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Abstract 

Objectives: Osteoarthritis (OA) presents a significant clinical challenge due to its 

heterogeneous nature, characterized by cartilage degradation, inflammation, and fibrosis. 

Current treatments offer limited efficacy, highlighting the need for novel therapeutic 

approaches. Our study aimed to investigate the effects of two JAK inhibitors, tofacitinib and 

baricitinib, on various hallmarks of OA in human joint cells and synovium.

Methods: Human OA fibroblast-like synoviocytes (FLS), OA chondrocytes, and synovial 

explants were cultured with tofacitinib or baricitinib, with or without additional stimulation 

(IL-1β or TGF-β). The levels of p-STAT1, p-STAT3, SOX9, and α-SMA were assessed by 

Western blot whereas SOX9, COL2A1, ACAN, ACTA2, CTGF and COL3A1 gene expression 

was examined by RT-qPCR. Secreted IL-6, MMP-1, MMP-3, MMP-13 were measured in 

supernatants by ELISA.

Results: Tofacitinib or baricitinib increased the expression of anabolic factors SOX9, COL2A1, 

and ACAN while decreasing MMP-13 and MMP-3 levels in OA chondrocytes. Secreted levels 

of IL-6 and MMP-1 were significantly reduced in IL-1β-stimulated OA FLS and in OA 

synovial explants treated with tofacitinib or baricitinib. Finally, baricitinib decreased some 

fibrotic markers: α-SMA expression, ACTA2 gene expression, and CTGF levels in TGF-β-

stimulated OA FLS.

Conclusion: Tofacitinib and baricitinib modulate some features of OA pathophysiology by 

promoting anabolic processes in OA cartilage, reducing inflammation in OA synovium, and 

attenuating some fibrotic factors in OA FLS. These findings demonstrate the potential use of 

tofacitinib and baricitinib as therapeutic options for managing OA, and highlight pathogenic 

pathways to target for further research and development of new OA treatment strategies.
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Graphical Abstract
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Key messages: 

• Tofacitinib and baricitinib promote anabolic processes in OA chondrocytes

• Tofacitinib and baricitinib decrease inflammation in IL-1β-stimulated OA synoviocytes 

and ex vivo synovial explants

• Baricitinib reduces fibrotic factors in OA synoviocytes
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Introduction

Osteoarthritis (OA) is a significant public health issue, affecting more than 200 million people 

worldwide; and its prevalence is increasing as a result of the aging population. OA manifests 

as a heterogeneous whole-joint disease characterized by cartilage degradation, osteophytosis, 

subchondral bone remodeling [1], synovial hypertrophy and/or joint effusion [2,3]. The 

condition arises from an imbalance between the catabolic and anabolic functions of 

chondrocytes in the articular cartilage, resulting in extracellular matrix (ECM) degradation 

[4,5]. While OA was previously viewed as a "wear and tear" disease affecting cartilage, it is 

now widely acknowledged that synovial inflammation is another key characteristic [6,7]. 

Immune cells infiltrate the OA synovial membrane inducing the secretion of pro-inflammatory 

cytokines such as IL-1β, IL-6 and matrix metalloproteinases (MMPs) like MMP-1, which 

further drive cartilage degradation and inflammation [8]. OA also exhibits profibrotic features, 

as evidenced by the presence of fibrotic markers such as α-smooth muscle actin (α-SMA) in 

the synovium and cartilage of OA patients [9,10]. These structural alterations collectively 

contribute to the pathophysiology of OA.

The main symptoms experienced by OA patients include joint pain, joint deformity, morning 

stiffness, swelling, reduced range of motion, and moderate to severe disability, all of which 

significantly diminish the quality of life. Unfortunately, to date, there are no curative treatments 

available for OA. Pharmacological treatments only provide pain relief. In more advanced cases, 

glucocorticoid injections or surgical procedures to implant hip or knee prostheses are 

necessary. Symptomatic slow-acting drug for OA (SYSADOA) like glucosamine sulphate or 

chondroitin sulphate lack evidence of a robust structural effect in human. Additionally, 

biological treatments such as anti-IL-1β or anti-TNF- therapies have limited efficacy [11].

Currently, there is a new therapeutic class emerging in rheumatology, referred to as Janus 

kinase inhibitors (JAKi). These molecules are commonly used for the treatment of chronic 

inflammatory diseases such as atopic dermatitis, alopecia areata, Crohn’s disease, 

spondyloarthritis and rheumatoid arthritis (RA). Tofacitinib and baricitinib are the first 

molecules of the JAKi family to have received approval from both the Food and Drug 

Administration (FDA) and the European Medicines Agency (EMA) for RA treatment. They 

function by blocking the activation of STATs (Signal Transducer and Activator of 

Transcription) through the inhibition of their phosphorylation. The JAK/STAT signaling 

pathway is involved in many processes including cell proliferation, inflammation, immune 
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regulation, differentiation, ECM degradation and apoptosis [12]. JAKi demonstrate a reduction 

in inflammatory responses [13], along with a protective effect on joint damage in RA [14]. 

Furthermore, they play a role in fibrosis process in scleroderma-associated lung disease [15]. 

In animal models of OA, several authors have described the effects of JAKi. Tofacitinib has 

been studied in a surgically induced rat model of OA [16,17], demonstrating reduced cartilage 

ECM degradation, increased chondrocyte autophagy, and inhibition of synovitis and osteoclast 

formation. Nevertheless, there is limited information available in the literature regarding the 

efficacy of JAKi for treating OA in humans. Hence, we hypothesize that tofacitinib and 

baricitinib could represent a novel therapeutic approach in OA owing to their pleiotropic 

effects. To address this issue, we studied the impact of tofacitinib and baricitinib on various 

pathophysiological parameters of OA using human OA cells and tissue, such as fibroblast-like 

synoviocytes (FLS), chondrocytes, and synovial explants ex vivo, aiming to demonstrate the 

potential benefit of these JAKi in OA.
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Methods 

Reagents

Tofacitinib (Tofa) (CP-690550) and baricitinib (Bari) (INCB028050) (Selleckchem, Houston, 

Texas, USA) [18] were used at 0.1, 1 or 10 µM. Control cells were treated with 0.1% DMSO. 

Recombinant human Il-1β (R&D systems, Minnesota, USA) and TGF-β protein (Thermo 

Fisher Scientific, Waltham, Massachusetts, USA) were used at 10 ng/ml. See Supplementary 

Data S1 for further information.

Primary cell culture

Synovial membranes and cartilage were obtained from OA patients undergoing total knee 

arthroplasty (TKA) or total hip replacement (THR) surgery in collaboration with the orthopedic 

surgery department of CHU of Liege. Patients were included only if the prosthetic indication 

was OA. Exclusion criteria were joint replacement for fracture or active inflammatory disease. 

This study was approved by the ethics committee of the CHU of Liege (2023/4) and the biobank 

research committee (BB190058). All experiments were performed in accordance with the 

relevant guidelines and regulations. Patients were recruited using an opt-out methodology. This 

study includes biological samples provided from 59 patients (36F/23M) with median age of 66 

(47-80) years old and median BMI of 29.7 (21.4-44.9). Synovial membranes and cartilage were 

digested as previously described [19,20]. Further information can be found in Supplementary 

Data S2.

Ex vivo synovial explant culture 

Upon receiving synovial tissue from an osteoarthritic knee in the operating room, the synovium 

was directly dissected into small, equally sized pieces. These fragments were then transferred 

into a 24-well plate containing cell medium, and were stimulated with DMSO 0.1% for the 

control condition or with tofacitinib or baricitinib, in a humidified incubator at 37°C with 5% 

CO2. Seventy-two hours later, supernatants were harvested and stored at -20°C for ELISA. To 

ensure that tissue morphology remains intact at the end of the protocol, H&E coloration was 

performed (see Supplementary Figure S1).

Western blot analysis

Proteins were separated by SDS-PAGE and transferred onto polyvinylidene difluoride 

membranes (EMD Millipore, Billerica, MA, USA). Proteins were then blocked prior to 
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incubation with a specific primary antibody. Enhanced chemiluminescence detection reagent 

(ECL kit, Thermo Fisher Scientific, Waltham, Massachusetts, USA) was applied for bands 

detection. Densitometric analysis was performed using the Image Studio Lite Software version 

5.2 (Li-Cor Biosciences, Linkolin, Nebraska, USA).  Further description can be found in 

Supplementary Data S3.

ELISA

Supernatants were recovered and used to determine the concentration of secreted IL-6, MMP-

1, MMP-3 and MMP-13 by commercially available Duoset kits (R&D systems, Minneapolis, 

MN, USA) according to manufacturer’s instructions. Absorbance was read on a 

spectrophotometric ELISA plate reader SpectraMax 384Plus with SoftMax Pro Software 

version 7.0.2 (Molecular Devices, San Jose, USA).

RT-qPCR

Total RNAs were reverse-transcribed into cDNA using RevertAid H Minus First Strand cDNA 

Synthesis Kit (Thermo Scientific, Pittsburgh, Pennsylvania, USA). Thereafter, a real-time 

reverse transcription quantitative PCR (RT-qPCR) allowed to amplify the cDNA products 

using the KAPA SYBR FACT detection system (Sopachem, Nazareth, Belgium) and specific 

primers for gene of interest. Further information was described in Supplementary Data S4. 

Primers used were listed in Table 1. 

Data analysis 

All the results were reported as mean ± SEM and the graphs were carried out using Graphpad 

Prism software (version 9.3.1, La Jolla, CA, USA). The samples are paired, and the 

comparisons involve more than two groups. A normality test was conducted, followed by either 

a Friedman test with Dunn's post-hoc test or a one-way ANOVA with Sidak post hoc test based 

on the results of the normality test.

For all the tests, p-values < 0.05 were considered as significant: * p<0.05, ** p<0.01, *** 

p<0.001 and **** p<0.0001.
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Results

Tofacitinib and baricitinib inhibit STAT1 and STAT3 phosphorylation

In order to ensure the efficacy of tofacitinib and baricitinib treatments, the expression of p-

STAT1 and p-STAT3 was investigated in OA FLS and OA chondrocytes (Figure 1). Cells were 

stimulated with tofacitinib or baricitinib at concentrations of 0.1, 1 or 10 µM for 2 hours. The 

expression of p-STAT1 significantly decreased in OA FLS after stimulation with tofacitinib (1 

µM, p=0.002 and 10 µM, p=0.0001) or baricitinib (1 µM, p=0.0013 and 10 µM, p<0.0001) 

compared to the control condition (stimulated with DMSO) (Figure 1A). Similarly, the 

expression of p-STAT3 was significantly reduced after stimulation with tofacitinib or 

baricitinib at 1 µM and 10 µM (p<0.0001) compared to the control condition (Figure 1B). The 

expression of p-STAT1 was also significantly diminished in OA chondrocytes after stimulation 

with tofacitinib or baricitinib 10 µM (p=0.0434 and p=0.0082, respectively) (Figure 1C); and 

the expression of p-STAT3 was significantly reduced with tofacitinib (1 µM, p=0.008 and 10 

µM, p<0.0001) or baricitinib (1 µM and 10 µM, p<0.0001) compared to the control condition 

(Figure 1D). 

Tofacitinib and baricitinib promote anabolic process in OA chondrocytes

To assess the treatment’s effect on some anabolic and catabolic factors, OA chondrocytes were 

treated with either tofacitinib or baricitinib at concentrations of 1 and 10 µM for 24 hours. 

Regarding anabolic factors, levels of SOX9 gene expression significantly increased after 

stimulation with tofacitinib (10 µM, p=0.0001) or baricitinib (10 µM, p<0.0001) compared to 

the control condition (DMSO) (Figure 2A). Levels of SOX9 protein expression were also 

significantly higher after stimulation with tofacitinib (10 µM, p=0.0139) or baricitinib (10 µM, 

p=0.0010) (Figure 2B). Additionally, levels of COL2A1 were notably elevated after stimulation 

with tofacitinib (10 µM, p<0.0001) or baricitinib (1 µM, p=0.0115 and 10 µM p=0.0002) 

compared to the control condition (Figure 2C). Moreover, levels of ACAN gene expression 

significantly increased after stimulation with tofacitinib (10 µM, p=0.0063) or baricitinib (10 

µM, p<0.0001) compared to the control condition (Figure 2D). Conversely, regarding catabolic 

factors, the expression level of secreted MMP-13 was significantly decreased after stimulation 

with tofacitinib (1 µM, p=0.0119 and 10 µM, p=0.0046) or baricitinib (1 µM, p=0.0119; 10 

µM, p=0.0016) (Figure 2E). The expression level of secreted MMP-3 protein was significantly 
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decreased only at the highest dose of tofacitinib (10 µM, p=0.0016) compared to the control 

condition (Figure 2F). Together, these data demonstrate that tofacitinib and baricitinib tend to 

promote some anabolic processes over catabolic ones in OA chondrocytes.

Tofacitinib and baricitinib decrease some markers of inflammation in OA synovium

To find out whether tofacitinib and baricitinib exert an anti-inflammatory effect in OA joint 

cells, the secretion levels of IL-6, MMP-1, and MMP-3 were assessed in OA FLS supernatants 

by ELISA. FLS were treated with tofacitinib or baricitinib for 24 hours without additional 

stimulation. Under spontaneous conditions, a decreasing trend in IL-6 secretion was observed 

in a dose-dependent manner with tofacitinib (Figure 3A), along with lower MMP-1 secretion 

with tofacitinib (Figure 3B). No modulation of MMP-3 secretion was observed with either 

tofacitinib or baricitinib treatment (Figure 3C). By contrast, under pro-inflammatory condition 

(i.e. IL-1β stimulation), tofacitinib and baricitinib displayed significant anti-inflammatory 

effects. As expected, the expression level of secreted IL-6, MMP-1, and MMP-3 significantly 

increased after IL-1β stimulation compared to the control condition: p<0.0001 (IL-6), p=0.0469 

(MMP-1), p=0.0029 (MMP-3) (Figure 3D-F). In IL-1β-stimulated cells, levels of IL-6 

significantly decreased with tofacitinib (1 µM, p=0.0289 and 10 µM, p=0.0080) or with 

baricitinib (1 µM, p=0.0335 and 10 µM, p=0.0196) (Figure 3D). Levels of MMP-1 were 

significantly reduced with both drugs, tofacitinib (1 µM, p=0.0469 and 10 µM, p=0.0209) and 

baricitinib (1 µM, p=0.0136) (Figure 3E). Moreover, MMP-3 secretion was significantly 

decreased with tofacitinib (10 µM, p=0.0294) (Figure 3F) but not with baricitinib. 

To emphasize these anti-inflammatory properties in OA synovium, ex vivo synovial explant 

cultures were also used. The explants were treated with JAKi at a concentration of 1 µM for 

72 hours. Under spontaneous conditions, IL-6 secretion was significantly decreased with both 

drugs, tofacitinib (1 µM, p=0.0028) and baricitinib (1 µM, p=0.0089) compared to the control 

condition (Figure 4A). Similarly, MMP-1 secretion was also significantly reduced with 

tofacitinib (1 µM, p=0.0075) and baricitinib (1 µM, p=0.0051) (Figure 4B). A non-significant 

decrease of MMP-3 secretion was observed with tofacitinib or baricitinib (Figure 4C). Taken 

together, these data suggest that tofacitinib and baricitinib exert an anti-inflammatory effect in 

OA synovium.
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Baricitinib decreases some fibrotic markers in OA FLS

Fibrosis markers such as α-SMA, CTGF and COL3 expressions have been reported in OA 

tissues and cells [10,21]. We assessed their spontaneous and TGF-β-induced expression in OA 

FLS. Next, we challenged the potential anti-fibrotic effect of tofacitinib and baricitinib. As 

expected, under TGF-β stimulation, a significant increase of α-SMA protein (Figure 5A, 

p=0.0004) and gene (ACTA2, Figure 5B, p=0.008) expression was observed compared to the 

control OA FLS. Similarly, CTGF (p=0.0004) and COL3A1 (p<0.0001) gene expression were 

also increased upon TGF-β stimulated OA FLS when compared to the control cells (Figure 5C-

D). 

After baricitinib stimulation, levels of α-SMA were significantly decreased, both at protein 

(Figure 5A, p=0.0129) and mRNA (ACTA2, Figure 5B, p=0.0216) level. This was not the case 

after tofacitinib stimulation (Figure 5A-B). CTGF gene expression was also significantly 

reduced (p=0.0452) after baricitinib stimulation but not with tofacitinib (Figure 5C). However, 

regarding COL3A1 gene, baricitinib could not significantly decrease its expression level 

(Figure 5D). Moreover, there was a significant (p=0.0025) increase of COL3A1 gene in TGF-

β-stimulated cells under tofacitinib treatment (Figure 5D). Together, these findings suggest that 

baricitinib exhibits a partial anti-fibrotic effect in OA FLS. 

Page 10 of 33Rheumatology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keaf298/8155858 by U

niversite de Liege user on 07 July 2025



Discussion

Our study demonstrates interesting effects of tofacitinib and baricitinib on primary OA 

cells (FLS and chondrocytes) as well as on ex vivo synovial explants isolated from human OA 

joints. In our study, tofacitinib and baricitinib promote anabolic molecules in OA chondrocytes, 

but also reduce the levels of pro-inflammatory mediators, and modulate some fibrotic factors 

in FLS, suggesting that they may play a promising role in the treatment of OA.

Our results confirm that tofacitinib and baricitinib significantly decrease STAT1 and 

STAT3 phosphorylation in OA FLS and OA chondrocytes. These results are consistent with 

other studies using inflammatory joints provided from inflamed synovial tissue from patients 

with RA or psoriatic arthritis [22,23]. In the study by Gao et al, tofacitinib at 1 µM reduced p-

STAT1 and p-STAT3 in psoriatic arthritis synovial fibroblasts [22]. In our study, both drugs at 

1 µM and 10 µM significantly decreased p-STAT1 and p-STAT3 expression, confirming their 

efficacy in inhibiting the JAK/STAT pathway.

Tofacitinib and baricitinib promoted the expression of anabolic molecules in OA 

chondrocytes. Type II collagen and aggrecan, encoded by the COL2A1 and ACAN genes 

respectively, are the major components of the extracellular matrix of cartilage. SOX9, a 

transcription factor associated with cartilage formation, is involved in embryonic 

chondrogenesis [24,25] and in the regulation of the COL2A1 gene [26]. During OA, 

chondrocytes lose their ability to produce these molecules, both in situ in cartilage and also 

when cultured in vitro [27]. In this study, we show that SOX9, COL2A1 and ACAN expressions 

were increased in OA chondrocytes after stimulation with tofacitinib or baricitinib at 10 µM, 

which is in line with two other studies suggesting a potential chondroprotective effect of 

tofacitinib [28,29]. Furthermore, tofacitinib and baricitinib attenuated the secretion of some 

catabolic factors. Catabolic factors are numerous and include MMPs, ADAMTS (a disintegrin 

and metalloproteinase with thrombospondin motifs), and cytokines. MMPs degrade the 

extracellular matrix of cartilage by cleaving structural proteins such as collagen and aggrecan 

[30]. Cytokines such as IL-1β and TNF-α are inflammatory mediators that can induce the 

production of MMPs and ADAMTS, thereby promoting cartilage degradation. In this study, 

we focused on the secretion of MMP-13 and MMP-3, both of which were decreased after 

stimulation of OA chondrocytes with tofacitinib or baricitinib. These findings corroborate the 

results by Machida et al [28] who observed a decrease in the expression of MMP-13 induced 

by mechanical stress in chondrocytes after treatment with tofacitinib. It is also in line with 
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Thorpe et al., who demonstrated that tofacitinib decreased MMP-3 and MMP-13 expression in 

the human chondrocyte C28/I2 cell line stimulated with rhIL-6 [31].

The protective role of tofacitinib and baricitinib on inflammation is well described in 

other rheumatic diseases, but remains understudied in OA, particularly in synovial fibroblasts. 

In this study, we highlight their anti-inflammatory properties in the synovium (FLS and ex vivo 

synovial explants) of OA patients. We showed that tofacitinib and baricitinib decreased the 

secretion of the pro-inflammatory mediators IL-6 and MMP-1 in synovial explant cultures. Ex 

vivo synovial explants add supplementary value by mimicking the synovial cell network in OA 

patients. McGarry et al observed a decrease in IL-6 secretion in ex vivo synovial explants from 

RA patients after stimulation with tofacitinib [32]. We also showed that tofacitinib and 

baricitinib decreased the secretion of IL-6 and MMP-1 in supernatants of IL-1β stimulated OA 

FLS while a decreasing trend could be observed under spontaneous inflammation in OA FLS. 

Similarly, in RA synovial fibroblasts, McGarry et al did not observe any IL-6 secretion with 

tofacitinib 1 µM under spontaneous conditions [32]. Of particular interest, a prospective 

clinical study has already showed that baricitinib may be a promising treatment for 

inflammatory knee OA patients because some inflammatory markers (such as ESR or hsCRP) 

and the WOMAC score of OA severity were decreased [33]. In this study, OA patients were 

enrolled only if they had clinical signs of inflammation and elevated sedimentation rate or C-

reactive protein levels.

Interestingly, in RA synovial fibroblasts, tofacitinib and baricitinib, at concentrations 

of 1-5µM, were also able to decrease IL-6 in response to other pro-inflammatory stimulators 

like oncostatin M (OSM) [34]. By contrast, no IL-6 decrease was observed either with 

tofacitinib or baricitinib in RA synovial fibroblasts stimulated with IL-1β [34,35]. This 

difference compared to our data might be explained by the different pathophysiology of RA vs 

OA. Indeed, in RA, oncostatin plays a predominant role, whereas in OA, it is rather IL-1β that 

is the key player in IL-6 generation. 

Finally, OA is associated with fibrosis, characterized by the excessive deposition of 

connective tissue due to dysregulated fibroblast activation [36,37]. The tissues affected are 

cartilage and synovium, the latter being affected at the onset and during the progression of OA, 

contributing to the joint pain and stiffness. Here, we show that baricitinib decreases some 

fibrotic markers in OA FLS. A decrease of α-SMA and its associated gene ACTA2, as well as 

a decrease in CTGF expression, was observed in OA FLS treated with baricitinib at 10 µM. 
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Limited data are available on the potential effect of baricitinib on fibrosis. Liu et al 

demonstrated that baricitinib reduced fibrosis in lung tissue, especially by reducing p-STAT3 

expression in a mouse model of RA-associated interstitial lung disease [38]. In another in vivo 

study, baricitinib decreased -SMA, type I collagen and fibronectin levels in lung tissue from 

fibrotic mice [39]. Several studies have reported that JAK 1/2 inhibition can help alleviate 

fibrosis. For example, the combination of baricitinib and nintedanib has shown a synergistic 

effect in the treatment of idiopathic pulmonary fibrosis [40], and baricitinib reduces myocardial 

fibrosis [41]. In our study, tofacitinib did not reduce fibrotic markers, possibly because it targets 

JAK1 and JAK3, whereas baricitinib inhibits JAK1 and JAK2[42]. The JAK2 pathway is more 

prominent in renal fibrosis and myelofibrosis, where JAK2 inhibitors are used in 

myeloproliferative diseases [43]. Although tofacitinib did not reduce fibrotic markers here, it 

has shown efficacy in scleroderma mouse models [44,45]. Further studies are needed to 

investigate JAK signaling in fibrosis.

Our study has several limitations. It addresses OA features at an advanced stage of the 

disease, since tissues were obtained from patients undergoing surgery, and results cannot be 

extrapolated to early OA. It constitutes an initial investigation of the effect of tofacitinib and 

baricitinib on certain human OA parameters, before delving deeper into the effects of the two 

molecules. The use of an in vivo model, such as the CIOA or DMM mouse models, could 

provide valuable insights into the impact of JAKi on OA progression. Two studies using in 

vivo OA models found that intra-articular tofacitinib reduced arthritis scores, bone degradation 

[16], and cartilage degeneration by preserving ECM and enhancing chondrocyte autophagy 

[17]. In our study, we used tofacitinib and baricitinib, that inhibit multiple isoforms of JAKs, 

but there are other JAKi selectively inhibiting only one isoform. Therefore, a comparative 

analysis between a selective JAK inhibitor and a non-selective one could be performed in future 

research studies.

OA is a complex disease, involving numerous pathophysiological pathways. Current 

treatments targeting inflammation remain controversial and SYSADOA agents show limited 

effects in humans. Therefore, tofacitinib and baricitinib, given their ability to affect multiple 

aspects of OA, offer promising therapeutic approaches. Specifically, tofacitinib and baricitinib 

promote anabolic processes in osteoarthritic cartilage, decrease the levels of pro-inflammatory 

mediators in OA FLS and synovial explants, and attenuate some fibrotic factors in OA FLS. 

Furthermore, the short half-life and easy production of JAKi as synthetic molecules provide 

additional advantages. However, considering that these small molecules have only emerged in 
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the last decade, it is worth bearing in mind that there is limited data on their long-term side 

effects. Tofacitinib and baricitinib have recently received FDA and EMA warnings about 

cardiovascular events, blood clots, cancer, and serious infections, mainly based on the ORAL 

Surveillance study [46]. However, recent data [47–49] suggest these risks are mostly seen in 

high-risk populations. Despite this, JAK inhibitors are used in conditions with high pro-

thrombotic risk, such as thrombocythemia vera, systemic lupus erythematosus, and giant cell 

arteritis. Moreover, OA patients frequently use NSAIDs [50] and have limited mobility—both 

strongly associated with cardiovascular disease. An effective OA treatment, as suggested by 

our in vitro data, could help mitigate these risks. Nevertheless, tofacitinib and baricitinib offer 

promising therapeutic approaches in the treatment of OA, particularly given their ability to 

affect multiple aspects of the disease. In addition, in our study, baricitinib appears to be more 

promising than tofacitinib because it has an effect on some fibrotic factors such as α-SMA and 

CTGF. 

In conclusion, although further studies are needed to confirm and extend these 

observations, our findings identify multiple beneficial effects of a single therapeutic drug on 

different pathophysiological pathways involved in OA and raise hope on new therapeutic 

modalities in this widespread disease.
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Figures

Figure 1 Inhibition of STAT1 and STAT3 phosphorylation by tofacitinib and baricitinib in 
OA FLS and chondrocytes

OA FLS (A-B) and OA chondrocytes (C-D) were incubated with tofacitinib or baricitinib at 
0.1 µM, 1 µM or 10 µM for 2 hours. (A-C) p-STAT1, STAT1 and GAPDH protein 
expression level. (B-D) p-STAT3, STAT3 and GAPDH protein expression level. For each 
panel, the upper picture shows a representative Western blot for one patient and the lower 
graph is the protein quantification for all patients reported on GAPDH expression level 
(loading control). Numbers of patients included: n=8 (A); n=10 (B); n=6 (C); n=11 (D). 
Values are expressed as mean ± SEM; * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001. %

Alt text: Western blots showing STAT 1 and 3 phosphorylation in osteoarthritic fibroblast-like-
synoviocytes and chondrocytes after 2 hours treatment with tofacitinib or baricitinib at 
increasing concentrations with subfigures labelled from A to D, illustrating representative 
picture and statistical analyses.

Figure 2 Impact of tofacitinib and baricitinib on metabolism balance in OA chondrocytes

OA chondrocytes were treated with tofacitinib or baricitinib at 1 and 10 µM for 24 hours. 
(A,C,D) SOX9, COL2A1, ACAN relative gene expression was assessed by RT-qPCR.(B) 
SOX9 and HSP90 protein expression level. The upper picture shows a representative Western 
blot for one patient and the lower graph is the protein quantification for all patients reported on 
GAPDH expression level. (E-F) Secreted MMP-13 and MMP-3 levels were measured by 
ELISA. Numbers of patients: n=9 (A; C); n=6 (B); n=8 (D); n=10 (E; F). Data are shown as 
mean ± SEM; * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001.
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Alt text: Bar graphs illustrate how tofacitinib and baricitinib modulate anabolic gene expression 
and the secretion of catabolic factors in osteoarthritic chondrocytes after 24 hours of treatment, 
with subfigures A to F displaying the statistical analysis. Panel B also includes a representative 
western blot for one anabolic marker.

Figure 3 Effect of tofacitinib and baricitinib on inflammatory mediators in spontaneous or IL-
1β-stimulated OA FLS 

In the spontaneous model (A,B,C), OA FLS were treated with tofacitinib or baricitinib at 0.1 
µM, 1 µM or 10 µM for 24 hours. In the IL-1β-stimulated model (D,E,F),  OA FLS were pre-
incubated for 2 hours with tofacitinib or baricitinib at 0.1 µM, 1 µM or 10 µM, then stimulated 
with IL-1β for 24 hours (10 ng/ml). Secreted IL-6 (A-D), MMP-1 (B-E) or MMP-3 (C-F) levels 
were measured in supernatants in OA FLS by ELISA. Numbers of patients included: n=6 (A; 
C; D); n=5 (B; E; F). Data are represented as mean ± SEM; * p<0.05, ** p<0.01, **** 
p<0.0001.

Alt text: Bar graphs illustrate a reduction in the secretion of inflammatory markers by 
tofacitinib and baricitinib in osteoarthritic fibroblast-like synoviocytes, under both spontaneous 
and interleukin-1 beta-stimulated conditions, with subfigures A to F displaying the statistical 
analyses.

Figure 4 Effect of tofacitinib and baricitinib on inflammatory mediators in OA synovial 
explants

OA synovium explants were incubated with tofacitinib or baricitinib at 1 µM for 72 hours. 
Secreted IL-6 (A), MMP-1 (B) and MMP-3 (C) levels were measured in supernatants in OA 
synovial explants by ELISA. Numbers of patients: n=6 (A); n=4 (B); n=5 (C). Data are 
expressed as mean ± SEM; ** p<0.01.

Alt text: Bar graphs on secretion of inflammatory markers in osteoarthritic synovial explants 
after 72 hours with tofacitinib or baricitinib, with subfigures labelled from A to C illustrating 
statistical analyses.

Figure 5 Impact of tofacitinib and baricitinib on fibrotic markers in OA FLS

OA FLS were stimulated with TGF-β (10 ng/ml) for 72 hours. At 48 hours, tofacitinib or 
baricitinib (10 µM) was added for 24 hours. (A) α-SMA and HSP90 protein expression level. 
The upper picture shows a representative Western blot for one patient and the lower graph is 
the protein quantification for all patients reported on GAPDH expression level (loading 
control). (B-D) ACTA2, CTGF and COL3A1 relative gene expression in OA FLS by RT-
qPCR. Numbers of patients: n=10 (A); n=12 (B); n=13 (C; D). Data are shown as mean ± SEM; 
* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Alt text: Graphs illustrate the expression of transforming growth factor-beta-induced fibrotic 
markers in osteoarthritic fibroblast-like synoviocytes after treatment with tofacitinib or 
baricitinib. Subfigures A to D present the statistical analyses, with panel A also showing a 
representative western blot for one fibrotic marker.
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Tables/Figures 

Table

Table 1

Primer sequences used for RT-qPCR

Gene Forward sequence Reverse Sequence

human SOX9 5’-ACAACCCGTCTACACACAGC-3’ 5’-ACGATTCTCCATCATCCTCC-3’

human COL2A1 5’-TTTTCCAGCTTCACCATCATC-3’ 5’-CCTCAAGGATTTCAAGGCAAT-3’

human ACAN 5’-AGATTCACAGAACTCCAGTGC-3’ 5’-ACCTACGATGTCTACTGCTTTG-3’

human ACTA2 5’-CGTGTTGCCCCTGAAGAGCAT-3’ 5’-ACCGCCTGGATAGCCACATACA-3’

human CTGF 5’-TTGGCAGGCTGATTTCTAGG-3’ 5’-GGTGCAAACATGTAACTTTTGG-3’

human COL3A1 5’-GCGGTTTTGCCCCGTATTAT-3’ 5’-TGCAGTTTCTAGCGGGGTTT-3’

human GAPDH 5’-TGTAGTTGAGGTCAATGAAGGG-3’ 5’-ACATCGCTCAGACACCATG-3’
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Figure 1 Inhibition of STAT1 and STAT3 phosphorylation by tofacitinib and baricitinib in OA FLS 
and chondrocytes OA FLS (A-B) and OA chondrocytes (C-D) were incubated with tofacitinib or baricitinib 
at 0.1 µM, 1 µM or 10 µM for 2 hours. (A-C) p-STAT1, STAT1 and GAPDH protein expression level. (B-D) p-

STAT3, STAT3 and GAPDH protein expression level. For each panel, the upper picture shows a 
representative Western blot for one patient and the lower graph is the protein quantification for all patients 
reported on GAPDH expression level (loading control). Numbers of patients included: n=8 (A); n=10 (B); 

n=6 (C); n=11 (D). Values are expressed as mean ± SEM; * p<0.05, ** p<0.01, *** p<0.001, **** 
p<0.0001. %" 

158x225mm (72 x 72 DPI) 
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Figure 2 Impact of tofacitinib and baricitinib on metabolism balance in OA chondrocytes OA 
chondrocytes were treated with tofacitinib or baricitinib at 1 and 10 µM for 24 hours. (A,C,D) SOX9, 

COL2A1, ACAN relative gene expression was assessed by RT-qPCR.(B) SOX9 and HSP90 protein expression 
level. The upper picture shows a representative Western blot for one patient and the lower graph is the 

protein quantification for all patients reported on GAPDH expression level. (E-F) Secreted MMP-13 and MMP-
3 levels were measured by ELISA. Numbers of patients: n=9 (A; C); n=6 (B); n=8 (D); n=10 (E; F). Data 

are shown as mean ± SEM; * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001." 

157x225mm (72 x 72 DPI) 
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Figure 3Effect of tofacitinib and baricitinib on inflammatory mediators in spontaneous or IL-1β-
stimulated OA FLS In the spontaneous model (A,B,C), OA FLS were treated with tofacitinib or baricitinib at 
0.1 µM, 1 µM or 10 µM for 24 hours. In the IL-1β-stimulated model (D,E,F),  OA FLS were pre-incubated for 
2 hours with tofacitinib or baricitinib at 0.1 µM, 1 µM or 10 µM, then stimulated with IL-1β for 24 hours (10 
ng/ml). Secreted IL-6 (A-D), MMP-1 (B-E) or MMP-3 (C-F) levels were measured in supernatants in OA FLS 
by ELISA. Numbers of patients included: n=6 (A; C; D); n=5 (B; E; F). Data are represented as mean ± 

SEM; * p<0.05, ** p<0.01, **** p<0.0001. 

156x225mm (72 x 72 DPI) 
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Figure 4Effect of tofacitinib and baricitinib on inflammatory mediators in OA synovial explants OA 
synovium explants were incubated with tofacitinib or baricitinib at 1 µM for 72 hours. Secreted IL-6 (A), 

MMP-1 (B) and MMP-3 (C) levels were measured in supernatants in OA synovial explants by ELISA. Numbers 
of patients: n=6 (A); n=4 (B); n=5 (C). Data are expressed as mean ± SEM; ** p<0.01. 

169x190mm (72 x 72 DPI) 
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Figure 5Impact of tofacitinib and baricitinib on fibrotic markers in OA FLSOA FLS were stimulated 
with TGF-β (10 ng/ml) for 72 hours. At 48 hours, tofacitinib or baricitinib (10 µM) was added for 24 hours. 
(A) α-SMA and HSP90 protein expression level. The upper picture shows a representative Western blot for 
one patient and the lower graph is the protein quantification for all patients reported on GAPDH expression 
level (loading control). (B-D) ACTA2, CTGF and COL3A1 relative gene expression in OA FLS by RT-qPCR. 
Numbers of patients: n=10 (A); n=12 (B); n=13 (C; D). Data are shown as mean ± SEM; * p<0.05, ** 

p<0.01, *** p<0.001, **** p<0.0001. 

169x216mm (72 x 72 DPI) 
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