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SUMMARY
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AND ACRONYM S

AAb = autoantibody

ACS = acute coronary

syndrome

AMI = acute myocardial

infarction

cMyBP-C = cardiac myosin

binding protein-C

cTnI = cardiac troponin-I

DCM = dilated cardiomyopathy

ELISA = enzyme-linked

immunosorbent assay
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The degradation and release of cardiac myosin binding protein-C (cMyBP-C) upon cardiac damage may stim-

ulate an inflammatory response and autoantibody (AAb) production. We determined whether the presence of

cMyBP-C-AAbs associated with adverse cardiac function in cardiovascular disease patients. Importantly,

cMyBP-C-AAbs were significantly detected in acute coronary syndrome patient sera upon arrival to the

emergency department, particularly in ST-segment elevation myocardial infarction patients. Patients positive

for cMyBP-C-AAbs had reduced left ventricular ejection fraction and elevated levels of clinical biomarkers

of myocardial infarction. We conclude that cMyBP-C-AAbs may serve as early predictive indicators of

deteriorating cardiac function and patient outcome in acute coronary syndrome patients prior to the

infarction. (J Am Coll Cardiol Basic Trans Science 2017;2:122–31) © 2017 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

= hypertrophic

omyopathy
HCM

cardi
LVEF = left ventricular

ejection fraction

NSTEMI = non–ST-segment

elevation myocardial infarction

NT-proBNP = N-terminal pro-

brain natriuretic peptide

OD = optical density

STEMI = ST-segment elevation

myocardial infarction

UA = unstable angina
A cute myocardial infarction (AMI) remains a
leading cause of morbidity and mortality
worldwide often as a result of prolonged,

irreversible myocardial cell damage or death (1).
Upon myocardial damage, the release of previously
“hidden” cardiac proteins into the circulation may
trigger an immune response and the production of
autoantibodies (AAbs) that target cardiac antigens
(2). Indeed, such AAbs have been critically linked to
heart failure (2–4). The myocardial injury that occurs
in patients with AMI may cause leakage of cardiac an-
tigens into the circulation and the production of AAbs
that associate with AMI severity (5).
SEE PAGE 132
Cardiac myosin binding protein-C (cMyBP-C) is a
sarcomeric regulatory protein that controls cardiac
contractile function (1,6,7). cMyBP-C contains 8
immunoglobulin-like domains, 3 fibronectin type III
domains, a proline-alanine-rich region between C0
and C1, and an M domain (1). Recently, it was demon-
strated that cMyBP-C is extensively proteolyzed dur-
ing AMI, and can be released into the circulation
potentially serving as a biomarker of AMI (6,8). Inter-
estingly, previous work has shown a strong reactivity
and immunogenicity for AAbs against fragments of
murine and human cMyBP-C that could generate
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experimental autoimmune myocarditis and
dilated cardiomyopathy (DCM) in animal
models (9–11). However, a systematic large-
scale human study testing the antigenicity
of human cMyBP-C domains in patients with
AMI is necessary to determine the association
of cMyBP-C-AAbs with clinical measurements
of cardiac dysfunction and patient outcome.

In the present study, we used serum sam-

ples from patients with acute coronary syndrome
(ACS) and from patients with DCM, patients with
hypertrophic cardiomyopathy (HCM), and donors
with no known cardiovascular disease (CVD) for
comparison to determine the most antigenic regions
of human cMyBP-C and whether cMyBP-C-AAbs are
associated with a host of clinical variables. Impor-
tantly, our study demonstrated that the presence of
serum cMyBP-C-AAbs is directly associated with
decreased cardiac function and increased levels of
biomarkers of ACS, suggesting that cMyBP-C-AAbs are
potential predictive indicators of deteriorating car-
diac function and/or outcome for ACS patients.

METHODS
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73 patients with DCM, 214 patients with HCM, and
141 healthy donors with no known CVD who partici-
pated in this study. Samples from Tufts Medical
Center were collected from 31 HCM patients and 8
DCM patients (by G.S.G.). Samples from the Depart-
ment of Genetics at the Harvard Medical School were
collected from 22 HCM patients and 3 DCM patients
(by C.E.S.). Samples from the Hypertrophic Cardio-
myopathy Clinic at the University of Michigan were
collected from 106 HCM patients (by S.D.). Samples
from the Kerckhoff Heart and Thorax Center were
collected from 628 ACS patients upon arrival to the
emergency department (ED), 50 DCM patients and 22
HCM patients. Thirteen of the HCM samples were
collected at baseline from HCM patients from
undergoing transcoronary ablation of septal hyper-
trophy, and had been previously analyzed to estab-
lish protein or microribonucleic acid release kinetics
in these patients (by C.L.) (12–14). Samples from the
VU University Medical Center were collected from 33
HCM patients (by J.v.d.V.). Samples from the
Outpatient Clinic at Scott and White Hospital were
collected from 12 DCM patients (by N.N.). The 141
donor samples were obtained from the University of
Texas Health Sciences Center at Houston and the
Texas Heart Institute (by A.J.M.). Detailed patient
clinical and demographic information is provided in
Supplemental Tables 1 to 11. This investigation con-
forms to the principles outlined in the Declaration of
Helsinki. All blood samples were collected under
strict guidelines after obtaining consent using insti-
tutional review board (IRB) approved consent forms
as part of the IRB approved protocol submitted by the
respective principal investigator. The IRB at Loyola
University Chicago approved the present study using
the deidentified samples that were received from
the collaborators’ laboratories.

GENERATION OF RECOMBINANT PROTEINS USING

THE pET SYSTEM. Recombinant, purified fragments
of cMyBP-C were generated and used to detect the
presence of AAbs recognizing antigenic epitopes
within these proteins. The complementary deoxy-
ribonucleic acid coding for amino acid residues 1-273
(C0 to C1f), 1-543 (C0 to C3), 453-870 (C3 to C6),
774-1065 (C6 to C8) or 970-1274 (C8 to C10) of human
cMyBP-C was cloned separately into the pET-28a(þ)
expression vector (Novagen, EMD Millipore, Bill-
erica, Massachusetts). The N-terminus of each protein
contained the His epitope. Recombinant clones were
confirmed by deoxyribonucleic acid sequencing
(ACGT, Inc., Wheeling, Illinois). Plasmids were trans-
formed into the BL21 (DE3) strain of Escherichia coli
(E. coli) (Cat. No. C6010-03, Invitrogen, Carlsbad,
California), having the gene for the T7 ribonucleic acid
polymerase promoter that is induced by isopropyl-b-
D-thiogalactopyranoside (Cat. No. 10724815001,
Roche, Indianapolis, Indiana). Expression of the
recombinant proteins was confirmed by sodium
dodecyl sulfate polyacrylamide gel electrophoresis
and Western blot analysis. Large-scale preparation
was conducted for each clone, giving optimal expres-
sion of each recombinant protein. A total of 500 ml of
LB medium were inoculated with 1% E. coli BL21 cells,
which were grown for 12 h at 37�C to an optical density
(OD) of 0.6. After induction with 1 mmol/l isopropyl-b-
D-thiogalactopyranoside, the cultures were then
incubated for an additional 5 h, followed by centrifu-
gation at 4,000 g for 30 min at 4�C to harvest the cells.
In accordance with the manufacturer’s suggestion,
overexpressed proteins were purified with Ni-NTA
agarose chromatography (Cat. No. 1018244, Qiagen,
Germantown, Maryland). The proteins were dialyzed
against 5 l of 1� phosphate buffered saline (Cat. No.
IB70166, MidSci, Valley Park, Missouri). Buffers were
changed twice using 15 kDa MWCO of membrane (Cat.
No. 132124, Spectrum Laboratories, Rancho Domi-
nguez, California). Protein concentrations were
determined following dialysis using the Bradford
Assay (Cat No. 500-0205, Bio-Rad Laboratories, Her-
cules, California). The quality of the recombinant
cMyBP-C fragments was determined by Ponceau S
stain (Ponceau S solution, Cat. No. P7170, Sigma-
Aldrich, St. Louis, Missouri) and Western blot anal-
ysis using rabbit polyclonal antibodies against cMyBP-
C residues 2 to 14 (cMyBP-C2–14) (15) to detect C0 to C1f
and C0 to C3, domain C5 (cMyBP-CC5) (16) to detect C3
to C6, domain C8 (cMyBP-CC8) to detect C6 to C8 and
C8 to C10, and domain C10 (cMyBP-CC10) (17) to detect
C8 to C10 alone (Figure 1). The N-terminal 6� histidine
epitope was detected using the mouse anti-His6
monoclonal antibody (Cat. No. 11922416001,
Sigma-Aldrich).

GENERATION OF RECOMBINANT FL-cMyBP-C USING

THE SF9-BACULOVIRUS EXPRESSION SYSTEM. To
detect the presence of AAbs recognizing antigenic
epitopes within FL-cMyBP-C, FL-cMyBP-C was
generated using the Sf9-Baculovirus expression
system as previously described (18). The quality
of recombinant FL-cMyBP-C was determined by
Ponceau S stain (Ponceau S solution, Cat. No.
P7170, Sigma-Aldrich) and Western blot analysis
using the cMyBP-C2-14 antibody.

ENZYME-LINKED IMMUNOSORBANT ASSAY PROCEDURE.

Deidentified serum samples from ACS, DCM, and

http://dx.doi.org/10.1016/j.jacbts.2016.12.001


FIGURE 1 Structure and Purification of cMyBP-C Domains

(A) cMyBP-C domain structure. Recombinant human cMyBP-C fragments used in this study were C0 to C1f (amino acids 1-273), C0 to C3 (1-543), C3 to C6 (453-870),

C6 to C8 (774-1065), and C8 to C10 (970-1274). (B) Western blot analysis and Ponceau stain to detect partially purified FL-cMyBP-C. (C) Western blot analysis and

Ponceau S stain to detect the cMyBP-C fragments listed in A. cMyBP-C ¼ cardiac myosin binding protein-C; FL ¼ full-length.
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HCM patients as well as human donors were evalu-
ated for the presence of AAbs that could bind
C0 to C1f, C0 to C3, C3 to C6, C6 to C8, and C8 to C10
as well as FL-cMyBP-C by indirect enzyme-linked
immunosorbent assay (ELISA). The 96-well Medi-
Sorp plates (Cat. No. 467320, Nunc-Immuno, Sigma-
Aldrich) were coated overnight at 4�C with 100 ng
recombinant cMyBP-C fragments or FL-cMyBP-C
for capture. The plates were then washed 3� with
a solution containing 0.05% (v/v) tween 20 in
phosphate-buffered saline (PBST), and aspecific
binding to the plate was blocked by incubating the
plate with 5% (w/v) bovine serum albumin (BSA) in
PBST for 1 h at room temperature while shaking at
200 rpm. Following another series of washes, serum
samples were diluted 1:160 in 1% (w/v) BSA in PBST
and plated in duplicate. Plates were incubated for 1 h
while shaking, followed by another series of wash-
ings. Horseradish peroxidase–conjugated rabbit anti-
human immunoglobulin G (Cat. No. sc-2923, Santa
Cruz Biotechnology, Dallas, Texas) was diluted
1:2,000 in PBS and added to the plates, followed by
incubation for 1 h with shaking. After a final series of
washings, ABTS substrate (Cat. No. 37615, Thermo
Fisher Scientific, Waltham, Massachusetts) was
added to the plates and incubated for 30 min with
shaking at 300 rpm at room temperature. Absorbance
was read at 405 nm in a 96-well plate ELISA reader
(VersaMax ELISA Microplate Reader, Molecular
Devices, Sunnyvale, California).

PRE-ADSORPTION ELISA. Binding of cMyBP-C-AAbs
to the C0 to C1f, C0 to C3, C3 to C6, C6 to C8, and
C8 to C10 regions of cMyBP-C and to FL-cMyBP-C was
confirmed using a pre-adsorption ELISA procedure.
Sera from 3 patients positive for cMyBP-C-AAbs to
each of the cMyBP-C fragments and to FL-cMyBP-C
from the DCM, HCM, and ACS groups were pre-
incubated with 0, 1, 2, 4, and 8 ng/ul of C0 to C1f,
C0 to C3, C3 to C6, C6 to C8, or C8 to C10 regions
of cMyBP-C or with FL-cMyBP-C. Sera were prepared
in 1% BSA in PBST at a dilution of 1:160. All samples
were incubated at 37�C for 30 min to allow
for pre-adsorption before analysis by indirect
ELISA. Following pre-adsorption, for indirect
ELISA, 100 ml of each diluted serum sample were



FIGURE 2 AAbs Targeting cMyBP-C Domains Are Present in Sera of Patients With ACS and Cardiomyopathy

Sera from 141 donors and 73 DCM, 214 HCM, and 628 ACS patients were assayed at a dilution of 1:160 for the presence of cMyBP-C AAbs to

(A) C0 to C1f, (B) C0 to C3, (C) C3 to C6, (D) C6 to C8, and (E) C8 to C10 regions and (F) FL-cMyBP-C by ELISA. A mean þ 3 SD of the average

OD of donors’ sera diluted 1:160 was used as a cutoff for AAb positivity (indicated by broken line). Values above the broken line are positive for

AAbs. AAb ¼ autoantibody; ACS ¼ acute coronary syndrome; DCM ¼ dilated cardiomyopathy; ELISA ¼ enzyme-linked immunosorbent assay;

HCM ¼ hypertrophic cardiomyopathy; OD ¼ optical density; other abbreviations as in Figure 1.
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incubated on 96-well MediSorp plates (Cat. No.
467320, Nunc-Immuno) that had been pre-coated
overnight at 4�C with 100 ml of 1 mg/ml of the
respective protein. Indirect ELISA was performed as
described in the previous text.

CUTOFF DETERMINATION FOR AAb POSITIVITY. The
cutoff above which samples were scored as AAb-
positive was defined as the signal of the mean þ 3�
the SD of the human donor group’s OD value obtained
for each protein. For each plate coated with each
respective protein, a subset of donor sera was incu-
bated in duplicate, along with ACS, DCM, and HCM
patient sera. Given the semiquantitative nature of the
ELISA, the signals of the patient samples were
normalized per plate to the average of the control
group. This normalized value is referred to herein-
after as the “autoantibody index” (AAb index)
(Figure 2).

STATISTICAL ANALYSES. Unadjusted means or
medians were compared between patients who were
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AAb positive and negative for each protein fragment
and between patients who were AAb positive and
negative for FL-cMyBP-C in the ACS, DCM, and HCM
patient groups using an independent samples Stu-
dent t test or Wilcoxon rank sum test when appro-
priate. Proportions were analyzed using a chi-square
test or Fisher exact test when appropriate. The effect
of variables on the number of protein fragments
positive for AAbs on ELISA was tested using ordinal
logistic regression or multinomial logistic regression
when the proportional odds assumption was
violated. Two-sided p values were provided for sig-
nificance in either direction; p values <0.05 were
considered statistically significant. The p values
presented in the tables were not adjusted for multi-
ple comparisons, but this was considered in the
results section. For the p trend analysis, we divided
each of the concentrations for each peptide into low,
medium, high, and very-high categories. Stratifying
by ACS, HCM, and DCM, a generalized linear
model with “OD/OD at 0 ng/ml (405 nm)” as the out-
come, and ordinal peptide concentration as the
independent variable was used to assess if a simple
linear trend existed. The p trend is the p value of the
beta coefficient of the independent variable. SAS
version 9.4 (SAS Institute, Cary, North Carolina) was
used for all statistical analyses conducted. The
software package GraphPad Prism 6.0 (GraphPad
Software, San Diego, California) was also used
for plotting.

RESULTS

cMyBP-C-AAbs WERE DETECTED IN PATIENTS WITH

ACS, DCM, AND HCM. To determine the antigenic
region(s) of cMyBP-C, recombinant fragments of
cMyBP-C spanning the C0 to C10 domains as well as
full-length (FL) cMyBP-C (Figure 1) were incubated
with sera collected from 628 myocardial infarction, 73
DCM, and 214 HCM patients in an indirect ELISA. Sera
from 141 donors with no known CVD were used to
establish the cutoff for AAb positivity, which was
defined as the signal of the mean þ 3� the SD of the
OD value obtained for each protein region in the hu-
man donor group. Supplemental Table 1 provides
clinical and demographic characteristics of this donor
group. Sera from all patient groups and from the
donor group were diluted 1:160 for all assays, and OD
values read at this dilution were compared and used
to generate scatter plots for each protein fragment
(Figure 2). Across all disease groups, more patients
reported positive for AAbs targeting the C3 to C10
domains of cMyBP-C compared with the more N-
terminal domains (Figure 2). Protein-fragment–spe-
cific results are available in Supplemental Tables 2 to
11. In total, across all cMyBP-C fragments including
FL-cMyBP-C, 454 (72.3%) ACS, 33 (45.2%) DCM, and
94 (43.9%) HCM patients, as well as 8 (5.7%) donors,
reported positive for cMyBP-C-AAbs (Supplemental
Tables 12 to 14). To confirm that the AAbs targeting
cMyBP-C fragments and FL-cMyBP-C identified here
were specific to their respective targets on cMyBP-C,
we performed a pre-adsorption ELISA. The reactivity
of cMyBP-C-AAbs across protein fragments in sera
from the ACS, DCM, and HCM patient groups exhibi-
ted a dose-dependent decrease upon increasing pre-
adsorption concentrations of their target protein
with several significant p trends across patient groups
and protein fragments (Figure 3).

CLINICALLY RELEVANT ASSOCIATIONS OF

cMyBP-C-AAb STATUS WITH CLINICAL PARAMETERS

FOR PATIENTS WITH ACS, DCM, AND HCM. After clas-
sifying ACS, HCM, and DCM into those who reported
positive or negative for cMyBP-C-AAbs, irrespective
of the cMyBP-C protein fragment, no significant as-
sociations could be established between AAb status
(positive or negative) for patients with DCM or HCM
and clinical variables (Supplemental Tables 12 and
13). However, for ACS patients, several clinically
relevant associations were found based upon cMyBP-
C-AAb status and different clinical variables
(Supplemental Table 14, Figure 4). Intriguingly,
within the ACS patient group, the average left ven-
tricular ejection fraction (LVEF) measured within the
first 3 days following percutaneous intervention/ACS
was significantly lower for patients positive for
cMyBP-C-AAbs (p ¼ 0.02) (Figure 4). Furthermore, a
higher percentage of ACS patients positive for
cMyBP-C-AAbs were classified as having STEMI than
NSTEMI or unstable angina (UA). In contrast, a
greater percentage of ACS patients negative for
cMyBP-C-AAbs were classified as having NSTEMI
than STEMI or UA (Figure 4). The average level of
myoglobin was significantly higher for patients pos-
itive for cMyBP-C-AAbs at 1-day post-MI (p < 0.02)
compared with patients who were negative for
cMyBP-C-AAbs. The average level of N-terminal pro-
brain natriuretic peptide (NT-proBNP) was signifi-
cantly higher for patients positive for cMyBP-C-AAbs
at baseline (p ¼ 0.04), 1-day post-ACS (p ¼ 0.002),
and 6 months post-ACS (p ¼ 0.03) compared with
patients who were negative for cMyBP-C-AAbs. In
general, although not significant in all cases,
cMyBP-C-AAb–positive patients had increased levels
of all serum biomarkers analyzed compared with
cMyBP-C-AAb–negative patients.
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FIGURE 3 cMyBP-C-AAb Reactivity in Cardiomyopathy and ACS Patient AAb-Positive Sera Decrease Upon Pre-Adsorption With cMyBP-C

Sera from3AAb-positive patient samples from theDCM,HCM, andACSpatient groups for each cMyBP-C fragment and for FL-cMyBP-Cwere pre-

adsorbedwith0, 1, 2, 4or8ng/ml of their respective target protein. Followingpre-adsorption, serumAAb reactivitywas tested byELISA for AAbs

to (A) C0 to C1f, (B) C0 to C3, (C) C3 to C6, (D) C6 to C8, (E) C8 to C10, and (F) FL-cMyBP-C. A p trend <0.05 was considered statistically

significant. Abbreviations as in Figures 1 and 2.
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cMyBP-C protein fragment-specific analysis indi-
cated several more associations linking cMyBP-C-AAb
status to numerous clinical variables for ACS patients
(Supplemental Tables 6 to 11). Interestingly, LVEF
was significantly reduced in ACS patients who were
positive for cMyBP-C-AAbs targeting the C3 to C6
(p ¼ 0.05), C6 to C8 (p ¼ 0.0003), and C8 to C10
(p ¼ 0.01) domains compared with patients who were
negative for cMyBP-C-AAbs to these regions.
Furthermore, the levels of cardiac troponin-I (cTnI)
1-day post-ACS were significantly increased in ACS
patients who were positive for AAbs targeting the C3
to C6 (p < 0.0001) and C6 to C8 (p ¼ 0.004) domains
compared with patients who were negative for AAbs
to these regions. Additionally, a significantly higher
percentage of patients positive for AAbs against the
C3 to C6 (p < 0.0001), C6 to C8 (p < 0.0001), and C8 to
C10 (p < 0.002) domains of cMyBP-C as well as
FL-cMyBP-C (p < 0.0001) had STEMI and a smaller
percentage had NSTEMI or had UA than expected
compared with patients who were negative for AAbs
to these regions.

Cardiomyopathy and ACS patients were further
categorized per the number of patients positive for
AAbs to 0, 1, 2, or 3þ cMyBP-C protein fragments to
determine whether increased AAb-fragment positiv-
ity associated with clinical variables. There were no
significant associations detected between the number
of fragments for which HCM or DCM patients were
AAb positive and clinical variables (Supplemental
Tables 15 to 18). However, for ACS patients, several
significant associations were detected (Supplemental
Tables 19 and 20). Strikingly, there was a very sig-
nificant association between a reduction in LVEF and
an elevation in the number of fragments for which
patients were AAb positive (p ¼ 0.0008). Addition-
ally, there was a significant association among
increased levels of serum brain natriuretic peptide
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FIGURE 4 Cardiac Function and ACS Category for ACS Patients Based on cMyBP-C-AAb Status

(A)%LVEF in patients positive or negative for cMyBP-C-AAbs irrespective of the cMyBP-C protein fragment. (B) Number of patients who were

classified as NSTEMI, STEMI, or UA on the basis of being positive or negative for cMyBP-C-AAbs irrespective of the cMyBP-C protein

fragment. AAb ¼ autoantibody; cMyBP-C ¼ cardiac myosin binding protein-C; LVEF ¼ left ventricular ejection fraction; NSTEMI ¼ non–ST-

segment elevation myocardial infarction; STEMI ¼ ST-segment elevation myocardial infarction.
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1-day post-ACS (p ¼ 0.03), myoglobin at baseline (p ¼
0.007), NT-proBNP 1-day post-ACS (p ¼ 0.0007), and
cTnI 1-day post-ACS (p < 0.0001) and an elevation in
the number of fragments for which patients were AAb
positive. Notably, serum levels of cTnI 1-day post-ACS
were significantly increased in patients who were
positive for cMyBP-C-AAbs to either 2 (p ¼ 0.006) or
3þ (p ¼ 0.003) fragments of cMyBP-C compared with
cMyBP-C-AAb–negative patients. Furthermore,
although not significant in all cases, there appeared to
be an association between elevated levels of serum
biomarkers and being AAb positive for multiple
cMyBP-C fragments or the FL protein. Together, these
data suggest that cMyBP-C-AAbs are associated with
cardiac damage and worsened cardiac function in ACS
patients upon arrival to the ED.

DISCUSSION

We previously determined that myocardial damage
releases cMyBP-C (6), which may be an immuno-
genic trigger for cMyBP-C-AAb production in the
circulation. Here, we determined the antigenicity
of human cMyBP-C in various CVD patients
and demonstrated that AAbs targeting regions of
cMyBP-C are present in patients with ACS, DCM, and
HCM. Importantly, we have elucidated that the
increased fragment positivity of cMyBP-C-AAbs is
significantly positively associated with clinical
biomarkers of cardiac damage and significantly
negatively associated with heart function in ACS
patients. Previously, the cMyBP-C-AAbs detected by
Kasahara et al. (11) were found to react strongly with
residues 205-916 and weakly with residues 945-1270
of murine cMyBP-C. It was further shown that
cMyBP-C-reactive AAbs were present in 2 of 16 DCM
patient sera (11). Similarly, here, we identified
cMyBP-C as most highly antigenic across domains C3
to C10 in ACS, DCM, and HCM patients, and we have
extended the findings of Kasahara et al. (11) to other
CVDs with an increased patient number. Impor-
tantly, we have shown that pre-adsorption of
cMyBP-C-AAbs reduced AAb titers in AAb-positive
patients from all CVD groups, indicating specificity
of these AAbs for cMyBP-C.

The novelty of the present study is that within the
ACS patient group, we have demonstrated significant
associations among AAb status and ACS classification,
biomarker levels, and LVEF. For instance, a greater
percentage of C3 to C6, C6 to C8, C8 to C10, and FL-
cMyBP-C-AAb–positive patients could be classified as
STEMI patients than were NSTEMI or UA, which was
also the trend observed when comparing AAb-posi-
tive patients irrespective of the protein fragment.
Interestingly, an elevated percentage of patients who
were negative for AAbs to these regions could also be
classified as having STEMI than NSTEMI or UA.
However, a greater percentage of cMyBP-C-AAb-
negative patients were classified as having NSTEMI
than STEMI or UA when compared irrespective of the
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protein fragment. Given the differences in infarct
severity between STEMI and NSTEMI and their
respective association with cMyBP-C-AAb status, as
detailed in the previous text, we propose that cMyBP-
C-AAbs may serve as valuable early indicators of
cardiac function in ACS patients. Furthermore,
patients who were positive for AAbs spanning the
C3 to C10 regions of cMyBP-C had a significant
elevation in biomarkers of cardiac injury, including
brain natriuretic peptide, myoglobin, creatine kinase-
myocardial band, NT-proBNP, and cTnI. This could
indicate more severe cardiac damage in these in-
dividuals that may stimulate an inflammatory
response leading to increased AAb production (2).
Therefore, as discussed further in the following text,
we propose that increased myocardial damage in ACS
patients, possibly due to a partially blocked artery,
would limit the perfusion of oxygen-rich blood
to distal cells. This could potentiate cellular stress
and death leading to early myocardial damage and
cMyBP-C degradation, release into the circulation,
and the production of AAbs. Our data support this
theory, as the number of fragments for which ACS
patients were positive associated with increased
levels of cTnI and with patients having STEMI. This
could indicate increased myocardial damage that may
begin before complete artery occlusion and thrombus
formation.

STUDY LIMITATIONS. One limitation for our study is
the nondenaturing nature of the ELISA assay used
here. This could explain why FL-cMyBP-C had fewer
AAb-positive patients than did smaller fragments of
the protein. That is to say, the folding of a larger pro-
tein such as the FL protein limits the availability of
antibody epitopes for antibody recognition and bind-
ing, which could be why a reduced number of
AAb-positive patients was observed. Additionally,
although blood samples fromACS patients were drawn
upon arrival to the ED, it is possible that undiagnosed
minor infarcts or partial artery occlusion leading to
myocardial damage, as discussed in the previous text,
may have occurred before a complete infarction.
Therefore, progressive damage could have led to
augmented protein degradation and antibody forma-
tion and persistence within the circulation of suscep-
tible individuals before the hospitalizing infarction.
This would explain why AAbs could be identified in
blood sampled upon arrival to the ED. Nonetheless,
because these AAbs were present in ACS patients upon
arrival to the ED and were associated with increased
levels of serum biomarkers and reduced cardiac
function, they may serve as early predictive indicators
of the degree of cardiac dysfunction and/or patient
outcome in terms of the extent of myocardial damage
before infarction and percutaneous intervention. This
would be valuable to patients with ACS symptoms who
seek medical attention before an AMI event. At the
same time, however, these clinical associations only
serve as indirect evidence that cMyBP-C-AAbs are
prognostic indicators of cardiac function and patient
outcome. Although proving the relationship is well
outside the scope of the present paper, it will be the
subject of our future studies. Additionally, the
molecular mechanisms underlying the activity of
cMyBP-C-AAbs may have no causal relationship with
these clinical associations. It should be noted that
cMyBP-C is only 1 of several cardiac proteins proteo-
lyzed and released into the circulation upon cardiac
damage. Thus, it is possible that proteolysis of other
cardiac proteins may lead to AAb formation (2). For
example, released cardiac myosin and cTnI can
generate their own targeted AAbs and produce
myocarditis in animal models (2). As reviewed by Kaya
et al. (2), such autoreactive antibodiesmay act through
several mechanisms, including the formation of
immune complexes, activation of the complement
system, and interaction with cell-surface receptors, to
alter cell signaling (2). Therefore, in addition to
cMyBP-C and cMyBP-C-AAbs, we can suggest the
potential involvement ofmultiple cardiac proteins and
their respective AAbs in mediating the immune
responses involved in disease progression following
cardiac injury.

CONCLUSIONS

We demonstrated that cMyBP-C–targeted AAbs are
produced in patients with CVD. We further estab-
lished a strong clinical link between ACS patients
presenting with cMyBP-C-AAb positivity and a host of
clinical variables including, for example, classifica-
tion as NSTEMI or STEMI, LVEF, and levels of
serum biomarkers, indicating a potential role for
cMyBP-C-AAbs as early predictive indicators of
cardiac dysfunction and patient outcome before the
infarction.
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PERSPECTIVES

COMPETENCE INMEDICAL KNOWLEDGE: The abil-

ity to predict whether a patient with ACS symptoms will

be STEMI or NSTEMI provides an opportunity to deter-

mine infarct severity and patient outcome in terms of

cardiovascular function before the infarction. Therefore,

clinical treatment and life-style changes before a com-

plete infarction may limit ischemic damage and improve

patient survival.

TRANSLATIONAL OUTLOOK: ACS remains a leading

cause of morbidity and mortality worldwide. Complete

infarction of the coronary blood supply limits perfusion of

oxygen and nutrients to distal tissue, promoting cell

damage and death. Rapid diagnosis and percutaneous

intervention are critical to patient outcome and survival

following ischemic injury. Patient diagnosis relies upon

electrocardiogram recordings and the measurement of

the levels of circulating cardiac biomarkers of ischemic

injury. The identification of novel indicators that predict

cardiac function and infarct severity before an infarction

in individuals who are seeking medical attention for ACS

symptoms may steer clinical treatment. Here, we identify

cMyBP-C-AAbs as potential early clinical markers of

cardiac function and infarct severity in ACS patients.

Future studies are required to: 1) examine whether

cMyBP-C-AAbs contribute to cardiac dysfunction

following the infarction; and 2) develop a commercial

assay that could be used clinically for the identification

of cMyBP-C-AAbs.
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