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Abstract: Secreted frizzled-related proteins (Sfrps) are a family of secreted proteins that

bind extracellularly to Wnt ligands and frizzled receptors. This binding modulates the Wnt
signaling cascade, and Sfrps interact with their corresponding receptors. Sfrps are thought to
play an important role in the pathological mechanism of cardiac disease such as myocardial
infarction, cardiac remodeling, and heart failure. However, the overall role of Sfrps in

cardiac disease is unknown. Some members of the Sfrps family modulate cellular apoptosis,
angiogenesis, differentiation, the inflammatory process, and cardiac remodeling. In this
review, we summarize the evidence of Sfrps association with cardiac disease. We also discuss
how multiple mechanisms may underlie Sfrps being involved in such diverse pathologies.
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Introduction

Secreted frizzled-related proteins (Sfrps) were
initially and independently identified as soluble
factors that act as extracellular signaling ligands
and as modulators of apoptotic events (prosur-
vival effects); Sfrps are also implicated in early
embryonic development.!»> The Sfrps family has
now been implicated in diverse and complicated
cellular processes related to the dose and type of
Wnt ligands, cells, and tissue and environmental
cues in cardiovascular disease. However, the pre-
cise mechanisms of these processes are more
complicated than previously thought and remain
controversial.

Sfrps were the first Wnt antagonists to be identi-
fied that modulate the Wnt signal transduction
pathway (Figure 1).3> Wnt signaling plays an
important role in cell proliferation, differentia-
tion, and death during normal developmental
processes.!”> Most secreted Wnt proteins are
bound to extracellular matrix glycosaminogly-
cans, suggesting that these proteins might act as
short-range autocrine and paracrine signaling
molecules. Wnt signaling is divided mainly into
[-catenin dependent (canonical) and B-catenin
independent (noncanonical) pathways. The -
catenin independent pathway comprises nonca-
nonical planar cell polarity and the Wnt/Ca?*

pathways. However, recent evidence has shown
that crosstalk and interaction occur among these
pathways.> Wnt antagonists can be divided into
two classes on the basis of their mechanisms of
action. The first class includes the Sfrps family,
Wnt inhibitory factor-1, and Cerberus. Wnt
antagonists belonging to this class can bind to
Wnt proteins and block all Wnt signaling path-
ways. The second class consists of members of
the Dickkopf family, which bind to Wnt core-
ceptors and lipoprotein receptor-related protein
5/6, and inhibit only the canonical B-catenin
pathway.

On the basis of sequence homology, the Sfrps
family can be divided into two groups. Sfrpl,
Sfrp2, and Sfrp5 form one group, while Sfrp3
and Sfrp4 form the other.> The Sfrp gene pos-
sesses a cysteine-rich region that is similar to a
cysteine-rich region present on the frizzled recep-
tor. These regions share 30-50% sequence
homology with the ligand binding cysteine-rich
domain (CRD) of the frizzled protein. This
shared sequence homology between the frizzled
and Sfrps CRDs suggests that binding of Wnt to
the Sfrps CRD may be responsible for inhibiting
Wnt activity in the extracellular compartment.®
Consistent with this notion, evidence has shown
that the CRD of Sfrps is necessary and sufficient
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Figure 1. Overview of Sfrps and Wnt signaling and their corresponding receptors. Binding of secreted Wnt
factors to frizzled receptors on the cell membrane transduces a signal to the APC, Axin, and GSK-3p complex,
which inhibits phosphorylation and degradation of B-catenin. B-catenin then accumulates in the cytoplasm and
can translocate to the nucleus, where it interacts with TCF/LEF and other families of transcription factors to
regulate expression of target genes. Sfrp mediates inhibition of Wnt, and binds to Wnt and frizzled receptors.
This then causes phosphorylation, followed by ubiquitylation of $-catenin, priming it for proteosomal
degradation. Inhibitory proteins of the sclerostin and Dkk families that are bound directly to lipoprotein
receptor-related protein 5/6 can also inhibit Wnt signaling. G proteins of the Rho/Rac/cdc42 and Gag families,
and intracellular calcium and cytoskeletal signals use transcription factors of nuclear factor of activated T
cells, USF, and Jun/AP1 to convey these noncanonical signals. Dvl platform proteins contribute to canonical
and noncanonical pathways. Sfrps interact with their corresponding receptors (e.g. FrzA subsequently

increases GSK-3pB and B-catenin).

Ap1, activator protein 1; APC, adenomatous polyposis coli; Dkk, Dickkopf; Dvl, Disheveled; GSK-3p, glycogen synthase
kinase-3p; Jun, Jun proto-oncogene; Sfrps, secreted frizzled-related proteins; TCF/LEF, T cell factor/lymphoid enhancer

factor; USF, upstream stimulatory factor.

for interaction with Wnt proteins or their corre-
sponding receptors.%? Sfrps may interact with
Wnt ligands through their CRD domain, thus
antagonizing Wnt signaling. The CRD of Sfrps
might also interact with frizzled receptors to form
nonfunctional complexes, thereby interfering
with the Wnt signaling pathway. Structurally,
other than the CRD, a C-terminal netrin-like
domain (NTR) of Sfrps was also reported to
interact with Wnt ligands.8° It is interesting that
different domains of Sfrps have opposing regula-
tory effects on Wnt signaling.1©

Sfrps have also been shown to interact with mol-
ecules unrelated to Wnt pathways. For example,
Sfrpl binds to, and inhibits, the activity of the
receptor activator of nuclear factor (NF)-xB
ligand (RANKL), which is a member of the tumor
necrosis factor (TNF) family involved in osteo-
clast formation.!! Sfrp2 specifically binds to tol-
loid metalloproteinases and regulates procollagen
processing.12

In cardiovascular disease, Sfrps also interact with
the Wnt signal transduction pathway and the
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others such as NF-kB signaling. This interaction
promotes myocardial survival and repair, reduc-
ing the infract size,!%14 and favoring angiogene-
sis.1> More importantly, inhibition of Sfrps
alleviates inflammation, collagen deposition, and
fibrosis in healed cardiac tissue, and predicts car-
diovascular outcome in patients with stable coro-
nary artery disease on treatment.16-17

In this review, we summarize evidence of Sfrps in
modulating cellular apoptosis, differentiation, the
inflammatory process, angiogenesis, and cardiac
remodeling in cardiovascular disease. We also
discuss multiple mechanisms that may explain
how Sfrps involved in such diverse pathologies.

Sfrps improve cardiac function by
modulating cellular pathophysiological
progress

Apoptosis of cardiomyocytes

Apoptosis of cardiomyocytes plays an important
role in pathological progress of cardiovascular
disease, especially in myocardial infarction (MI).
In such situations, nonregenerative myocardial
cells are lost, resulting in nonmyocardial cell acti-
vation. This activation then causes cardiac inflam-
mation and fibrosis, which is termed cardiac
remodeling. Reducing apoptosis of cardiomyo-
cytes is a promising way to treat MI and heart
failure. Multiple proteins of the Sfrps family have
been reported to be associated with this process.

Sfrp1 can inhibit the apoptosis of cardiomyocytes
in appropriate situations. Glycogen synthase
kinase-3f (GSK-3p) is a downregulator of Wnt
signaling, which is modulated by Sfrpl when
binding to its receptor FrzA (Figure 2a).
Compared with wild-type mice, FrzA transgenic
mice with MI show a larger infarct size and worse
cardiac function, which is mediated by activation
of GSK-3f.18 However, Barandon and colleagues
showed that overexpression of FrzA in mouse can
reduce infarct size and improve cardiac func-
tion.!° These effects were associated with a
decrease in B-catenin and attenuation of Wnt
signaling.1%:20 However, these effects may also be
indirect because inflammatory activation [e.g.
interleukin (IL)-6 and IL-8] was decreased in the
FrzA-Tg mouse.!° Global overexpression of Sfrp1
can improve cardiac function, reduce infarct size
and cardiac rupture post-MI.2! Interestingly, a

cardiac conditional expressing Sfrpl (specifically
overexpressing in cardiomyocytes) was associated
with a larger infarct size and worse cardiac func-
tion in transgenic mice during ischemic precondi-
tioning.?2! In transverse aortic constriction
(TAC)-induced heart failure model, Sfrpl was
also proven to attenuate cardiac dysfunction by
inhibiting apoptosis mediated by Wnt signaling
pathway activation.?2 However, Sfrp1 also poten-
tiates Wnt signaling by binding directly to the
frizzled receptor under certain circumstances.??
Another recent study showed that, in a rat model
of doxorubicin-induced cardiotoxicity, Sfrpl has
a biphasic effect on cardiomyocyte apoptosis in a
cellular location-dependent manner.2* These
inconsistent results suggest that the effects of
Sfrpl on cardiomyocyte apoptosis may be differ-
ent in different pathophysiological processes and
cellular circumstances.

Sfrp2 is also reported to exert an inhibitory effect
on cardiomyocyte apoptosis. In Akt-modified
mesenchymal stem cells transplantation, Sfrp2 is
the key stem cell paracrine factor that promotes
myocardial survival and repair after ischemic
injury, mediated by modulating Wnt signal-
ing.13:14 Zhang and colleagues also reported that
Sfrp2 was released from MSCs, bound to Wnt3a,
and then decreased cellular caspase activity in a
MI model.?5 These studies suggested that the
antiapoptosis effect of Sfrp2 was mediated by
inhibition of the B-catenin/TCF transcriptional
activities induced by Wnt3a. However, in cardio-
myocytes treated with Sfrp2, the expression of
Birclb (an antiapoptotic gene) was upregulated,
accompanied by an increase in total and nuclear
B-catenin, indicating activation of the canonical
Wnt/pB-catenin pathway!® (Figure 2a). Therefore,
it seems that Sfrp2 also has biphasic effect on
Wnt signaling pathways in cardiomyocytes.
Actually, although Sfrp2 has generally been con-
sidered as an antagonist of the canonical Wnt/p-
catenin pathway, more and more studies have
found that Sfrp2 can also enhance Wnt-mediated
signaling in different cell types.2%27 The underly-
ing mechanisms of Sfrp2 in activating Wnt/p-
catenin signaling have not been fully elucidated.
It was proposed that Sfrp2 can form complexes
with both Wnt ligands and frizzled receptor
through differential domain binding, or modulate
signaling pathways mediated by frizzled receptor
independent of Wnt ligands.?8 Undoubtedly, fur-
ther studies are urgently needed to explore the
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Figure 2. Potential mechanisms of how Sfrps modulate cellular apoptosis, angiogenesis, differentiation,
inflammatory process, and cardiac remodeling. (a) Sfrps inhibit apoptosis via a variety of pathways, including
classic Wnt signaling (GSK3B, B-catenin), inflammation-induced apoptosis, such as NF-xB, IL6, and IL8, and
interaction with the antiapoptotic protein Bcl-xL, Bcl-2, etc., and the Fas pathway. Sfrp4 might regulate both
Wnt signaling and the Akt pathway. (b] Sfrps enhance spreading, migration, and organization of vascular
endothelial cells, and increase release of growth factors (VEGF, hepatocyte growth factor) and cell density,
thus promoting formation of a capillary network. However, in an antiproliferation role, Sfrps bind to cyclins to
impair angiogenesis. (c] When Sfrps block c-myc and cyclin D1, expression of cardiac genes, and, subsequently,
cardiogenesis and differentiation of cardiomyocytes, is promoted. Canonical and noncanonical Wnt pathways
are indispensable in embryonic cardiogenesis and cardiac rehabilitation. (d, e) Sfrps negatively regulate
activation of leukocytes and cardiac fibroblasts, and infiltration of neutrophils. This regulation is achieved by
mediating Wnt signaling, tolloid-like metalloproteinase, TGF-B1, and calcium channels [PMCA4). This process
reduces overproduction of ECM proteins and ameliorates ventricular remodeling and heart failure.

ECM, extracellular matrix; GSK-3, glycogen synthase kinase-3p; NF-«kB, nuclear factor kB; PMCA4, plasma membrane
calcium ATPase 4; Sfrps, secreted frizzled-related proteins; TCF/LEF, T cell factor/lymphoid enhancer factor; TGF-B1,
transforming growth factor 1; USF, upstream stimulatory factor; VEGF, vascular endothelial growth factor.
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exact mechanisms of Sfrp2 on the Wnt pathway
under different cardiovascular pathophysiological
conditions.

In addition to the canonical Wnt signal, previous
studies have indicated an antiapoptotic role for
Sfrp2 in mediating cellular resistance to ultravio-
let- and TNF-induced apoptosis in other mam-
malian cell lines through other signaling pathways,
such as NF-«B activation or JNK suppression
(Figure 2a).2:29:30

Sfrp3 and Sfrp4 are increased in volume-overloaded
human hearts.3! Sfrp3 and Sfrp4 are expressed
in cardiomyocytes, and upregulated expression
correlates positively with mRNA expression of
the pro-apoptotic Fas/Fas-antagonist ratio, but
inversely with expression of antiapoptotic genes
Bcl-xL and B-catenin. Sfrp3 and Sfrp4 might also
bind to frizzled receptors (Figure 2a).3! In a myo-
cardial ischemia/reperfusion injury model, knock-
down of Sfrp4 led to a reduction in Bax and
caspase 3, and upregulation of Bcl-2 and c-Myc in
cardiac tissue via activation of the AKT signal,32
finally decreasing the apoptosis of cardiomyocytes
(Figure 2a). However, whether the effects of
Sfrp3 and Sfrp4 on cardiomyocytes are associ-
ated with the Wnt pathways remains unknown.
Recently, Deng and colleagues revealed that
serum Sfrp3 levels were higher in aged mice than
in young mice,33:34 suggesting that Sfrp3 may be a
novel biomarker of aging. Whether the increase in
Sfrp3 accompanying ageing plays a role in apop-
tosis of cardiomyocytes, and further causes of
heart failure, remains unknown.

Angiogenesis

Formation of new vessels from a pre-existing vas-
cular network is a critical process in embryonic
development and contributes to pathologies
involving tissue repair, including MI. Recent evi-
dence indicates that Wnt signaling interacting
with Sfrps is important for vessel growth.35:36

Sfrpl is expressed in all cultured endothelial cell
populations. Sfrpl expression leads to robust ves-
sel formation in different angiogenic models (e.g.
tumor assays).3” Sfrpl and its receptor (FrzA)
have been detected at high levels during embryo-
genesis in the developing heart, adult aortic
endothelium and media, in the majority of vessels
in the cardiovascular system and in neovasculari-
zation after an ischemic event.3® Overexpression

of FrzA leads to an increase in capillary density,
lumen area, and muscularization in scars (Figure
2b).1° Additionally, FrzA can regulate vascular
cell growth by increasing migration, differentia-
tion, and organization of endothelial cells into
capillary-like structures.?® Sfrpl treatment can
increase endothelial cells spreading in the extra-
cellular matrix in neovascularization. Moreover,
Sfrp1 can interact with the Wnt receptors frizzled
4 and 7 in endothelial cells to activate Rac-1 in
cooperation with GSK-3f.4° However, Ezan and
colleagues reported that FrzA/Sfrpl overexpres-
sion, which caused impairment of the Wnt-frizzled
pathway, could control proliferation and neovas-
cularization during and after muscle ischemia,3®
which was achieved by reducing vascular cell pro-
liferation, as shown by decreased expression of
cyclin E, cyclin D1, and cdk2 activity (Figure 2b).
Another study also showed that overexpression of
Sfrp1 in bone marrow stem cells can increase cel-
lular density, but not capillary density in scars.?!

The inconsistency among these studies may be
explained by differences in host vascular cells
(endothelial cells and pericytes), which are
recruited in the angiogenesis process in two steps
(i.e. endothelial cells migrate and proliferate, and
pericytes are recruited), or to differences in
cytokine secretion [e.g. vascular endothelial
growth factor (VEGF)] attributable to differences
in the microenvironment. FrzA is able to exert
angiogenic effects on endothelial cells by inducing
their migration and organization into capillary-like
structures, and protecting them from apoptosis.3°

Sfrp2 also appears to be responsible for favoring
neovascularization.!>#2 Recently, a study showed
that Sfrp2 served as a novel angiogenic factor to
stimulate nuclear translocation of nuclear factor
of activated T cells in angiogenic responses*
(Figure 2b). This pathway is shared with other
stimulators of angiogenesis, such as VEGF. Sfrp2
blockade also increases myocardial levels of
VEGTF and hepatocyte growth factor along with
increased angiogenesis. In contrast, Sfrp4 has
recently been found to be an angiogenic inhibitor
by inhibiting endothelial cell migration and devel-
opment of sprouts and pseudopodia.** Sfrp4 also
disrupts the stability of endothelial rings in addi-
tion to inhibiting proliferation, inhibits angiogen-
esis by decreasing proliferation, migration, and
tube formation of endothelial cells.*> Sfrp4 antag-
onizes the canonical Wnt/B-catenin pathway and
blocks the effect of VEGF on endothelial cells.
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Furthermore, Sfrp4 also selectively induces apop-
totic events by increasing cellular levels of reac-
tive oxygen species (ROS) that harm formation of
angiogenesis. Therefore, Sfrp4 may have an
opposite effect on angiogenesis to other Sfrps
members.

Differentiation of cardiomyocytes

Understanding how to promote differentiation of
cardiomyocytes to replace damaged cardiomyo-
cytes and regenerate damaged heart muscle is an
exciting prospect and could greatly affect clinical
treatment of patients with heart disease. Wnt/B-
catenin activation is necessary for differentiation
of mesenchymal stem cells to osteocytes, chon-
drocytes, myoblasts, and adipocytes.*%47 Wnt/p-
catenin activation is also an important regulator
of heart development, and, particularly, of differ-
entiation of cardiomyocytes through particular
target genes, such as c-myc and cyclin D148
(Figure 2c). Notably, blockade of canonical
Wnt/B-catenin signaling during cardiac injury
reduces infarct size and induces differentiation of
adult stem cell antigen-1*a-myosin* cardiac pro-
genitors.4%50 Endogenous Sfrpl is expressed in
the differentiating myocardium during the later
stages, but not the early stages, of organogenesis.
Sfrp1 regulates cellular identity by allowing main-
tenance of cardiogenic gene expression of not
only markers for myocardial differentiation, but
also cardiogenic transcription factors.>!

Similarly, Sfrp2 gene expression plays an indis-
pensable role during embryonic stem cell differ-
entiation into myocardial cells by inhibiting the
disruption of a positive transcriptional auto feed-
back loop of Wnt3a in the late stage>? (Figure 2c¢).
Sfrp2 can also promote differentiation of cardiac
progenitor cells (CPCs) after ischemia-reperfu-
sion injury by modulation of canonical and non-
canonical Wnt signaling pathways. Sfrp2 inhibits
proliferation of CPCs and induces cardiac differ-
entiation by binding to Wnt6 and inhibiting the
following canonical pathway. In addition, Sfrp2
activates the noncanonical Wnt pathway by inter-
acting with JNK and inducing expression of car-
diac transcription factors and differentiation of
CPCs.>3 Interestingly, Sfrp2 is a direct target of
miR218, which mediates cardiac differentiation
through the canonical signaling pathway.>* More
evidence has shown that canonical signaling is
involved in retaining cardiac precursors in a pro-
liferative and precursor state, and noncanonical

signaling is involved in inducing cardiac differen-
tiation.3> This process needs to be studied further
in more detail.

Inflammation

The inflammatory response after MI plays a cru-
cial role in the healing process. This response
contributes to scar remodeling and deterioration
of ventricular function. Cardiac fibrosis has
adverse effects on left ventricular function.>5:56
Therefore, providing a therapeutic target for anti-
fibrotic events to inhibit or reverse ventricular
dysfunction is a promising treatment for heart
failure.

The Wnt/frizzled pathway may play a distinct role
in inflammation.*»57 Sfrpl overexpression in
stem cells transplanted to the heart reduces
postinfarction scar size, and a decrease in neutro-
philic infiltration in ischemic tissue, indicating
that Sfrpl might be involved in the inflammatory
process.*! Indeed, Sfrpl impairs activation of
cytokine amplification, and decreases activation
and recruitment of neutrophils into scars, without
altering the properties of neutrophils (Figure 2d).
In transgenic mice with overexpressed FrzA,
myeloperoxidase-positive cell infiltration in
infarcted areas (mainly polymorphonuclear cells)
was reduced significantly in the first week after
MI.1® Granulocytes adhere and migrate in
response to release of several cytokines, such as
IL-6 and IL-8 (Figure 2d).’® Another study
examined Sfrpl, which was not overexpressed in
endothelial cells or cardiomyocytes, but, in the
bone marrow, also exerts anti-inflammation abil-
ity.>® Sfrpl affects proliferation and recruitment
of leukocytes, but does not play a role in apopto-
sis of leukocytes, chemotactism, polarization, or
integrin expression. However, Sfrp1 significantly
impairs activation of leukocytes in response to
triggers (Figure 2d). In response to TNF-a, Sfrpl
significantly reduces i vitro expression of TNF-a
and IL-8, which are cytokines that contribute to
the pro-inflammatory response.69:61

Sfrpl also significantly reduces IL-6 expression
and increases expression of IL-10, which is a
potent anti-inflammatory cytokine. Furthermore,
Sfrp1 tends to decrease TNF-a and IL-1f expres-
sion. In wvitro, Sfrpl dramatically reduces IL-8
mRNA upregulation, specifically in neutrophils.!
However, the role of IL-10 in regulating postin-
farction inflammation remains controversial.®?
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In summary, Sfrpl can exert an anti-inflammatory
effect via targeting the Wnt signaling pathways.
Cardiovascular disease and heart failure have been
considered as a chronic inflammatory activation.
Recently, canakinumab, an interleukin-1 inhibi-
tor, was proved to reduce heart failure hospitaliza-
tion and heart failure-related mortality in a
dose-dependent manner.53:64 Whether Sfrpl can
be used as a novel anti-inflammatory target for car-
diovascular disease needs to be further explored.

Remodeling

Fibrosis of the heart, which is caused by overpro-
duction of extracellular matrix proteins by fibro-
blasts, has diverse negative functional consequences,
such as diastolic dysfunction in the heart. Fibrosis
of the heart also disrupts electrical conduction,
causing arrhythmias and heart failure. There is cur-
rently no precise therapy on the market that specifi-
cally treats the underlying cause of fibrosis.
Therefore, it is of great significance to explore new
therapeutic targets for myocardial fibrosis.

Cardiac fibroblasts play major roles in maintaining
homeostasis of the extracellular matrix.%> Cardiac
fibroblasts that lack endogenous Sfrpl show
increased a-smooth muscle actin expression, cell
proliferation rates, and collagen production. These
findings are consistent with the cardiac phenotype
in aged Sfrpl knockout mice. Loss of Sfrpl leads
to increased expression of Wnt ligands (Wntl, 3,
7b, and 16) and Wnt target genes (Wispl and
Lefl) in aged hearts, and increased -catenin pro-
tein levels?! (Figure 2¢). Upregulation of Wisp1 is
critical in fibrotic processes in the lungs and the
heart. Collagen 1 and 3 production is increased
not only in the heart, but also in primary cardiac
fibroblasts treated with Wisp1.96:67 These findings
suggest that Sfrpl plays a major role in cardiac
fibrosis and remodeling.%%:67 FrzA can also activate
recruitment and organization of myofibroblasts
and collagen deposition after MI. In the FrzA-Tg
heart, abundant myofibroblasts and collagen dep-
osition have been found in organized arrays in the
epicardium and endocardium, resulting in severe
deterioration of cardiac function.!®

Sfrp2 is a major fibrotic-related cytokine in the
heart (Figure 2e). However, the effect of Sfrp2 in
cardiac remodeling is still controversial. Sfrp2-
null mice exhibit reduced collagen deposition and
significantly improved cardiac function after MI.
Sfrp2 expression becomes greatly elevated after

onset of the fibrotic phase and remains signifi-
cantly elevated, which correlates with myocardial
fibrosis in the failing heart.!? An antibody-based
Sfrp2 blockade strategy reduced myocardial
fibrosis, increased angiogenesis, and improved
cardiac function in the failing hamster heart.3! In
contrast, other studies have shown that exoge-
nous Sfrp2 inhibits type I procollagen maturation
in primary cardiac fibroblast culture medium.
Injection of Sfrp2 protein into the infarct area of
the rat left ventricle inhibited MI-induced fibro-
sis, prevented anterior wall thinning, and signifi-
cantly improved cardiac function.®® Sfrp2 at a
therapeutic dosage has a strong antifibrotic effect.

As mentioned above, Sfrp2 may promote car-
diac fibrosis through procollagen C proteinase
activation of tolloid-like metalloproteinases, and
then promote collagen maturation and thicken-
ing, and fibrocalcification of the extracellular
matrix through tissue-nonspecific alkaline phos-
phatase!2%9 (Figure 2¢). Bone morphogenic pro-
tein 1 (BMP1)/Drosophila proteinase tolloid-like
metalloproteinases play major roles in maturation
and deposition of collagen in species ranging from
Drosophila to humans.’® Sfrp2 binds BMP1 mildly
through its frizzled domain, which enhances the
interaction between BMP1 and its substrate pro-
collagen, then promotes procollagen processing
and collagen deposition in the extracellular
matrix. BMP1 can also activate transforming
growth factor (TGF)-B1. Sfrp2 and TGF-1may
share a similar role in promoting fibrocalcification
of tissue. Sfrp2 activation of Wnt signaling was
required for TGF-B1 in cardiac fibroblasts to pro-
mote fibrosis in a rat MI model.”! Cardiac fibro-
blasts that lack plasma membrane calcium
ATPase 4 (PMCAA4) produce higher Sfrp2 levels,
which inhibit the hypertrophic response in cardi-
omyocytes (Figure 2e). In addition, treatment
with anti-Sfrp2 antibody abolishes the antihyper-
trophic effect of PMCA4 ablation in mice.”?

Therefore, Sfrp2 seems to regulate cardiac remod-
eling through multiple pathways such as TGF-p1
and Wnt signaling, with inconsistent results. These
controversial results may be caused by different
disease models, and different Sfrp2 concentra-
tions. Mastri and colleagues and Alfaro and col-
leagues show that high doses Sfrp2 (>6 ug/ml) can
effectively produce antifibrotic effects, while at
low doses (<1pg/ml), a profibrotic effect was
observed.*>”> More studies are needed to unveil
the exact mechanisms of Sfrp2 on cardiac fibrosis.
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Clinical application of Sfrps

Because Sfrps are secretory proteins, there is
interest in their clinical application as biomark-
ers for disease detection and risk stratification.
Ress and colleagues found that baseline systemic
Sfrpl levels were significantly higher in patients
with cardiovascular events, and that this pre-
cedes development of symptomatic athero-
sclerotic disease.’® Circulating Sfrp4 was also
increased in patients with coronary artery dis-
ease.3%75> However, this did not predict cardio-
vascular outcomes in patients with coronary
artery disease.!” Therefore, whether Sfrpl and
Sfrp4 are risk factors for cardiovascular disease,
or biomarkers caused by compensatory mecha-
nisms in patients with cardiovascular disease,
remains unknown. On the contrary, serum Sfrp5
was inversely associated with multiple risk fac-
tors for cardiovascular diseases and subclinical
target organ damage.”%77

In populations with heart failure (HF), the
Gruppo Italiano per lo Studio della Sopravvivenza
nell’Insufficienza Cardiaca-heart failure(GISSI-
HF) trial showed that baseline Sfrp3 concentra-
tion was significantly associated with all-cause
and cardiovascular mortality.”® However, the
Controlled Rosuvastatin Multinational Trial in
Heart Failure (CORONA) showed that patients
with intermediate serum Sfrp3 levels were associ-
ated with better prognosis than those with low or
high levels.”® These results again verified the
biphasic effects of Sfrps, which may depend on
their concentration, and reflect their complex
mechanisms of interaction.

Conclusions and perspectives

Current evidence indicates that Sfrps plays a dis-
ease stage-specific and dosage-specific role in the
pathogenesis of cardiovascular disease. At the
early stage of MI, Sfrps are secreted from many
cell types to antagonize the Wnt pathway. This
attenuates cellular apoptosis and the inflamma-
tory response, thereby contributing to cardiac
preservation. During progression of MI and heart
failure, Sfrps affect cellular apoptosis, differentia-
tion, angiogenesis, and cardiac remodeling.

Controversy remains regarding the effects of
Sfrps, especially on ventricular inflammation and
remodeling. Taking into consideration that Sfrps
play different roles at different stages, the com-
plex multiple steps of inflammation, and the

long-term progress of remodeling, inconsistent
outcomes among studies are not unexpected.

We have provided a comprehensive summary of
the roles of the Wnt antagonist Sfrps in cardiovas-
cular disease and the potential underlying mecha-
nisms. As discussed in this review, insight into the
roles of Sfrps in cardiovascular disease will help to
guide development of targeting strategies.
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