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Interleukin-10 stiffens the heart

Cardiac-resident macrophages are a diverse population of cells that have a critical role in the pathogenesis of heart failure. A
new understanding of communication between macrophages and cardiac fibroblasts could lead to novel therapeutic strategies
for heart failure with preserved ejection function.

In this issue of JEM, Hulsmans et al.
demonstrate that cardiac-resident MHC
I1"¢" macrophages have a pathogenic
role in heart failure with preserved ejec-
tion fraction (HFpEF) through their
IL-10 production. The profibrotic effect
of IL-10 autocrine loop promotes mac-
rophages to secret osteopontin (OPN)
and TGFp. These mediators activate car-
diac fibroblasts to produce collagen that
results in cardiac fibrosis and increased
cardiac stiffness.

An estimated 8.5 million Amer-
icans will have heart failure (HF) by
2030, and nearly half of them will have
HFpEF (Borlaug, 2014). The impaired
cardiac performance in HFpEF is a con-
sequence of an increased left ventricular
filling pressure caused by diastolic dys-
function. HFpEF is a life-threatening
clinical problem with a paucity of ther-
apies. General inflammatory markers
are increased in HFpEFE, indicating the
presence of systemic inflammation. It
has been shown before that the number
of cardiac macrophages increases after a
cardiac injury, such as myocardial infarc-
tion or myocarditis. In addition, myeloid
cells play a pathogenic role in cardiac re-
modeling and heart failure (Baldeviano
etal.,2010; Heidt et al.,2014). Hulsmans
et al. (2018) is the first study to examine
how cardiac macrophages contribute to
the pathogenesis of HFpEE

Hulsmans et al. (2018) examined
two murine models of HFpEE as well
as people with the disease. The first
model induces hypertension by com-
bining salty drinking water, unilateral
nephrectomy, and chronic exposure to
aldosterone (SAUNA). The majority of
patients with HFpEF have hypertension
(Valero-Munoz et al., 2016). The sec-
ond model utilizes physiologically aged
mice with impaired diastolic function.

A majority of people with HFpEF are
more than 60 yr old, and the pathology
of HFpEF resembles changes that appear
during normal cardiac aging (Borlaug,
2014). Hulsmans et al. (2018) found that
the number of macrophages in the heart
increased in both models and in hearts
of people with HFpEE This increase
in the number of cardiac macrophages
was accompanied by an increase in my-
elopoiesis and in the number of blood
monocytes migrating through CCR2
to the heart with HFpEE The authors
observed that cardiac macrophages are
predominantly MHCII"&
increased IL-10 production compared
with macrophages in a healthy heart.
IL-10 is a cytokine produced by many
leukocytes and stroma cells. It is import-
ant because of its antiinflammatory ac-
tivity but also has profibrotic potential.
Specific deletion of IL-10 from macro-
phages and monocytes using CX3CR 1
Cre crossed to IL-10 floxed mice re-
sulted in improvement of diastolic
function with reduced left ventricular
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end-diastolic pressure and improved
diastolic relaxation. IL-10 was deleted
from all monocytes/macrophages be-
cause there is no specific cardiac mac-
rophage marker that could be used for a
targeted deletion. An interesting twist is
that IL-10 does not directly act on car-
diac fibroblasts, which lack the needed
receptors, but has an autocrine effect on
cardiac macrophages and induced their
profibrotic phenotype. The IL-10-in-
duced profibrotic macrophages activate
the proliferation of myofibroblasts and
production of collagen, which then leads
to fibrosis-mediated cardiac stiffness.
One of the mediators in this interaction
between macrophages and fibroblasts
was identified as OPN. The production
of OPN was induced by IL-10 in mac-
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rophages by an autocrine manner (see
figure, part A). The IL-10 induction
of OPN as paracrine activator of car-
diac fibroblasts was confirmed by in
vitro co-culture of fibroblasts and mac-
rophages.  Similarly, macrophage-de-
rived TGFB can also activate cardiac
fibroblast. IL-10—deficient SAUNA
mice had an increased proportion of
MHCII®™ macrophages in their hearts.
MHCIT™ macrophages had higher
protease and metalloproteinase (MMP)
activity, as well as decreased expression
of OPN and TGFp (see figure, part B).
The IL-10 pathogenic effect in HFpEF
is especially interesting in light of a re-
port of IL-10 antiinflammatory action
on macrophages in various organs such
as intestines (Ip et al., 2017).

Healthy adult heart contains mostly
embryonically derived macrophages and
a smaller pool of macrophages replen-
ished from blood monocytes (Epelman
et al., 2014). Cardiac-resident macro-
phages expand by in situ proliferation
and by recruitment of blood monocytes
in homeostasis; however, after injury, the
uptake of monocytes from blood is the
main mechanism of increasing the num-
ber of macrophages in the heart (Le-
uschner et al., 2012). Cardiac-resident
macrophages are remarkably diverse.
They are defined as CD45" cells ex-
pressing CD11b and F4/80 and CD64.
Epelman et al. (2014) showed that four
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types of macrophages can be found in
the healthy heart based on expression of
CCR2, MHCII, and Ly6C. These cat-
egories replaced previously used M1/
M2 phenotypes because cardiac-resi-
dent macrophages are exposed to many
different stimuli in a complex tissue
environment and therefore do not fit
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well the in vitro defined M1/M2 phe-
notypes. Hulsmans et al. (2018) identify
MHCII"" macrophages as the source
of IL-10 active in autocrine loop and
the main producers of OPN and TGFp.
Their function is mostly profibrotic and
possibly  proinflammatory. MHCIT®Y
might favor matrix breakdown.

B. MHCII '© macrophage

MMPs [
proteases ][] //‘ >

% ':Er?m &
22 o S

ECP@'r‘bre_ak-fdbwn
O ;

) 8}
2

Monocytes

Neutrophils

(A) MHCII"9h cardiac-resident macrophage-derived IL-10 induces autocrine macrophage
differentiation toward a profibrotic phenotype. Profibrotic macrophages produce OPN. OPN
activates cardiac fibroblasts to promote collagen deposition, which results in fibrosis and

increased cardiac stiffness. (B) MHCII'™ macrophages contribute to extracellular matrix
breakdown by their MMP production. (C) Cardiac fibroblasts also affect myeloid cells
trafficking to the heart by secreting chemokines, cytokines, and growth factors, such as
CCL2, GM-CSF, and CCL11 after cardiac injury.
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This detailed phenotyping of res-
ident macrophages was preceded by
several papers showing different roles
of Ly6C"" and Ly6C"™ monocyte
subtypes in cardiac pathology (Nahren-
dorf et al., 2007; Panizzi et al., 2010). In
mice, Ly6C"e" CCR2"&" CX3CR1"Y
inflammatory subset is the main pro-
ducer of inflammatory cytokines and
chemokines, and it is the predominant
subset migrating to the heart after an
injury, followed by Ly6C'" CCR2""
CX3CR1""  patrolling monocytes.
Similar subsets can be found in humans,
where CD16~ CD14*CCR2" mono-
cytes have characteristics similar to
Ly6C™¢" monocytes,and CD16" CD14~
is an equivalent to Ly6C'" monocytes.
After a cardiac injury, inflammatory me-
diators act on the periphery, and increase
monocytopoiesis in the bone marrow
and spleen. Hulsmans et al. (2018) have
also shown this mechanism in mouse
models of HFpEE Chemokines such as
CCL2 are produced locally in the heart,
mostly by cardiac fibroblasts after a car-
diac injury and attract monocytes to the
injured heart (Wu et al., 2014). Ly6C""
monocytes differentiate to macrophages
in the heart. Together with the resident
macrophages, their profile is affected
by an interaction with cardiac-resident
cells, mainly cardiac fibroblasts. Cardiac
fibroblasts can produce large amounts of
granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) that determine
the severity of cardiac remodeling and
fibrosis in models of myocarditis, myo-
cardial infarction, and Kawasaki disease
by changing the profile of myeloid cells
in the heart (see figure, part C; Wu et
al., 2014; Stock et al., 2016; Anzai et al.,
2017). Interestingly, cardiac fibroblasts
can also produce CCL11 (eotaxin),
which attracts eosinophils to the heart in
the Th2 type of cardiac pathology in eo-
sinophilic myocarditis (see figure, part C;
Diny et al., 2016). Hulsmans et al. (2018)
also showed that IL-10 is produced not
only by macrophages but also by car-
diac fibroblasts, suggesting fibroblast
contribution to IL-10 conditioning of
macrophages. At the same time, cardiac
fibroblasts are a target of myeloid cell-
derived inflammatory mediators that



lead to activation of fibroblasts, induce
production of collagen, fibrosis, and car-
diac remodeling. Hulsmans et al. (2018)
identified OPN and TGEFp as the me-
diators produced by macrophages and
promoting collagen expression by car-
diac fibroblasts. MHCII"®" monocytes,
which are the main source of OPN and
TGEFp, are also a source of many other
inflammatory mediators. Further re-
search is needed to define the role of
myeloid cells and cardiac fibroblast in
heart failure.

There is no effective therapy for
HFpEE It is a clinical issue of high
importance, given that the incidence
of HFpEF in the United States has
grown by ~10% per decade, as the re-
sult of population aging, as well as the
increased incidence of the main risk
factors for HFpEE such as hyperten-
sion, obesity, and metabolic syndrome
(Owan et al., 2006). The pathophys-
iology of HFpEF used to be exclu-
sively linked with diastolic dysfunction.
However, we know now that there
are other pathophysiological changes
in the heart function, such as systolic
impairment
tropic reserve. In addition, peripheral
abnormalities affecting skeletal muscle,
endothelium, and autonomic nervous
system are part of HFpEF pathology.
Therefore, it is likely that HFpEF has a
range of pathways of development, and
it will be needed to identify subgroups
of patients with HFpEF for targeted
therapies. However, it is essential that a
large clinical study is done to follow up
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on this possible new pathogenic mech-
anism in HFpEER

Based on earlier findings that
HFpEF subjects have more collagen and
less MMP activity (Kasner et al., 2011),
we can speculate that if IL-10 produced
by MHCII™" macrophages is shown
to be also increased in larger and more
diverse populations of HFpEE, then bi-
ological therapies that would modify car-
diac macrophage phenotype and target
mostly the MHCII"®" subtype might de-
crease interstitial fibrosis and cardiac stiff-
ness, thereby addressing some symptoms
of HFpEE However, even MHCII"¢"
macrophages with their inflammatory
and profibrotic phenotype have import-
ant functions in the heart, especially in
an acute response to injury after myo-
cardial infarction and during myocar-
ditis. Systemic neutralization of IL-10
might be a safer and more realistic bi-
ological therapy. It could perhaps be
followed by a myeloid-specific targeting
of IL-10. Future research should also ex-
amine how changes in the profile of car-
diac-resident macrophages and cytokine
production affect cardiomyocytes be-
cause the increased stiffness observed in
HFpEF is considered to also be caused
by changes in cardiomyocytes.

ACKNOWLEDGMENTS

| am grateful to Xuezhou (Snow) Hou for her help with
preparing the figure.

| have received research funding from NIH/NHL
Bl (grants no. ROTHL118183 and ROTHL136586), AHA
(grant no. 17GRNT33700274), Sjégren's Syndrome
Foundation, and the Matthew Poyner MVP Memorial
Myocarditis Research Fund.

REFERENCES

Anzai, A., et al. 2017. J. Exp. Med. https://doi
.org/10.1084/jem.20170689

Baldeviano, G.C., et al. 2010. Circ. Res. https
://doi.org/10.1161/CIR CRESAHA.109
213157

Borlaug, B.A. 2014. Nat. Rev. Cardiol. https://
doi.org/10.1038/nrcardio.2014.83

Diny, N.L., et al. 2016. Eur. J. Immunol. https://
doi.org/10.1002/¢ji.201646557

Epelman, S., et al. 2014. Immunity. https://doi
.org/10.1016/j.immuni.2013.11.019

Heidt, T, et al. 2014. Circ. Res. https://doi.org
/10.1161/CIRCRESAHA.115.303567

Hulsmans, M., et al. 2018. J. Exp. Med. https://
doi.org/10.1084/jem.20171274

Ip, W.K.E., et al. 2017. Science. https://doi.org
/10.1126/science.aal3535

Kasner, M., et al. 2011. J. Am. Coll. Cardiol.
https://doi.org/10.1016/j.jacc.2010.10
.024

Leuschner, E, et al. 2012. J. Exp. Med. https://
doi.org/10.1084/jem.20111009

Nahrendorf, M., et al. 2007. J. Exp. Med. https
://doi.org/10.1084/jem.20070885

Owan, T.E., et al. 2006. N. Engl. ]. Med. https
://doi.org/10.1056/NEJMo0a052256

Panizzi, P, et al. 2010. J. Am. Coll. Cardiol. https
://doi.org/10.1016/j.jacc.2009.08.089

Stock, A.T., et al. 2016. J. Exp. Med. https://doi
.org/10.1084/jem.20151853

Valero-Mufoz, M., et al. 2016. Circ Heart Fail.
https://doi.org/10.1161/CIRCHEART
FAILURE.115.002724

Wu, L., et al. 2014. J. Exp. Med. https://doi.org
/10.1084/jem.20132126

381



