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Tumour necrosis factor: out of 
my heart!
Lars Vereecke,1,2 Dirk Elewaut1,2

Increasing evidence points to cardiovas-
cular comorbidities in patients with rheu-
matic diseases, particularly in rheumatoid 
arthritis (RA) and spondyloarthritis (SpA).1 
Ischaemic heart disease, valvular involve-
ment including insufficiency and stenosis 
and arrhythmias can be observed as typical 
manifestations. They are a major cause of 
increased morbidity and mortality. While 
the epidemiological evidence is over-
whelming, the underlying mechanisms 
why chronic inflammatory diseases affect 
the cardiovascular system are only partially 
understood. Treatment with anti-tumour 
necrosis factor (TNF) biologics amelio-
rates the risk for these comorbidities.1 
However, insights into the underlying 
mechanisms and information on respon-
sible cell-type linking arthritis and cardiac 
disease are yet unclear.

In this issue, Ntari et al describe spon-
taneous cardiac pathology in a preclin-
ical model of arthritis driven by chronic 
human TNF expression. They show that 
TNF signalling in mesenchymal cells 
is both necessary and sufficient for the 
development of heart valve pathology in 
the presented mouse model.2

Human TNF transgenic mice which 
develop spontaneous arthritis (Tg197 
line)3 were backcrossed to colVI-Cre 
TNFR1fl/fl versus TNFR1cneo/cneo mutant 
mice. This approach permits selective 
mesenchymal-specific genetic ablation 
versus reactivation of TNF/TNF-receptor 
1 (TNFR1), including valve interstitial 
cells (VICs) of the heart. The same group 
previously showed that TNF signalling in 
mesenchymal cells is sufficient to drive 
chronic gut and joint pathology in an 
alternative TNF-overexpressing mouse 
model.4 In humans, synovial fibroblasts in 
the joints and intestinal mesenchymal cells 
in the gut regulate pathological mecha-
nisms during arthritis5 and inflammatory 
bowel disease (IBD),6 which indicates a 

central role for mesenchymal cells in the 
aetiology of these diseases.

Under chronic TNF exposure, the 
authors show development of sponta-
neous left-sided heart valve pathology 
with fibrosis and thickening of the aortic 
and mitral valves. This was linked to 
activated and hyperproliferating VICs. 
Valvular stenoses develop which leads to 
degeneration and left ventricular dysfunc-
tion. All these features mimic very well 
the cardiac abnormalities detected in 
patients with RA and SpA. Using a number 
of complementary strategies the investi-
gators pinpoint this to a role of TNFR1 
on mesenchymal cells. Mechanistically, 
VICs ex vivo exhibit an activated pheno-
type, increased TNF production and 
enhanced proliferative and migratory 
features. This mirrors abnormalities found 
in other stromal cell compartments such 
as synovial fibroblasts in the joint. RNA 
sequencing of VICs and synovial fibro-
blasts from huTNF transgenic mice were 
compared and were shown to display 
similar dysregulated pathways, including 
nuclear factor (NF)-κB signalling and 
pathways regulating extracellular matrix 
remodelling and deregulated growth, 
together indicating an inflammatory and 
profibrotic phenotype.

One of the intriguing findings of the 
study is the development of pathological 
alterations localised in the left side of the 
heart, particularly the aortic and mitral 
valvular area while the pulmonary valve as 
well as blood arteries and vessels appeared 
unaffected. This is of particular interest 
given that mesenchymal VICs are equally 
distributed in both the left and right sides 
of the heart. The authors suggest that this 
reflects regions of enhanced biomechan-
ical stress in the heart, in line with the 
main pump function of left ventricle. This 
mirrors earlier findings of inflammation 
at mechanical strain-sensitive entheseal 
sites in another TNF-driven model of 
SpA, where biomechanical unloading of 
the limbs prevents the development of 
enthesitis.7 In line with this, the present 
study suggests sites of enhanced cardio-
vascular stress to be particularly sensi-
tive to localised tissue remodelling and 
development of valvular abnormalities. 

However, unlike in joint tissues, inflam-
mation in aortic and mitral valve appeared 
to be minimal since no massive immune 
cell recruitment could be observed. This 
points to differences of inflammatory cells 
to enter these heart structures under high 
velocity or could be due to specific struc-
tural features of valve which disfavours 
immune cell accumulation. Alternatively, it 
could indicate a rapid clearance of inflam-
matory cells which is less likely. Despite 
low immune cell numbers, mesenchymal 
cells are sufficient to drive inflamma-
tory signalling and orchestrate profound 
structural remodelling, ultimately leading 
to fibrosis. This is intriguing as tissue 
fibrosis is not a typical finding in RA and 
SpA at synovial sites where accumulation 
of inflammatory cells and stromal cell 
hyperplasia seems to dominate along with 
secondary destruction of articular struc-
tures. These findings indicate that synovial 
fibroblasts and VICs drive TNF-dependent 
joint and heart pathology, respectively, 
through site-specific pathological mecha-
nisms. This was also reflected in different 
expression profiles in VICs versus syno-
vial fibroblasts, which only partially over-
lapped (40% of genes), especially genes 
linked to TNF and NF-κΒ signalling were 
commonly dysregulated, as well as several 
chemokines.

While this study suggests that mesen-
chymal expression of TNFR1 is sufficient 
to drive TNF-mediated heart disease, the 
study does not rule out contribution of 
other cell types including endothelial and 
myeloid cells to heart pathology. In this 
regard it is interesting to note that recent 
studies have highlighted a critical role for 
dendritic cell subsets as well as macro-
phages8–10 in preserving normal cardiac 
function under ischaemic conditions. 
As these cells not only produce but also 
respond to TNF, it is likely that TNFR1 
signalling may also be very important 
on these cell types in the context of 
TNF-driven cardiovascular disease.11

Although the paper convincingly 
demonstrates the contribution of mesen-
chymal cells to TNF-driven heart 
pathology in the presented mouse 
model, questions remain to what extent 
arthritis and heart pathology develop 
independently in response to high hTNF 
levels, or alternatively, whether these 
pathologies are mechanistically linked. 
To address this question, specific synovial 
fibroblast or VICs TNFR reactivation, 
instead of general mesenchymal reacti-
vation, in order to evaluate the selective 
development of arthritis versus cardiac 
pathology could be very interesting. In 
this respect, the mechanistic link between 
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mesenchymal driven joint and gut 
pathology in an alternative TNF-driven 
mouse model is equally intriguing4 as gut 
inflammation is a common comorbidity in 
SpA.12 Interestingly, also IBD is linked to 
increased cardiac pathology.13 Together, 
these data suggest that intestinal, joint 
and heart disease can either develop 
independently in response to chronic 
inflammation (TNF exposure) or that the 
aetiology of these diseases is mechanisti-
cally closely intertwined.

From a therapeutic perspective, the 
data illustrate the importance of early 
detection of cardiovascular morbidity 
in patients suffering from inflammatory 
rheumatic diseases and the impact of 
tight disease control. This underscores 
the relevance of early intervention and 
treat-to-target regimens on long-term 
outcome; not only in joint but also in 
the cardiovascular system.14 15 Since 
human TNF is known to only bind 
mouse TNFR1, not TNFR2, the data 
in this paper solidify the crucial role of 
TNFR1 signalling on the inflammatory 
features exerted by TNF. In contrast, 
there is growing evidence that TNFR2 
signalling exerts immune regulating 
properties mainly through its impact on 
T regulatory cells.16–19 Thus the interac-
tion of TNF–TNFR1 appears to be the 
main driver of proinflammatory path-
ways during the development of arthritis 
and cardiac abnormalities.4 Therefore, 
strategies to neutralise the detrimental 
effects of TNF through TNFR1-selective 
antibodies may be interesting alternate 
strategies of TNF blockade.20 Overall, 
the paper by Ntari et al shows a crucial 
contribution of the mesenchymal cells to 
the development of heart pathology in a 
TNF-driven mouse arthritis model with 
many similarities to human disease. 
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