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Cardiac myosin binding protein-C (cMyBP-C) is a sarcomeric thick filament protein in cardiomyocytes. Its
functions extend beyond cross-bridge regulation via dynamic phosphorylation to include sarcomere organization.
Diminished cMyBP-C phosphorylation is associated with impaired cardiac function and the development of heart
failure. Throughout the past decade, cMyBP-C has emerged as a new early cardiac biomarker for acute
myocardial infarction (MI) due to its rapid release and clearance compared to cardiac troponin. In veterinary
medicine, cMyBP-C remains a less understood biomarker. Recent studies suggest that genetic variations in
cMyBP-C are related to hypertrophic cardiomyopathy (HCM) in cats, a common cardiac disorder defined by
increased left ventricular (LV) thickness and diastolic dysfunction. Nevertheless, the role of circulating plasma
cMyBP-C levels in feline HCM remains unestablished, representing a critical gap in veterinary cardiology research.
Given the progressive nature of feline HCM and the lack of highly specific early biomarkers, plasma cMyBP-C
could serve as a valuable tool for early detection and disease monitoring. This review presents a comprehensive
analysis of the physiological and pathological roles of cMyBP-C in cardiac function, its association with
cardiovascular diseases, the dynamics of its circulating levels, and the factors regulating its release. These
insights highlight the potential of cMyBP-C as a promising early biomarker for diagnosing and monitoring feline
hypertrophic cardiomyopathy.
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INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is the most common myocardial
disease in felines, affecting approximately 10-15% of the pet cat population. It is
recognized by either diffuse or localized thickening of the left ventricular (LV) wall,
accompanied by a non-dilated LV chamber (Riesen et al., 2007; Payne et al., 2015;
Luis Fuentes et al., 2020). HCM is a silent but life-threatening disease (Ferasin and
DeFrancesco, 2015; Pace, 2020) that poses significant challenges for early
detection in cats (Luis Fuentes et al., 2020; Pace, 2020). Consequently, therapy for
cats with preclinical feline HCM is often delayed, resulting in a missed opportunity
to mitigate disease progression and prolong survival. This delay increases the risk
of sudden, unexpected deaths, leaving owners devastated by the loss of their pets
(Pierce et al., 2017; Tantisuwat et al., 2018). Therefore, identifying novel early
diagnostic tools is crucial to improving treatment strategies, prognosis, and
disease prevention for subclinical feline HCM.

cMyBP-C was initially recognized as a candidate biomarker for myocardial
injury through proteomic analysis of proteins discharged into the coronary effluent
during myocardial infarction, a discovery made in the early 2000s (Jacquet et al.,
2009). This study demonstrated that the cardiac-specific isoform of myosin-binding
protein C undergoes substantial alterations following ischemic injury and can be
detected in the plasma of animal models with acute Ml (Jacquet et al., 2009). Many
published studies in human medicine have demonstrated that circulating cMyBP-
C can be used as a diagnostic test for cardiovascular diseases, including
myocardial injury/infarction, heart failure, and cardiomyopathy (Heather et al.,
2011; Govindan et al.,, 2012; EI Amrousy et al., 2017). These investigations
demonstrate a notable elevation in circulating cMyBP-C levels in individuals with
heart iliness relative to healthy controls (Heather et al., 2011; Govindan et al., 2012;
El Amrousy et al., 2017). Therefore, cMyBP-C may also have potential as a
diagnostic and prognostic biomarker for feline HCM. However, to date, plasma or
serum cMyBP-C levels in felines with HCM have not been well investigated in
veterinary medicine. Further research is needed to determine the clinical utility of
plasma cMyBP-C as a biomarker for early diagnosis, disease monitoring, and
prognostic assessment in feline HCM. Establishing cMyBP-C as a reliable
biomarker could provide a non-invasive and accessible diagnostic tool, facilitating
timely intervention and potentially improving clinical outcomes for affected cats.

WHAT IS THE CARDIAC MYOSIN BINDING
PROTEIN-C?

Myosin binding protein-C (MyBP-C) is a sarcomeric thick filament protein
that is part of the intracellular immunoglobulin and fibronectin superfamily, located
in the cardiac and skeletal muscles of vertebrates (Lin et al., 2018), which was first
discovered 30 years ago as a contaminant during myosin preparation (Offer et al.,
1973). It includes three isoforms: slow skeletal (ssMyBP-C), fast skeletal (fsMyBP-
C), and cardiac (cMyBP-C), which are encoded by the MYBPC1, MYBPC2, and
MYBPC3 genes, respectively. (Lin et al., 2018). The ssMyBP-C and fsMyBP-C are
expressed mainly in adult skeletal muscle tissue, whereas cMyBP-C exists only in
cardiac tissue (Jacquet et al., 2009; Lin et al., 2018). cMyBP-C is a single
polypeptide of molecular weight 135+15 kDa and distinguished from the skeletal
isoforms by the presence of an additional immunoglobulin domain at the N-
terminus (CO0), phosphorylation motifs in the M domain (between C1 and C2), and
an inserted loop of 28 residues within the C5 domain (Gautel et al., 1995) (Figure
1A).
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Figure 1 Three isoforms of myosin-binding protein C (MyBP-C) and their structural variations (A).
Each MyBP-C isoform contains a proline-alanine (P/A)-rich region near the N-terminus, three
fibronectin type lll domains (depicted as rhombuses), and seven immunoglobulin domains
(represented as hexagons). The cMyBP-C differs from the skeletal isoforms by the presence of
an additional CO domain (orange hexagon), a phosphorylation motif located at the M domain (red
vertical band), and a 28-residue cardiac-specific insert within the C5 domain (red vertical band).
Additionally, both the cardiac and fast skeletal isoforms share a conserved ‘linker’ region that
connects the C4 and C5 domains (red horizontal bar). Cardiac myosin binding protein-C (cMyBP-
C) has three key phosphorylation sites in the M-domain (S273, S282, and S302; mouse
sequence), which can be targeted by various kinases (B). Protein kinase A (PKA) can
phosphorylate all three sites on cMyBP-C. Protein kinase C (PKC) targets both S273 and S302,
while Ca?*/calmodulin-dependent kinase Il (CaMKII) targets S282. The overall effect of cMyBP-
C phosphorylation is the reduction of its binding to both actin and myosin, thereby promoting
increased rates of cross-bridge formation and enhancing cardiac contractility. Adapted from
(Main et al., 2020). cMyBP-C; cardiac myosin-binding protein C, ssMyBP-C; slow skeletal
myosin-binding protein C, fsMyBP-C; fast skeletal myosin-binding protein C.

PHYSIOLOGICAL ROLES OF THE CARDIAC
ISOFORM OF MYOSIN BINDING PROTEIN-C IN
THE HEART

In the sarcomere, cMyBP-C is situated within the C-zone of the A-band,
where it is arranged into two groups, divided by the bare H-zone (Figure 2A)
(Barefield and Sadayappan, 2010). Structurally, cMyBP-C interacts with various
components of the sarcomere: it attaches to the S2 area of myosin and actin at the
C1-M-C2 domains, to the light meromyosin of myosin at the C10 domain, and to
titin at the C8-C10 domains (Figure 2B) (Sadayappan and de Tombe, 2012).
cMyBP-C plays a crucial role in the regulation of cross-bridge formation through
dynamic phosphorylation. This process is mediated by several kinases, including
protein kinase A (PKA), protein kinase C (PKC), and Ca?*-calmodulin-dependent
kinase Il (CaMKII) (Figure 1B) (Barefield and Sadayappan, 2010; Main et al., 2020).
The principal regulatory region of cMyBP-C is the M domain, which plays a crucial
role in modulating muscle contraction. This domain contains multiple
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phosphorylation sites, a defining characteristic of cMyBP-C in cardiomyocytes
(Bezold et al., 2013).

Early studies in mouse, rabbit and chicken heart identified three key
phosphorylation sites in the M domain (Ser-273, Ser-282, and Ser-302, mouse
sequence), along with an additional site at Ser-307, which are phosphorylated by
PKA (Gautel et al., 1995; Mohamed et al., 1998; Barefield and Sadayappan, 2010).
After phosphorylation of cMyBP-C with PKA, the majority of thick filaments in rats
exhibited a relaxed state (Levine et al., 2001) that inhibits attachment to myosin,
altering the maximum Ca®*-activated force (Barefield and Sadayappan, 2010).
Furthermore, electron microscopy examination has demonstrated that the
phosphorylation of cMyBP-C induces the displacement of cross-bridges from the
thick filament backbone in rats (Weisberg and Winegrad, 1996), suggesting that
phosphorylation alters filament orientation and contractile mechanics (Barefield
and Sadayappan, 2010). However, in rats, the effects of PKA phosphorylation on
actomyosin ATPase activity are influenced by the specific isoforms of myosin heavy
chain present (Weisberg and Winegrad, 1998).

In rodent and chicken studies, unlike PKA, PKC phosphorylates only Ser-
273 and Ser-302 (Mohamed et al., 1998; Pyle et al., 2003; Xiao et al., 2007). In
bovine and rat studies suggested that PKC-mediated phosphorylation influences
the frequency of relaxation, cross-bridge cycling kinetics, and actomyosin Mg?*-
ATPase activity (Lim et al., 1985; McClellan et al., 1994; Barefield and Sadayappan,
2010). In addition, CaMKII directly phosphorylates cMyBP-C at multiple sites in the
chicken heart (Schlender and Bean, 1991). In vitro studies have proposed a
hierarchical phosphorylation pattern, where CaMKII-mediated phosphorylation at
Ser-282 is necessary for the following phosphorylation of PKC-targeted sites (Ser-
273 and Ser-302) (Schlender and Bean, 1991; Gautel et al., 1995; McClellan et al.,
2001) . Since Ca** signaling modulates myocardial contractility, CaMKII activation
may selectively phosphorylate Ser-282 (Hartzell and Glass, 1984; Gautel et al.,
1995), altering thick filament structure and cardiac contractility in the rat heart
(McClellan et al., 2001). However, the precise physiological implications of CaMKII
phosphorylation on cMyBP-C function in vivo have not been fully elucidated
(Barefield and Sadayappan, 2010).

The phosphorylation state of the M domain directly influences the binding
between cMyBP-C, myosin, and actin. In humans, rabbits, and bovine studies,
upon phosphorylation of cMyBP-C, its C1-M-C2 domains dissociate from the
myosin S2 region and actin, allowing interaction with thin filament proteins,
including actin and a-tropomyosin (Gruen et al., 1999; Shaffer et al., 2009).
Conversely, a rat study showed that when cMyBP-C is dephosphorylated, the C1-
M-C2 domains strongly associate with the myosin S2 region, restricting its
interaction with actin and subsequently modulating contractile force generation
(Figure 2B and 2C) (Kulikovskaya et al., 2003). This dynamic phosphorylation
mechanism indicates that cMyBP-C functions as a crucial regulatory component
in the modulation of myocardial contractility (Barefield and Sadayappan, 2010).
Furthermore, phosphorylation enhances actin and myosin interactions by either
reducing structural constraints on myosin or decreasing cMyBP-C binding to the
myosin S2 region, thereby facilitating closer actin-myosin proximity and increasing
cross-bridge cycling rates in mice studies (Flashman et al., 2004; Stelzer et al.,
2006; Stelzer et al., 2007; Tong et al., 2008).

Beyond its regulatory role in contractility, cMyBP-C is crucial for sarcomere
organization and normal cardiac function. A study in early embryonic chicken heart
rudiments showed that it contributes to myofibrillogenesis, ensuring proper
myofibril assembly and muscle cell regeneration (Ehler et al., 1999). These findings
highlight the significance of cMyBP-C in both structural integrity and dynamic
regulation of the myocardium, further underscoring its potential role as a biomarker
for cardiac disease progression.
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Figure 2 A schematic diagram of the cardiac sarcomere and the arrangement of cMyBP-C is
presented. The cardiac sarcomere represents the fundamental contractile unit of striated cardiac
muscle, bounded by two adjacent Z-lines. Within the sarcomere, key structural regions include
the I-band, A-band, H-zone, and M-line. The thick filament is primarily composed of myosin,
cMyBP-C, and titin, with cMyBP-C localized to the inner two-thirds of the A-band, specifically
within the C-zone. Notably, cMyBP-C is oriented perpendicularly to the long axis of the myosin
filaments, forming a distinct doublet pattern in the A-band, with two sets of 7-9 cMyBP-C bands
symmetrically positioned on either side of the H-zone. The thin filament consists of actin
monomers, troponins, and a-tropomyosin (A). cMyBP-C interacts with both the thick and thin
filaments: its C-terminus binds to the light meromyosin (C10 domain) of myosin and the C8-C10
domains of titin, while its N-terminus interacts with the myosin S2 region and actin. The M
domain, which is highly phosphorylatable, plays a critical role in regulating cross-bridge
formation. When dephosphorylated, the C1-M-C2 domains bind tightly to the myosin S2 region,
restricting its interaction with actin (B). In contrast, upon phosphorylation, the C1-M-C2 domains
and the M domain dissociate from their interactions with myosin S2 and actin, resulting in
structural alterations in the thick filament (C). However, the C1 domain remains associated with
actin, regardless of the phosphorylation status of the M domain. Adapted from (Barefield &
Sadayappan, 2010).

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s)and the source

ERINARY 1
ATIVE

ENCES B




ERINARY
ATIVE
ENCES

TEMPORAL DYNAMICS OF cMyBP-C IN BLOOD
CIRCULATION: RELEASE, CLEARANCE, AND
CIRCADIAN VARIATION

cMyBP-C has been acknowledged as a quickly releasable sarcomeric
protein, as demonstrated in an in vitro study using rat left ventricular tissue
(Govindan et al., 2012). Both intact cMyBP-C and its fragments were detectable in
the PBS solution within one second of incubation, with the release gradually
increasing over a 12-hour period (Govindan et al., 2012). Interestingly, full-length
cMyBP-C was present at all time points, but its levels decreased at 12 hours, which
coincided with the appearance of 40 kDa fragments (Govindan et al., 2012).

The kinetics of cMyBP-C release into circulation have been extensively
investigated in various models of acute cardiac injury, including M, alcohol ablation
for hypertrophic cardiomyopathy, and coronary artery bypass grafting (Govindan
et al., 2013; Kuster et al., 2014; Baker et al., 2015; Kaier et al., 2017; Alaour et al.,
2021). These studies consistently indicate that cMyBP-C is released in higher
quantities, at earlier time points, and is cleared more rapidly than cardiac troponins
(Baker et al., 2015; Kaier et al., 2017). For instance, in a pig Ml model, plasma
cMyBP-C levels began to rise from baseline at 3 hours, peaked at 6 hours post-
coronary ligation, and reached baseline levels again by 12 hours (Kuster et al.,
2014). In contrast, elevations in plasma levels of cardiac troponin (cTn) and myosin
light chain-3 were not observed until 6 hours after ligation (Kuster et al., 2014). The
more rapid decline of serum/plasma cMyBP-C levels compared to cTn may be
attributed to a combination of early release following myocardial injury, proteolytic
cleavage into smaller, more soluble fragments, and enhanced clearance (Decker et
al., 2012; Govindan et al., 2012; Kuster et al., 2014). However, the precise
mechanisms underlying cMyBP-C clearance have yet to be fully elucidated.

Similarly, in human MI patients, plasma cMyBP-C levels exhibited a rapid
decline within 12 hours following percutaneous transcoronary angioplasty
(Govindan et al., 2013). In addition, recent studies have identified a physiological
circadian rhythm in cMyBP-C levels, characterized by a gradual increase from the
early afternoon to the early morning, peaking at approximately 3:03 AM
(acrophase). In contrast, high-sensitivity cardiac troponin T (hs-cTnT) levels
displayed a delayed increase, peaking later at around 8:01 AM (Alaour et al., 2021).
However, the mechanisms underlying this rhythmic variation remain unclear.

Overall, cMyBP-C exhibits a faster rise-and-fall pattern in serum compared
to cTn, encompassing its release, accumulation, and clearance (Baker et al., 2015).
For example, cardiac troponin | follows a slower release profile, with detectable
elevations occurring 6-12 hours after Ml onset and a prolonged clearance phase,
persisting in circulation for over two weeks. In contrast, the more dynamic kinetics
of cMyBP-C suggest its potential utility as a timely and reliable biomarker for acute
cardiac injury (Govindan et al., 2013; Baker et al., 2015).

THE ROLE OF cMyBP-C IN CARDICA
PATHOLOGY: PHOSPHORYLATION,
DEGRADATION, AND FUNCTIONAL
IMPLICATIONS

A recent review highlighted the pivotal role of phosphorylation in regulating
the activity of cMyBP-C in both physiological and pathological conditions, drawing
insights from both mouse models and human studies. Dephosphorylation of
cMyBP-C has been implicated in its accelerated degradation and is associated with
the onset of heart failure (HF) (Barefield and Sadayappan, 2010). On the contrary,
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phosphorylation of cMyBP-C has been identified as a potential therapeutic target,
demonstrating protective effects against ischemia-reperfusion injury in a rat model
(Barefield and Sadayappan, 2010).

Over the past decade, increasing evidence has associated alterations in the
phosphorylation of heart contraction proteins with the pathogenesis of HF (Walker
et al., 2013). A previous study revealed that the phosphorylation activity of cMyBP-
C was significantly lower in the ischemic regions compared to non-ischemic areas
and sham controls, as demonstrated in a rodent model of Ml induced by coronary
artery ligation (Govindan et al., 2012). Consistent with human research, it has been
established that cMyBP-C undergoes significant deterioration during Ml and in HF,
with the release of its fragments as a direct consequence of cMyBP-C
dephosphorylation (Govindan et al., 2012).

Moreover, a previous study in humans and canines with HF demonstrated
that the ratio of Ser-282-cMyBP-C to total cMyBP-C in heart tissue was reduced
by more than 50% in humans with HF and by more than 40% in dogs with HF (EI-
Armouche et al., 2007). In addition, findings from a mouse model of HF revealed a
significant decrease in cMyBP-C phosphorylation during disease progression,
suggesting that dephosphorylation plays a pivotal role in contractile dysfunction
and HF pathogenesis (Sadayappan et al., 2005). Consistent with these findings, A
previous study in human hypertrophic cardiomyopathy has reported diminished
cMyBP-C phosphorylation in the end stages of HF (Jacques et al., 2008).
Moreover, research on low-flow cardiac ischemia and reperfusion injury in dogs
demonstrated that cMyBP-C dephosphorylation may trigger myofibrillar thick
filament disassembly, leading to impaired actomyosin cross-bridge formation and,
ultimately, contractile dysfunction (Figure 3) (Decker et al., 2005). A summary of the
cMyBP-C activity in pathological heart conditions has been shown in Table 1.

[ § cMyBP-C phosphorylation ]

v

Myofibrillar thick filament disassembly
Impaired actomyosin cross-bridge formation

4 cMyBP-C degradation

v

Release cMyBP-C’s fragments to the bloodstream

Figure 3 Schematic representation of the proposed pathway from cMyBP-C release to detection
as a biomarker in myocardial infarction (MI) and heart failure (HF). In Ml and heart failure HF,
decreased phosphorylation of cMyBP-C promotes myofibrillar thick filament disassembly and

impairs actomyosin cross-bridge formation, contributing to contractile dysfunction. The
dephosphorylated state also facilitates cMyBP-C degradation, leading to the release of its
fragments into the bloodstream, where they may serve as potential biomarkers of cardiac injury
and disease progression.
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Table 1 Summary of the studies reporting the activity of cMyBP-C in the pathological heart

Animal

Species
In vitro; 3-
day-old
NRVMs

In vivo; rats
heart

In vivo;
human
heart

Human
and canine
LV tissue

Mouse

Human
myocardium
(IVS)

Canine

Model Number of Major Findings Ref.
samples
Post- n=4 The phosphorylation status of cMyBP-C (Ser-273,  (Govindan et
hypoxia Ser-282, and Ser-302) was markedly reduced al., 2012)
event The decline in cMyBP-C phosphorylation,
associated with a reduction in intact cMyBP-C and
an increase in its fragments
Ml n=3 cMyBP-C phosphorylation was lower in ischemic
areas compared to normal areas of the Ml heart
The cMyBP-C fragments were only present in
ischemic LV tissue
ICM Donor = 11 cMyBP-C phosphorylation was decreased
HF Patients =15 compared to the donor
In HF and MI, cMyBP-C was degraded, and the
release of 40 kDa fragments was linked to cMyBP-
C dephosphorylation
HF Donor = 6 Phosphorylation levels of cMyBP-C are markedly (El-
Patients = 12 diminished in both humans and dogs with HF Armouche et
Dog =10 al., 2007)
Dog with HF =10
TAC NTG =6 cMyBP-C phosphorylation significantly decreases (Sadayappan
induced MyBP-C"t =7 during HF, IR injury, or pathologic hypertrophy et al., 2005)
hypertrophy MyBP-CWT =7 development
HF MyBP-CAIP- = 8 Increased dephosphorylation of cMyBP-C was
IR linked to impaired contractility and HF
HCM HCM =9 Pathological muscle had lower levels of cMyBP-C (Jacques et
HF HF =9 phosphorylation than donor muscle al., 2008)
donor =9 The reduction of cMyBP-C phosphorylation is not
associated with cMyBP-C mutations
Low-flow n=23 After IR injury, total phosphorylation of cMyBP-C (Decker et
ischemia was diminished al., 2005)

The percentage of dephosphorylated cMyBP-C
was negatively correlated with cross-bridge
frequency and segment shortening

NRVMs; neonatal rat ventricular myocytes, MIl; myocardial infarction, ICM; ischemic cardiomyopathy, HF; heart failure, TAC;
transverse aortic constriction, IR; ischemia-reperfusion, NTG; non-transgenic mice, MyBP-C"; transgenic mice expressing
<10% of normal cMyBP-C levels, MyBP-CWT; transgenic mice with that expressed normal cMyBP-C, MyBP-CA'P-; transgenic
mice with cMyBP-C phosphorylation sites mutated to non-phosphorylatable alanines, IVS; interventricular septum, HCM;
hypertrophic cardiomyopathy.

THE RELATIONSHIP BETWEEN CIRCULATING
cMyBP-C LEVELS AND HEART DISEASE

Feline hypertrophic cardiomyopathy (HCM) is the predominant heart
condition characterized by generalized or localized thickening of the LV wall with a
non-dilated LV chamber in cats (Luis Fuentes et al., 2020). The complex
pathophysiology of HCM remains incompletely understood. However, existing
reports indicate that the disease is associated with the disorganization of
cardiomyocytes, interstitial fibrosis, leukocyte infiltration, and vascular abnormality
(Kitz et al., 2019). In addition, myocardial infarction in feline HCM is thought to occur
due to coronary thromboembolic disease (Kittleson and Cote, 2021).

Despite preserved systolic function, cats with HCM exhibit increased
myocardial stiffness, leading to delayed relaxation and impaired diastolic filling,
which ultimately results in heart failure (Betocchi et al., 1993; Kittleson and Cote,
2021). Based on current evidence, circulating cMyBP-C has the potential to be a
candidate biomarker for feline HCM, as it is capable of accurately identifying
myocardial injury, infarction, hypertrophy, and heart failure in human studies.
However, it needs to be verified in the feline species.
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Myocardial injury/infarction and circulating cMyBP-C

levels

A previous in vitro study demonstrated that cMyBP-C exhibits high solubility,
susceptibility to proteolysis, and a tendency for facile release from the sarcomere
(Govindan et al., 2012). In addition, previous studies demonstrated that rats and
patients with myocardial infarction show significantly increased plasma cMyBP-C
compared to sham rats or healthy human controls (Govindan et al., 2012; Govindan
et al., 2013; Baker et al., 2015; Kaier et al., 2017; Kaier et al., 2019). Moreover,
humans and rats with post-MI showed a higher plasma cMyBP-C and its fragments
than plasma cardiac troponin | (cTnl) (Govindan et al., 2012). A previous in vitro
and in vivo study using rat models has demonstrated that cMyBP-C is released
from the myocardium at a rate comparable to that of cardiac troponin and can be
identified in peripheral blood (Baker et al., 2015). Moreover, a comparative analysis
of cMyBP-C levels with six established cardiac biomarkers of myocardial infarction
(Ml)—including myoglobin, carbonic anhydrase, creatine kinase-MB, cTnl,
glycogen phosphorylase, and heart-type fatty acid-binding protein—revealed a
substantial elevation in plasma cMyBP-C concentrations in myocardial infarction
patients (Govindan et al., 2013). Ml patients with elevated cMyBP-C levels also
exhibited significantly higher concentrations of myoglobin, carbonic anhydrase,
and creatine kinase-MB (Govindan et al.,, 2013). Conversely, plasma
concentrations of cTnl, glycogen phosphorylase, and heart-type fatty acid-binding
protein exhibited no significant alterations in Ml patients. Notably, a plasma
cMyBP-C concentration of 68.1 ng/mL demonstrated 66.2% sensitivity and 100%
specificity for diagnosing Ml (Govindan et al., 2013).

Moreover, cMyBP-C levels were markedly reduced in patients at 12 hours
post-percutaneous trans-coronary angioplasty (Govindan et al., 2013). When
compared to cTn for the early diagnosis of acute MI, a previous study has
demonstrated that cMyBP-C exhibits greater discriminatory ability than hs-cTnT
(Kaier et al., 2019). For patients presenting with chest pain (onset within 3 hours),
cMyBP-C exhibits higher sensitivity compared to hs-cTnT, as well as greater
specificity than both hs-cTn (T and I) at the 10 ng/L rule-out threshold (Kaier et al.,
2017). Similarly, in late presenters of chest pain, cMyBP-C exhibited higher
specificity than hs-cTn (T and I) at the rule-out threshold while preserving similar
sensitivity (Kaier et al., 2017). Furthermore, cMyBP-C demonstrated superior
accuracy in predicting acute MI, mortality, and the composite endpoint (Kaier et al.,
2017). A summary of studies investigating circulating cMyBP-C in association with
myocardial injury and infarction is presented in Table 2.

Heart failure and circulating cMyBP-C levels

Previous clinical studies have highlighted the potential of plasma cMyBP-C
as a biomarker for patients with HF (El Amrousy et al., 2017; EI-Moghazy et al.,
2020; Khatab et al., 2021; Kozhuharov et al., 2021). In children with acute HF,
elevated plasma cMyBP-C levels were associated with disease severity (El
Amrousy et al., 2017). A cutoff value of 45 ng/mL demonstrated 100% sensitivity
and 96% specificity for HF diagnosis (EI Amrousy et al., 2017). High plasma
cMyBP-C levels (152 ng/mL) were predictive of adverse outcomes in HF patients,
with 90% sensitivity and 93% specificity (El Amrousy et al., 2017).

In pediatric HF patients, plasma cMyBP-C has been shown to aid in both
diagnosis and prognosis, although with varying cutoff values and diagnostic
performance. For instance, in hospitalized children with HF, a cutoff value of 70
ng/mL showed a sensitivity of 69% and a specificity of 83% for diagnosis (Khatab
et al., 2021). However, no notable alteration in cMyBP-C levels was observed
before and after treatment in patients who did not survive, whereas those who
recovered exhibited a significant post-treatment decrease (Khatab et al., 2021).
Furthermore, a study from Zagazig University identified a cutoff value of 63.3 ng/mL
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for prognostic prediction of acute HF in pediatric patients, with a sensitivity of
81.8% and a specificity of 75% (EI-Moghazy et al., 2020).

Table 2 Summary of the studies reporting circulating cMyBP-C and myocardial infarction

Animal
Species

Rat and
Human

Mice

Human

Human

Human

Model

MI

MI

MI

AMI

AMI

Number of
samples
18 rats; 11MI, 7
sham
26 people; 15
patients, 11
controls

8 mice; 6 LAD,
1 NoRe, 1 Sh, 1
HOM

65 patients with
MI
40 patients with

Conclusion

cMyBP-C concentration in the plasma of Ml rats
and patients was significantly higher than in the
sham and control groups

In post-Ml rats and humans, plasma cMyBP-C
levels were higher than plasma cTnl levels
cMyBP-C is released from rodent myocardium at
least as quickly as cTn and can be detected in the
peripheral blood

cMyBP-C is released from rodent myocardium as
quickly as cTn

Patients with MI had considerably higher plasma
levels of cMyBP-C than healthy controls, and were
significantly decreased after performing PTCA for

Ref.

(Govindan et al.,
2012)

(Baker et al., 2015)

(Govindan et al.,
2013)

PTCA
54 healthy
controls

12 hours

Plasma cMyBP-C at a cutoff of 68.1 ng/mL

provided a sensitivity = 66.2%, specificity = 100%,

and AUC = 0.89

(Kaier et al., 2019)

603 patients cMyBP-C concentration in patients with AMI was

without AMI markedly elevated with other diagnoses.
173 patients cMyBP-C had more discrimination power for AMI
with AMI than hs-cTnT

1614 patients cMyBP-C at threshold 10 ng/L: sensitivity 99.6%, (Kaier et al., 2017)

without AMI negative predictive value 99.8%
340 patients cMyBP-C threshold 120 ng/L: specificity 94.7%,
with AMI positive predictive value 71%. cMyBP-C has a

higher ability to diagnose and prognosis AMI
compared to cTn

MI; myocardial infarction, cTnl; cardiac troponin I, LAD; left anterior descending coronary artery ligation, cTn; cardiac troponin,
NoRe; no perfusion, Sh; sham-operated controls, HOM; murine heart homogenate, STEMI; ST-elevation myocardial infarction,
TASH; trans-coronary therapeutic ablation of septal hypertrophy, CABG; coronary artery bypass surgery. PTCA; percutaneous
trans-coronary angioplasty, AMI; Acute myocardial infarction, hs-cTnT; high-sensitivity cardiac troponin T.

ERINARY
ATIVE

ENCES

A previous clinical study in adults with acute dyspnea reported that plasma
cMyBP-C concentrations were higher in cases with acute HF compared to those
with other diagnoses, achieving an area under the curve (AUC) of 0.81 for HF
diagnosis (Kozhuharov et al., 2021), and the AUC was higher than that of high-
sensitivity cardiac troponin (hs-cTn; AUC = 0.79) but lower than NT-proBNP (AUC
= 0.91) (Kozhuharov et al., 2021). Notably, combining cMyBP-C with NT-proBNP
did not enhance the AUC of NT-proBNP alone. Additionally, the AUCs of cMyBP-
C combined with hs-cTnT or NT-proBNP showed no significant differences at 90,
180, and 360 days (Kozhuharov et al., 2021). A summary of circulating cMyBP-C
and heart failure is presented in Table 3.

Cardiomyopathy and circulating cMyBP-C levels

Previous research on circulating cMyBP-C levels in cardiomyopathy remains
limited, with only two studies addressing this topic. Previous study in humans with
aortic stenosis demonstrated that serum cMyBP-C concentrations were correlated
with indexed left ventricular mass measured via cardiac magnetic resonance
imaging, fibrosis volume, and the severity of aortic stenosis as assessed by aortic
valve maximum blood velocity measurement (Anand et al., 2018). Another study in
DCM patients revealed that the concentration of serum cMyBP-C was elevated in
DCM compared to the control groups (Sun et al., 2019). A summary of circulating
cMyBP-C and cardiomyopathy is presented in Table 4.
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Table 3 Summary of the studies reporting circulating cMyBP-C and heart failure

Animal Model Number of Conclusion Ref.
Species samples
Human HF 50 patients - cMyBP-C plasma levels were higher in HF patients (El Amrousy
25 controls compared to post-treatment and controls et al., 2017)

For diagnosing HF, at a cutoff of 45 ng/mL, AUC = 0.999
For predicting adverse outcomes; at a cutoff 152 ng/mL,

AUC =0.915
Human HF 35 patients - The HF patients had increased cMyBP-C levels compared to  (Khatab et

30 healthy healthy children (at a cutoff > 70 ng/ml, AUC =0.792) al., 2021)
- In recovered patients, there was a notable decrease in
cMyBP-C level after treatment

Human HF 26 patients - Inverse relation between plasma level of cMyBP-C and EF%  (EI-Moghazy
with HF before and FS% et al., 2020)
and after - Increasing cMyBP-C is related to the severity of HF (Ross
treatment classification)

Increasing plasma levels of cMyBP-C were associated with
a worse prognosis

As a prognostic predictor, cMyBP-C at a cutoff 63.3 ng/mL,
sensitivity 81.8%, specificity 75%

Human Acute 548 with - Patients with AHF had higher cMyBP-C levels compared to  (Kozhuharov
HF cardiogenic those with other diagnoses et al., 2021)
dyspnea - The AUC of cMyBP-C (0.81) was higher than hs-cTnT (0.79)
535 with non- but lower than NT-proBNP (0.91)
cardiogenic - No substantial differences between the AUC of cMyBP-C,
dyspnea hs-cTnT, and NT-proBNP

HF; heart failure, hs-cTnT; high-sensitivity cardiac troponin T, NT-proBNP; N-terminal pro B-type natriuretic peptide.

While human studies have provided initial insights, research on cMyBP-C as
a biomarker for cardiomyopathy in veterinary medicine remains sparse. To date, no
comprehensive studies have evaluated circulating cMyBP-C levels in naturally
occurring cardiomyopathies in animals. Given the prevalence of hypertrophic
cardiomyopathy (HCM) in cats and dilated cardiomyopathy (DCM) in dogs, further
investigation is warranted to determine the diagnostic and prognostic utility of
cMyBP-C in veterinary patients. Expanding this research may enhance early
detection and management strategies for cardiomyopathic conditions in
companion animals (Freeman et al., 2017). Further insights into cardiomyopathy are
provided by numerous reports on MYBPC3 gene mutations, which are discussed
in the next section.

Table 4 Summary of the studies reporting circulating cMyBP-C and cardiomyopathy

Animal Number of

. Model Conclusion Ref.
Species samples
Human AS AS =161 - In patients with AS, cMyBP-C concentration correlated (Anand et al.,
healthy = 46 with left ventricular mass, fibrosis volume, and 2018)
extracellular volume, but not in controls
cMyBP-C exhibited no correlation with coronary calcium
scores
Human DCM DCM =57 - The concentration of cMyBP-c in the DCM group was (Sunetal.,
Normal = 34 markedly elevated compared to the normal group 2019)

AS; aortic stenosis, DCM; dilated cardiomyopathy.
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THE MUTATION OF THE MYBPC3 GENE AND
HEART DISEASE IN HUMANS VERSUS FELINES

Mutations in the MYBPC3 gene have been strongly linked to an increased
risk of developing certain cardiovascular diseases, particularly hypertrophic
cardiomyopathy (HCM) (Nabeel et al., 2017). Data from the Human Gene Mutation
Database in 2014 indicated that MYBPC3 mutations were responsible for
approximately 40% of patients diagnosed with HCM (Stenson et al., 2014).
Furthermore, a subsequent study identified more  than 350
distinct MYBPC3 mutations associated with HCM, accounting for 40-50% of all
HCM-related genetic mutations (Carrier et al., 2015).

MYBPC3 Mutations are typically linked to a postponed onset, reduced
penetrance, less severe hypertrophy, and improved survival rate compared to -
myosin heavy chain (MYH7) mutations (Charron et al., 1998; Schlossarek et al.,
2011). The most common mutation type in cMyBP-C is a missense mutation;
however, other types, including insertions, deletions, premature termination
codons, frameshifts, and intronic mutations, have also been reported (Nabeel et al.,
2017). These mutations can occur in different domains of the cMyBP-C protein,
leading to distinct structural abnormalities or functional impairments (Nabeel et al.,
2017).

A previous study on HCM patients identified approximately 147 mutations in
MYBPC3, which encodes cardiac myosin-binding protein C. Collectively, these
mutations account for nearly 15% of all HCM cases (Tanjore et al., 2008). Moreover,
a study conducted in German patients demonstrated that mutations
in MYBPC3 or MYH?7 contribute to both HCM (41%) and dilated cardiomyopathy
(DCM, 11%) (Waldmuller et al., 2011). However, splice-site and frameshift
mutations in MYBPC3 were observed more frequently in hypertrophic than in
dilated cardiomyopathy, suggesting that cardiac MYBPC3 haploinsufficiency may
contribute to HCM rather than DCM (Marin-Garcia, 2014).

In veterinary medicine, mutations in the MYBPC3 gene, which encodes the
cMyBP-C protein, have been linked to feline HCM, particularly in Maine Coon and
Ragdoll cats. The causal mutations have been identified as the A31P mutation,
where alanine (A) at position 31 is replaced by proline (P) in Maine Coon cats, and
the R820W mutation, where arginine (R) at position 820 is replaced by tryptophan
(W) in Ragdoll cats (Cesta et al., 2005; Godiksen et al., 2011; Luis Fuentes et al.,
2020). The prevalence of MYBPC3 mutations among cats with HCM is estimated
to be approximately 34-41.5% (Sukumolanan and Petchdee, 2020). In addition,
A31P homozygous cats are a valuable hereditary model for HCM, showing early
and severe disease progression, making them suitable for studies on therapeutic
interventions (Stern et al., 2023). Given the genetic predisposition, the American
College of Veterinary Internal Medicine (Luis Fuentes et al., 2020) consensus
statement recommends genetic testing for MYBPC3 mutations in Maine Coons and
Ragdolls intended for reproduction, with the goal of reducing the occurrence of
these mutations and the development of HCM within these breeds (Carlos
Sampedrano et al., 2009; Longeri et al., 2013). However, genetic testing has certain
limitations (Ho, 2012). In Maine Coon cats, the homozygosity of the MYBPC3-A31P
mutation only explained 43% of feline HCM cases in the Maine Coon cats group
study (Godiksen et al., 2011). Furthermore, some Maine Coon and Ragdoll cats
diagnosed with HCM have tested negative for MYBPC3 mutations (Carlos
Sampedrano et al., 2009; Longeri et al., 2013). In addition, genetic testing for these
specific mutations in other feline breeds is not recommended, as the MYBPC3
mutations appear to be largely restricted to Maine Coon (A31P) and Ragdoll cats
(R820W) (Luis Fuentes et al., 2020; Sukumolanan and Petchdee, 2020).
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FACTOR THAT INTERFERES WITH
CIRCULATING cMyBP-C LEVELS

The mutation of the MYBPC3 gene

The study of HCM patients with MYBPC3 mutations exhibits lower cMyBP-
C protein levels and reduced MYBPC3 mRNA expression in cardiac tissue
compared to HCM patients without these mutations (Parbhudayal et al., 2018). In
agreement with prior studies, a homogeneous group of familial HCM patients with
frameshift MYBPC3 mutations demonstrated that Western blotting revealed
significantly reduced levels of full-length cMyBP-C in MYBPC3-mutated
myocardium compared to control myocardium (van Dijk et al., 2009). These
findings suggest that MYBPC3 mutations contribute to cMyBP-C deficiency at both
the transcriptional and protein levels, potentially playing a pivotal role in the
pathophysiology of HCM. Further research is warranted to explore the downstream
effects of this deficiency on myocardial function and its implications for targeted
therapeutic strategies.

Signalment

The study of the biological variation of cMyBP-C in healthy humans showed
that women had significantly lower median cMyBP-C concentration than men
(Alaour et al., 2022). Nevertheless, when measured serially, cMyBP-C exhibits an
acceptable reference change value and a low index of individuality Il, suggesting it
is suitable for disease monitoring, risk assessment, and prognosis (Alaour et al.,
2022). These findings emphasize the potential of cMyBP-C as a reliable biomarker
in clinical practice despite inherent biological variation. Further research is
warranted to determine whether sex-specific reference intervals or adjusted
diagnostic thresholds may improve the accuracy of cMyBP-C in disease detection
and risk assessment.

Other llinesses

The study in patients with renal impairment revealed a reduced diagnostic
accuracy for cMyBP-C, NT-proBNP, and hs-cTnT (Kozhuharov et al., 2021).
However, cMyBP-C exhibited superior prognostic performance for short-term
outcomes compared to NT-proBNP in these patients (Kozhuharov et al., 2021).
Moreover, in pediatric heart failure, cMyBP-C levels were directly proportional to
the severity of heart failure (Modified ROSS score) and the severity of pulmonary
hypertension (Alaour et al., 2022). Consistent with a study investigating novel
biomarkers of hypertension in men revealed significantly higher cMyBP-C levels in
hypertensive patients across various conditions compared to controls (Charkiewicz
et al.,, 2022). These findings suggest that cMyBP-C may serve as a valuable
prognostic biomarker across diverse cardiovascular and systemic conditions.
While its diagnostic utility may be influenced by comorbidities such as renal
dysfunction, its prognostic significance in heart failure, pulmonary hypertension,
and hypertension highlights its potential role in risk stratification and patient
management.

Comparison of cMyBP-C with Established and
Emerging Cardiac Biomarkers in Cats

cMyBP-C has emerged as a novel biomarker with potential utility in the
diagnosis and monitoring of feline cardiomyopathies. To contextualize its clinical
value, it is important to compare cMyBP-C with both widely used and recently
proposed biomarkers in feline cardiac diagnostics. cTh and NT-proBNP are among
the most extensively validated and widely applied biomarkers in feline cardiology
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(Luis Fuentes et al., 2020). These biomarkers are particularly useful for
distinguishing cardiac from non-cardiac causes of respiratory distress and have
demonstrated prognostic value in assessing the risk of cardiovascular mortality
(Borgeat et al., 2014; Luis Fuentes et al., 2020). NT-proBNP, a biomarker of
myocardial stretch and volume overload, has proven utility in differentiating cardiac
from non-cardiac causes of dyspnea and in assessing the severity of heart failure
(Ward et al., 2018; Luis Fuentes et al., 2020). Importantly, NT-proBNP is available
in the form of a point-of-care SNAP test, which enables rapid, in-clinic assessment
and facilitates timely clinical decision-making (Mainville et al., 2015). Nevertheless,
NT-proBNP levels can be influenced by renal function and age, and do not directly
reflect structural changes in the myocardium disease (Lalor et al., 2009; Singh et
al.,, 2010; Hanas et al., 2020). cTnl and cTnT are highly specific indicators of
myocardial cell injury (Langhorn et al., 2014). Elevated troponin concentrations are
associated with active myocardial damage (Connolly et al., 2003; Langhorn et al.,
2013; Hori et al., 2018; Katrukha and Katrukha, 2021). However, these elevations
may also occur in systemic diseases such as sepsis, renal insufficiency, or
hyperthyroidism, potentially limiting their specificity in distinguishing primary
cardiomyopathy from secondary cardiac (Connolly et al., 2003; Eggers et al., 2019).

Recent studies have identified several emerging biomarkers that may offer
additional insight into the pathophysiological mechanisms underlying feline
cardiomyopathies. Galectin-3 (Gal-3), a B-galactoside-binding lectin, plays a role in
inflammation and fibrogenesis (Gawor et al., 2017; Stack et al., 2023); its
upregulation in cardiac fibrosis has demonstrated prognostic value in both human
and veterinary medicine (Hara et al., 2020; Stack et al., 2023). Interleukin-18 (IL-
18), a proinflammatory cytokine, is associated with myocardial inflammation and
adverse remodeling (Chien et al., 2016; Kitz et al., 2019; Chong et al., 2024). Insulin-
like growth factor binding protein 2 (IGFBP-2) serves as a metabolic marker within
the IGF signaling pathway, which is known to be dysregulated in cardiac
hypertrophy and failure (Chong et al., 2024). Brain-type glycogen phosphorylase
(PYGB), an enzyme involved in glycogen metabolism, has been linked to
myocardial stress and energy imbalance (Yang et al., 2024). Collectively, these
emerging biomarkers hold considerable promise for enhancing the diagnosis,
monitoring, and pathophysiological understanding of feline cardiac disease.
Nevertheless, their clinical application in veterinary cardiology remains constrained
by several factors, including limited clinical validation in cats with cardiomyopathy,
the lack of standardized assays for routine veterinary use, and the potential for
elevated levels in non-cardiac conditions (Lopez et al., 2015; Niwa, Noguchi, et al.,
2020; Fonfara et al., 2021; Hara, Kozhuharov et al., 2021). Previous studies suggest
that the mutation of cMyBP-C was associated with the development of HCM, and
that circulating levels of cMyBP-C may increase during the earlier stages of the
disease compared to established biomarkers such as NT-proBNP or cTn, thereby
providing a potential window for earlier diagnosis (Singh et al., 2010; Baker et al.,
2015; Kaier et al., 2017; Hanas et al., 2020; Olalekan et al., 2025). The rapid decline
of serum cMyBP-C may limit its usefulness in detecting chronic myocardial
remodeling, such as in established HCM. However, it may serve as a potential
biomarker for acute Ml or stress in at-risk cats (Govindan et al., 2013; Baker et al.,
2015). Despite this potential, no studies have examined serum cMyBP-C levels in
cats with cardiomyopathy, leaving its behavior in feline cardiac disease unclear.
This gap highlights the need for further research to determine its diagnostic
potential and its role in elucidating the molecular mechanisms of cardiomyopathy.
A summary of the advantages and disadvantages of cardiac biomarkers in
cardiomyopathic cats is presented in Table 5.
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Table 5 Summary of the advantages and disadvantages of cardiac biomarkers in cardiomyopathic

cats

Biomarker Advantages

NT-proBNP A marker of volume overload (Booth et
al., 2010)

Facilitates the differentiation between
cardiac and non-cardiac causes of
respiratory distress (Connolly et al.,
2009; Fox et al., 2009; Hassdenteufel et
al., 2013).

Available as SNAP tests, giving rapid
results (Mainville et al., 2015)

Strong evidence bases in veterinary
cardiology with many peer-reviewed
studies (Luis Fuentes et al., 2020; Lu et
al., 2021)

cTnl High specificity for myocardial injury
(Connolly et al., 20083; Park et al., 2017;
Katrukha and Katrukha, 2021)
Correlates with disease severity,
including the presence of left atrial
enlargement or HF (Hori et al., 2018)
Help distinguish between HCM and non-
HCM groups (Connolly et al., 2003;
Langhorn et al., 2013; Hori et al., 2018)
Can be utilized to distinguish cats with
cardiac causes of dyspnea from those
with noncardiac conditions (Herndon et
al., 2008; Wells et al., 2014)

cTnT High specificity for myocardial injury like
cTnl (Langhorn et al., 2014)
Longer half-life than cTnl: more stable
and useful for chronic disease
monitoring (Potter et al., 2022)

Gal-3 An indicator of myocardial fibrosis, a key
feature in the progression of HCM
(Gawor et al., 2017; Stack et al., 2023)
Increased Gal-3 levels have been
positively correlated with left atrial size in
HCM cats, suggesting its role in cardiac
remodeling (Stack et al., 2023)
Potential for early detection and
prognostic value in various heart
diseases in humans (Hara et al., 2020)

IL-18 Reflects inflammatory and fibrotic
processes, key components in HCM
pathogenesis (Chien et al., 2016; Kitz et
al., 2019)

Serum IL-18 levels are elevated in HCM
cats with CHF, indicating potential as a
marker for disease severity (Chong et al.,
2024)

Disadvantages

In chronic renal disease, levels are increased,
complicating interpretation (Lalor et al., 2009).
Decreased sensitivity for mild severity of cardiac
disease (Singh et al., 2010; Hanas et al., 2020)

cTnl is elevated in any cause of myocardial injury —
including myocarditis, trauma, sepsis, or toxins—so
not HCM-specific (Connolly et al., 2003; Eggers et
al., 2019)

Some healthy cats may have detectable or mildly
elevated cTnl; reference ranges are narrow (Hori et
al., 2018)

Can rise with acute stress or transient ischemia, such
as during hospitalization or sedation (Hanas et al.,
2022; Konishi et al., 2022)

Although trends can be informative, there are no
universally accepted thresholds for staging feline
HCM based on cTnl alone (Hori et al., 2018)

cTnT is elevated in any myocardial injury, including
myocarditis, trauma, hypoxia, or systemic disease
(Tanindi and Cemri, 2011; Lindner et al., 2014;
Eggers et al., 2019)

Not as widely available or standardized in veterinary
diagnostics compared to cTnl or NT-proBNP

Currently, there are no standardized assays or
established reference ranges for Gal-3 in cats,
limiting its clinical applicability

Gal-3 levels may be elevated in other conditions,
such as systemic inflammation or kidney disease,
which could confound its specificity for HCM (Lopez
et al., 2015; Hara et al., 2020)

One study found no significant difference in Gal-3
levels between cats with ACVIM stage B and stage C
HCM, questioning its utility in distinguishing disease
severity (Stack et al., 2023)

Lack of standardized assays: Currently, there are no
standardized assays or established reference ranges
for IL-18 in cats, limiting its clinical applicability

May be elevated in other conditions, such as
systemic inflammation or kidney disease, which
could confound its specificity for HCM (Fonfara et al.,
2021)
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Biomarker

cMyBP-C

Advantages

IGFBP-2 - Serum IGFBP-2 RNA is highest in

subclinical HCM cats, suggesting
potential as an early-stage marker
(Chong et al., 2024)

PYGB Reflects myocardial glycogen

metabolism, which is crucial for energy
production, especially under stress
conditions (Yang et al., 2024)

A study suggests that PYGB levels can
rise early after myocardial injury,
potentially aiding in the early detection of
cardiac issues (Yang et al., 2024)

Insight into disease mechanism: Unlike
NT-proBNP (which indicates stretch),
cMyBP-C alterations may indicate
myocyte damage or turnover (Helms et
al., 2020)

Early biomarker for acute Ml and HF in
humans (El Amrousy et al., 2017; Kaier
et al., 2017; Kozhuharov et al., 2021)
The mutation of this protein has an
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Disadvantages

IGFBP-2 levels may be elevated in other conditions,
such as metabolic disorders, which could confound
its specificity for HCM (Heald et al., 2006; Migita et
al., 2010; Yang et al., 2020)

Limited clinical validation: While studies have shown
differential expression of IGFBP-2 in cats with HCM,
further research is needed to confirm its reliability
and utility as a biomarker

Lack of standardized assays: Currently, there are no
standardized assays or established reference ranges
for IGFBP-2 in cats, limiting its clinical applicability

PYGB is also present in the brain and other tissues,
which may lead to elevated levels in conditions
unrelated to HCM, reducing its specificity (Jiang et
al., 2022; Ren et al., 2024; Yang et al., 2024)

Limited clinical validation in cats: There is currently
insufficient evidence to support PYGB as a reliable
biomarker for HCM in cats, with studies showing no
significant differences in PYGB levels between
healthy cats and those with HCM (Chong et al., 2024)

Other illnesses, sex, and gene mutations may
interfere with circulating cMyBP-C levels
(Parbhudayal et al., 2018; Kozhuharov et al., 2021;
Alaour et al., 2022)

The rapid elevation and subsequent clearance of
serum cMyBP-C may restrict its applicability in
chronic conditions, such as HCM

No published studies have investigated serum
cMyBP-C levels in cats with cardiomyopathy

important role in the development of
HCM (Doh et al., 2019)

NT-proBNP; N-terminal pro B-type natriuretic peptide, cTnl; cardiac troponin |, cTnT; cardiac troponin T, Gal-3; galactin3, IL-
18; interleukin 18, IGFBP-2; insulin-like growth factor binding protein 2, PYG; brain-type glycogen phosphorylase B, Ml;
myocardial infarction, HCM; hypertrophic cardiomyopathy.

CONCLUSIONS

Cardiac myosin-binding protein C (cMyBP-C) is a sarcomeric protein
expressed in cardiomyocytes and has been implicated in cardiac injury, ischemia,
and the pathophysiology of cardiovascular diseases. Due to its rapid release,
accumulation, and clearance kinetics, cMyBP-C has emerged as a promising
biomarker for the early diagnosis and prognosis of feline HCM. Its implementation
in clinical practice may facilitate early disease detection, inform timely intervention
strategies, and enhance risk stratification for heart failure-related mortality.
However, significant knowledge gaps remain regarding circulating cMyBP-C levels
in cats, limiting its current clinical applicability. To effectively translate cMyBP-C
research from bench to bedside, several steps are needed: (1) establishing species-
specific reference intervals; (2) validating diagnostic and prognostic accuracy in
well-characterized feline cohorts; (3) standardizing assays suitable for veterinary
use; and (4) understanding the influence of genetic mutations, patient-specific
factors, and comorbidities on biomarker levels. Furthermore, future research efforts
should prioritize the inclusion of proteomic studies and longitudinal cohort studies
within feline populations. These studies will be essential for elucidating the
mechanisms of disease and for tracking biomarker dynamics over time. Such
investigations will not only enhance the diagnostic utility of cMyBP-C as a potential
biomarker but will also serve as valuable tools in uncovering the molecular
mechanisms that drive the development and progression of cardiomyopathy.
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