaling. However, despite the 
high level of structural homology between JAK1 
and JAK2 including similar binding profiles at the 
adenosine triphosphate (ATP)-binding site, 
according to Vrontaki and colleagues,72 there 
continues to be a persuasive rationale for the 
development of JAK1 and JAK2-specific SMIs

Baricitinib, decernotinib and filgotinib.  Baricitinib 
is one of several JAK-selective SMIs59,73 approved 
by the European Medicines Agency and the US 
FDA for the treatment of RA. In that regard, bar-
icitinib is an orally-administered Jakinib with 
selectivity towards JAK-1/JAK-240,74 with an IC50 
of 5.9 nM and 5.7 nM, respectively, in cell-free 
assays and a ~70 and ~10-fold selective versus 
JAK3 and Tyk2 with no inhibition of tyrosine-
protein kinase Met and checkpoint kinase-2. Bar-
icitinib was also shown to inhibit IL-6–stimulated 
phosphorylation of STAT3 (pSTAT3) as well as 
the downstream synthesis of the chemokine, 
monocyte chemoattractant protein-1, with IC50 
values of 44 nM and 40 nM, respectively, in 
PBMCs. Baricitinib also inhibited pSTAT3 stim-
ulated by IL-23 with IC50 of 20 nM in isolated 
naïve T-cells.75 In fact, a clinical trial was con-
ducted on normal volunteers which indicated that 
baricitinib exhibited dose–linear and time-depen-
dent pharmacokinetics with low oral-dose clear-
ance of around 17 l/h and minimal accumulation 
in tissues and organs.76 Thus, in a manner similar 
to tofacitinib, baricitinib inhibited p-STAT3 in 
whole blood ex vivo which correlated with the 
level of baricitinib in plasma. Although baricitinib 
exhibited negligible side effects in normal volun-
teers, its use was associated with reduced neutro-
phil counts.72 Recently, Richez and colleagues,77 
reported that treatment of RA patients with bar-
icitinib monotherapy, or when baricitinib was 
combined with conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) 
showed efficacy and an acceptable safety profile 
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in early active naïve csDMARD-treated RA 
patients who had exhibited an inadequate 
response to csDMARDs or biologic DMARDs. 
Their review also pointed out that baricitinib 
offered several advantages over other DMARDs 
in terms of oral administration, onset of response, 
and clinical efficacy as a monotherapy compared 
with the TNF blockade biologic, adalimumab. In 
a large phase III randomized clinical trial of 527 
RA patients who had shown an inadequate 
response to TNF blockade or other biologic 
DMARDs, 55% [versus 27% in the placebo arm 
(p < 0.001)] treated with 2 or 4 mg/daily for 24 
weeks exhibited an ACR20 response as well as 
reductions in the Health Assessment Question-
naire-Disability Index and 28 Joint Disease Activ-
ity Score based on c-reactive protein 
(DAS28-CRP), but not in the Simplified Disease 
Activity Index of 3.3 or less. Overall, two nonmel-
anoma skin cancers and two major cardiovascular 
events were reported, including a fatal stroke, 
which was associated with the higher dose (4 mg) 
of baricitinib. Treatment with the drug was also 
associated with reduced neutrophil counts as well 
as increased serum creatinine and low-density 
cholesterol,78,79 the latter a potential contributor 
to atherosclerosis which has been shown to be a 
major comorbidity in RA.80 Of note, treatment of 
RA patients with baricitinib was associated not 
only with clinical improvement, but also with 
inhibition of radiographic joint damage.

Decernotinib.  Decernotinib is an orally-adminis-
tered JAK3-selective reversible SMI59 which was 
shown to possess clinical efficacy for the treat-
ment of RA.81–83 The clinical efficacy of decerno-
tinib was demonstrated by improvement in the 
ACR criteria and the DAS28-CRP compared 
with placebo.81 In addition to assessing the effect 
of decernotinib on RA progression, this drug was 
also evaluated for its effects on JAK/STAT-medi-
ated signaling. Thus, it was reported that when 
decernotinib and other JAK3 and JAK1/JAK2-
selective SMIs were compared with one another, 
a common component in the response was iden-
tified for the IFN-α and IFN-γ signaling path-
ways, although IL-15, IL-21, IL-6 and 
IL-27-mediated signaling was more effectively 
blocked by tofacitinib and baricitinib than by 
either decernotinib or filgotinib (see below). 
However, these JAK SMIs had less of an effect on 
IL-10, IL-12, IL-23 or erythropoietin which 
under certain conditions are also capable of 
inducing JAK/STAT activation.40 The results of 
two additional experimental studies with 

decernotinib are also worthy of comment here. 
Thus, Mahajan and colleagues,84 showed that 
decernotinib effectively inhibited JAK3 activity 
in vitro and in vivo which was characterized by 
the lack of potency on JAK1/JAK2 activity in 
vitro. Decernotinib also had the capacity to 
reduce paw swelling, and paw weight while 
improving the histopathological score in rat col-
lagen-induced arthritis (CIA). Moreover, in the 
mouse model of oxazolone-induced delayed-type 
hypersensitivity, decernotinib reduced T-cell 
mediated skin inflammation.84

Irreversible JAK3-selective SMIs.  Decernotinib 
and tofacitinib are both reversible SMIs. This 
being the case, Elwood and colleagues,85 con-
tended that the development of irreversible JAK3 
SMIs were likely to be useful and highly effective 
for altering JAK-directed STAT activation. Thus, 
a newly synthesized irreversible JAK-3 inhibitor, 
called Compound 2, was shown to be 4300-fold 
selective towards JAK3 versus JAK1 in enzyme 
assays and >35-fold selective in human periph-
eral blood mononuclear cell assays in assessing 
JAK/STAT activation by IL-7 versus IL-6 or gran-
ulocyte/macrophage colony stimulating factor. 
Importantly, the irreversible JAK3 SMI blocked 
inflammation in a rat model of arthritis without 
affecting hematopoiesis which is considered an 
important step forward in the use of such as drug 
for the treatment of chronic diseases such as RA.

Filgotinib.  Filgotinib is an investigational selec-
tive JAK1 inhibitor.86 The preclinical data for fil-
gotinib were impressive in that they revealed 
selectivity for JAK1 versus JAK2 of nearly 
30-fold87 as well as the capacity of filgotinib to 
inhibit Th1/Th2 differentiation and to a lesser 
extent Th17 differentiation. Filgotinib also atten-
uated the progression of arthritis in rodent CIA 
as evidenced by reduced paw swelling, reduced 
cartilage and bone degradation as well as through 
a lowering of the level of proinflammatory cyto-
kines. Of note, the efficacy of filgotinib was com-
parable in CIA with that obtained with the TNF 
biologic, etanercept.

In a phase IIb clinical trial in 283 RA patients, 
filgotinib employed as a monotherapy was effec-
tive in treating the signs and symptoms of RA with 
a rapid onset of activity.88 In that study no oppor-
tunistic infections or tuberculosis was reported. In 
another clinical trial, Westhovens and colleagues,89 
reported that filgotinib added to methotrexate also 
demonstrated a rapid onset of activity, was well 
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tolerated and improved the clinical picture of RA. 
In a dosage study, Vanhoutte and colleagues,90 
showed that filgotinib employed at 75–300 mg 
daily gradually improved the ACR20 response 
and the DAS28-CRP score, without causing ane-
mia, or altering the activity of liver transaminases. 
Importantly, there was no increase in the level of 
low-density lipoprotein or total cholesterol, 
although a small decrease in neutrophils was 
reported which was attributed to the effect of spe-
cifically inhibiting JAK1. There were no reported 
infections and treatment was well tolerated with 
the most common adverse event reported as nau-
sea. Filgotinib remains under clinical investigation 
where a phase III clinical trial evaluation is being 
conducted using filgotinib and ABT-494 (another 
JAK1 inhibitor).91

Additional JAK SMIs in development
Upadacitinib and peficitinib.  Upadacitinib92 

and peficitinib93 are two JAK SMIs currently 
undergoing evaluation as potential therapies for 
RA. Upadacitinib was shown to be JAK1-selec-
tive,92 whereas peficitinib was shown to inhibit 
JAK1 and JAK3 with 50% inhibitory concentra-
tions of 3.9 and 0.7 nM, respectively, indicating a 
relatively selective effect of peficitinib for JAK3.92

Klünder and colleagues,94 reported in a study of 
107 healthy volunteer subjects and 466 RA 
patients in three phase I and two phase IIb clinical 
trials that upadacitinib, had an acceptable safety 
profile and followed dose-proportional, bi-expo-
nential disposition. However, a somewhat lower 
clearance of the drug was also reported in RA 
patients compared with healthy patients. Other 
potential side effects possibly attributed to upa-
dacitinib such as changes in weight, sex drive, or 
mild or moderate renal impairment were 
unchanged. Peficitinib has been evaluated in sev-
eral RA clinical trials. In one of these trials, 
Genovese and colleagues,95 orally-administered 
peficitinib at varying doses (25–150 mg) for 12 
weeks to RA patients with moderate-to-severe dis-
ease. A positive ACR20 response was obtained at 
the 100 mg and 150 mg doses. Adverse events 
were similar in the RA and the placebo arm of the 
trial with satisfactory tolerability. In another clini-
cal trial, Kivitz and colleagues,96 reported that 
peficitinib (50 mg) employed in combination with 
methotrexate accelerated the ACR20 response in 
378 RA patients compared with those patients in 
the methotrexate arm (i.e. the placebo arm) of the 
trial where, as would be expected, the placebo 
ACR20 response was high. They concluded from 

these results that peficitinib was effective in RA 
and well tolerated with limited safety concerns.

A consequence of the emerging comorbidity of 
atherosclerosis with RA,80 Zhu and colleagues,97 
conducted an open-label clinical trial on 24 
healthy adults treated with peficitinib added to 
rosuvastatin. The overall conclusion from that 
study was that peficitinib, through its major 
metabolite H2, did not significantly alter the 
pharmacokinetics of rosuvastatin as determined 
from measurements of hepatic uptake transporter 
anion transporting polypeptide 1B1. Finally, the 
potential underlying mechanism for the effective-
ness of peficitinib in RA was studied by Ito and 
colleagues,93 who reported a dose-dependent 
suppression of bone destruction and paw swelling 
in a rat antigen-arthritis model where the drug 
was administered either via prophylactic or thera-
peutic dosing or by continuous intraperitoneal 
infusion. Peficitinib also inhibited IL-2-dependent 
T-cell proliferation in vitro and STAT5 activation 
in vitro and in vivo.

Conclusions and future perspectives
We conclude from the preceding analysis that 
constitutive activation or perturbations in JAK/
STAT signaling produces changes crucial to 
many of the clinical aspects of RA associated with 
its pathogenesis and progression. In fact, more 
than a decade ago, Sweeney and Firestein98 impli-
cated JAK/STAT signaling (as well as p38 kinase 
MAPK) as one of the critical regulators of matrix 
metalloproteinase (MMP) gene expression.17 
Therefore, it will be important to determine the 
extent to which JAK SMIs alter MMP gene 
expression by chondrocytes, a major producer of 
MMPs in RA synovial joints.

JAKs and TYK2 have also been implicated in sev-
eral aspects of innate and adaptive immunity.30,53 
In addition to the effect of Jakinibs on T-cell and 
B-cells, several JAK inhibitors have also been 
shown to alter the activity of osteoclasts and DC 
both of which are crucial to mediating bone ero-
sions and antigen-presentation, respectively.53

Mutations that inactivate JAK3 are responsible for 
severe combined immunodeficiency syndromes, 
TYK2 mutations were associated with autosomal 
recessive hyperimmunoglobulin E syndrome  
and a JAK2 ‘gain-of-function’ mutation causes  
polycythemia vera and other myeloproliferative 
diseases. In addition, several other molecules 
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pertinent to RA pathology are also regulated by 
JAK/STAT signaling. These include, IP-10,99 
TNFRSF12, a mediator of apoptosis100 and 
IL-15.101 In fact, Shenoy and colleagues,102 
showed that IL-15 regulated the Bcl-2 family pro-
teins, Bim and Mcl-1 in T-cells. The results of 
that study also suggested that down-regulating 
short-lived Mcl-1 could induce Bim-dependent 
apoptosis which might be useful in promoting 
apoptosis in the perpetually activated T-cells. 
IL-2, a cytokine responsible, in part, for T-cell 
activation, also was shown to enhance IL-10 pro-
duction through activation of STAT5103 in the 
Treg cell line, HOZOT. Thus, if IL-10 production 
could be increased in this manner and if IL-10 was 
properly regulated under those conditions then 
this strategy could potentially restore one of the 
functions of IL-10 believed to be compromised in 
RA.

Other molecules, including, programmed cell 
death protein-1 (PD-1) and its ligand PD-L1, 
cytotoxic T-lymphocyte-associated protein-4 
(CTLA-4), lymphocyte activation gene-3 (LAG-
3), T-cell immunoglobulin and mucin domain-1 
(TIM-1) and various interferons are critical for 
maintaining immune balance.104,105 For example, 
it may be informative to connect JAK/STAT sign-
aling with PD-L1 since Doi and colleagues106 
recently demonstrated that the JAK/STAT path-
way regulated PD-L1 gene expression in pancre-
atic cancer cells which was suppressed by a JAK1 
inhibitor that also reduced the activation of 
STAT1. However, the results of this study106 also 
points to a potential flaw in reasoning that merely 
associating JAK/STAT signaling with a particular 
regulatory mechanism involving STAT-responsive 
genes means that inhibiting the latter will alter the 
course of disease. In that regard, inhibitors of 
PD-1/PD-L1 activate T-cells. This establishes an 
immunotherapeutic paradigm for suppressing can-
cer cell proliferation. However, the extent to which 
checkpoint inhibition would result in suppression 
of the dysregulated proliferation of RA synovial 
fibroblasts remains to be determined.

The results of two clinical trials which assessed the 
JAK inhibitor, tofacitinib, against adalimumab or 
placebo107 or tofacitinib monotherapy108 in RA 
patients showed that tofacitinib was clinically effi-
cacious yet was also associated with increased lev-
els of low-density and high-density lipoprotein 
cholesterol as well as with reduced neutrophil 
counts. Thus, it remains to be determined as to 
the extent to which ‘Jakinibs’ will either replace or 

supplement conventional synthetic csDMARDs 
or biologic drugs as first-line therapies for RA. 
Presently, moderate-to-severe RA continues to be 
treated with methotrexate plus/minus biological 
drugs; the latter targeting either proinflammatory 
cytokines, TNF-α, IL-6R or T-cell/B-cell prolif-
eration, survival or biological activity. In addition, 
future studies should be conducted to ask whether 
or not certain RA subgroups (e.g. rheumatoid fac-
tor positive RA versus rheumatoid factor negative 
RA; high titer versus low titer anti-cyclic citrulli-
nated peptide antibody) will derive greater benefit 
from ‘Jakinibs’ compared with conventional 
DMARDs or biologic drugs.
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