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EDITORIAL

A Potential New Link Between Inflammation
and Vascular Calcification

Xinjiang Cai “*, MD, PhD; Yin Tintut

closely associated with atherosclerosis and vascu-

lar calcification (VC) that the latter conditions may be
more aptly termed atheroscleritis and calcific vasculi-
tis. The association between inflammation and ectopic
calcification is also observed prominently in diabetes,’
calcific tendinitis,? and inflammatory bowel disease.®
One possible exception is in the case of chronic kid-
ney disease, where inflammation is less dominant but
calcification is extreme. The calcification in chronic kid-
ney disease also differs in location—the medial layer
of the artery wall, unlike in atherosclerosis,! where
inflammation and calcification occur primarily on the
opposite side of the elastic lamina—in the neointima.
While circulating levels of systemic biomarkers of in-
flammation are known to correlate with atherosclero-
sis and increased cardiovascular risks, more recent
studies have also revealed the important roles of local
inflammatory cytokines in regulating cell phenotypic
transition, osteogenic differentiation, and vascular cal-
cification.! Colocalization of inflammation with calcifi-
cation, based on markers for both macrophages and
osteogenesis, was shown in the atherosclerotic aortas
of hyperlipidemic apolipoprotein E7~ mice.* Clinical
evidence that inflammation precedes calcification was
provided by "®F-fluorodeoxyglucose positron emission
tomography/computed tomography scans of >100
patients in a longitudinal study, where uptake of '8F-
labeled glucose (an indicator of metabolic activity likely
to be inflammation) preceded radiographically detect-
able calcification in the aortic valve ring.> However, it
remains possible that radiographically undetectable
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calcium crystals may precede and even cause inflam-
mation, given the example of gout, where it is well es-
tablished that calcium pyrophosphate crystals cause
painful inflammation. In any case, whatever the cause,
no pharmacological treatments have been clearly es-
tablished to reduce VC in humans.

See Article by Hao et al.

In this issue of the Journal of the American Heart
Association (JAHA), Hao et al® provide evidence that
expression of interleukin-29 is upregulated in calcified
carotid arteries from patients with coronary artery dis-
ease and chronic kidney disease. The authors also
show that expression of interleukin-28a, the human
interleukin-29 paralogue in mice, and its receptor
interleukin-28Ra are increased in the calcified aortic
tissues of the vitamin D;-induced mouse model of
VC. Notably, all type Il interferons, including interleu-
kin-29 and interleukin-28a, bind to the same heterod-
imeric complex that comprises interleukin-28Ra and
interleukin-10R2 subunits.” Using vascular smooth
muscle cells and ex vivo rat aortic ring cultures in high
phosphate or osteogenic media, Hao et al® demon-
strate that interleukin-29, which is known to activate
the Janus kinase—signal transducer and activator of
transcription signaling pathway,? promotes osteogenic
differentiation and calcification. Conversely, Hao et al®
showed that small-molecule inhibitors antagonizing in-
terleukin-29 and its downstream Janus kinase—signal
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transducer and activator of transcription-3 signaling
pathway attenuate these processes. Although pre-
sumably from the inflammatory cells, it would be of
great interest to identify the source of interleukin-29.

The Janus kinase-signal transducer and activa-
tor of transcription signaling pathway is activated by
several other cytokines and growth factors,® and it
regulates many cell functions, including tissue re-
pair. Interleukin-29 is the most potent and abundant
proinflammatory cytokine belonging to the type IlI
interferon-gamma family, produced by maturing den-
dritic cells and macrophages.”'© Interestingly, interleu-
kin-29 has been shown to play a role in pro- as well
as anti-cancer effects by regulating proliferation and
apoptosis.'® A prior study, showing activation of sig-
nal transducer and activator of transcription-3 during
the spontaneous osteoblastic differentiation of vascu-
lar smooth muscle cells and induction by interleukins,
such as interleukin-6," is consistent with the findings
of Hao et al,® who further delineate the downstream
regulation of interleukin-29 on acceleration of vascular
smooth muscle cell calcification via induction of osteo-
genic markers, bone morphogenetic protein-2 (BMP-2)
and Runt-related transcription factor 2, and downreg-
ulating smooth muscle markers alpha-smooth muscle
actin and smooth muscle protein 22a.

Vitamin D Model

In this study by Hao et al,® and several others, rodents
treated short term with high doses of vitamin D have
been used as a model to study the mechanisms of
VC. This model has been questioned on the basis that
hypervitaminosis D may induce calcification through
an entirely different mechanism, and over a longer
time scale than operates in human calcific disease. For
instance, inflammatory cells are not usually described
in such models. The present finding of Hao et al,® that
the inflammatory cytokine interleukin-29 has an in vivo
role in this model, suggests that at least 1 inflammatory
cytokine may be involved.

Mechanical Considerations

Ectopic calcification is a natural component of
tissue injury response. For instance, it is activated
in tuberculosis, foreign body reactions, breast
cancer, and helminthic parasitic diseases. This may
represent an ultimate form of immune defense, where
unwelcome organisms and objects that resist acute
and chronic conventional humoral and cellular immune
defenses may be eventually subject to containment
by a wall of ectopic bone mineral. Thus, on a plain
film, a hydatid cyst on radiograph may look like an
ostrich egg, and the parasite may be destroyed by
loss of nutrients. In the artery wall, accumulations
of partially oxidized lipid nanoparticles (low-density

J Am Heart Assoc. 2023;12:e028358. DOI: 10.1161/JAHA.122.028358

Interleukin-29, Inflammation, and Vascular Calcification

lipoprotein) may closely resemble bacterial organisms
that have resisted conventional immune defenses, and
vascular calcification may represent an incomplete and
unsuccessful effort of the surrounding cells to produce
enough mineral to encompass the lipid deposits.
Unfortunately, the presence of rigid mineral deposits
within the soft tissue concentrates the ordinary
circumferential and longitudinal mechanical stresses,
which may result in debonding because of compliance
mismatch. This separation of the mineral from the
soft tissue may result in intraplaque or intramural
hemorrhage or plaque rupture, any of which can cause
myocardial infarction.

Potential Anti-Inflammatory Therapeutics

Some treatments that block inflammatory pathways
and cytokines have been reported to ameliorate
cardiovascular events, such as the anti-inflammatory
colchicine as well as inhibitors of tumor necrosis
factor-alpha and interleukin-1-beta, but not low-dose
methotrexate.”'®* However, none of these clinical
studies has identified the cardioprotective effect as
attributable to any action on VC. It is possible that the
effects of anti-inflammatory agents are independent
of VC, or are despite promotion of VC, For example,
anti-inflammatory agents may confer their benefit
by preventing plaque rupture through prevention
of inflammatory cell infiltration and their release of
destructive metalloproteinases in the fibrous cap.
Alternatively, they may confer cardioprotective benefits
despite promoting calcification, such as with statins,
which are known to have anti-inflammatory effects
and reduce cardiovascular events, but concurrently
accelerate progression of coronary artery calcification.

Potential Other Therapeutics

Some approaches are available to directly block VC
without affecting inflammation. Potential targets include
both positive and negative regulators of calcification
that are produced by vascular cells—the positive ones,
including tissue nonspecific alkaline phosphatase,
BMP-2, Runt-related transcription factor 2; and the neg-
ative including klotho, matrix gamma-carboxyglutamic
acid protein, pyrophosphate, and osteoprotegerin.!
Deficiency of klotho leaves the master osteoinductive
transcription factor BMP-2/Runt-related transcription
factor 2 signaling pathway unopposed, thus driving
calcification.’® Predicting the outcome of treatment
with inhibitors is complicated by the negative feedback
mechanisms involved in the signaling processes, es-
pecially with respect to BMP-2."7 Therapies targeting
these regulatory factors are still under investigation, but
they have not yet been shown to slow VC progression
in humans. For instance, vitamin K supplementation
has been proposed as a treatment on the basis of 3
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lines of evidence: Vitamin K activates matrix gamma-
carboxyglutamic acid protein, which is a known inhibi-
tor of BMP-2; the matrix gamma-carboxyglutamic acid
protein—deficient mouse develops extensive vascular
calcification; and warfarin, a widely used anticoagu-
lant that blocks vitamin K activation of matrix gamma-
carboxyglutamic acid protein, accelerates VC.'®
Unexpectedly, double-blinded clinical trials of vitamin K
supplementation failed to hinder progression of aortic
valve calcification in patients with aortic stenosis'® or of
VC in patients with chronic kidney disease.'® Another
potential therapeutic approach under investigation is
inhibition of tissue nonspecific alkaline phosphatase. In
the preclinical animal model, apolipoprotein E7~ mice,
a small-molecule inhibitor of tissue nonspecific alkaline
phosphatase was shown to prevent atherosclerotic cal-
cification without impacting skeletal bone; in addition, it
reduced atherosclerosis and serum levels of cholesterol
and triglycerides by decreasing dephosphorylation of
phosphocholine in the liver.2°

VC is associated with substantial morbidity and
mortality, yet there is insufficient evidence of causality
to ensure that blocking it would prevent cardiovascu-
lar events any more than correcting earlobe creases
would.?! Development of agents that prevent or reverse
cardiovascular calcification will be important for deter-
mining the true consequences of VC, but their use as
therapeutic agents may need to wait for establishment
of a causal link to cardiovascular events and for exclu-
sion of potential adverse effects on skeletal bone.
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