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Differential expression of coxsackievirus and adenovirus
receptor in endomyocardial tissue of patients with myocarditis
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Abstract. Recent studies demonstrated that the expression of
coxsackievirus and adenovirus receptor (CAR) is implicated
in the pathophysiology of myocarditis. The aim of the present
study was to assess the association between active and border-
line myocarditis and CAR expression in endomyocardial
tissues, and analyze the association between CAR expression
and treatment response. An analytic, cross-sectional, retro-
spective study was performed in 26 patients with myocarditis
and 10 control subjects without heart disease. Myocardial
biopsies were obtained and CAR transcription was measured
by reverse transcription-quantitative polymerase chain reac-
tion analysis. The association between CAR mRNA levels
and the response to immunosuppressive or conventional
therapy (treatment responders, n=17; non-responders, n=9)
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or with the type of histological myocarditis (active myocar-
ditis, n=16; borderline myocarditis, n=10) was analyzed.
CAR transcription levels were significantly lower (P=0.012)
in patients with myocarditis compared with controls, and a
significant decrease was observed (P=0.023) in CAR mRNA
levels among patients with borderline myocarditis compared
with the no myocarditis group. Patients responding to therapy
exhibited higher CAR mRNA levels (P=0.036) compared
with patients not responding to treatment, as evaluated based
on clinical and echocardiographic criteria (immunosuppres-
sive therapy, n=8; conventional therapy, n=1). Myocarditis in
non-responders was associated with fewer clinical manifesta-
tions and lower CAR mRNA levels. A significant difference
was only found regarding the use of oral steroids in patients
with active myocarditis who responded to treatment (P=0.02),
with no difference in borderline myocarditis. In conclusion,
the transcriptional level of CAR is low in the endomyocardial
tissue of patients with myocarditis, and it is lower in borderline
myocarditis and in non-responder patients. These findings may
enable early identification of patients who may benefit from
treatment and timely determination of prognosis.

Introduction

Myocarditis is an inflammatory disease of the myocardium
with a wide clinical spectrum, ranging from asymptomatic to
fulminant heart failure (1-3). Myocarditis is underdiagnosed,
with an estimated incidence of 0.46-0.72 per 100,000 and
a prevalence to be approximately 22 per 100,000 popula-
tion annually (4). Autoimmunity and recent infection are
risk factors for the development of myocarditis. The main



2190

etiological agents are viruses, with, the most commonly iden-
tified including adenovirus, enterovirus (including coxsackie
virus), parvovirus B-19 and human herpesvirus (5). They
mainly affect younger patients (20-51 years), ~21% of whom
develop dilated cardiomyopathy (DCM), which is associated
with a deteriorating quality of life and physical inability to
work (6).

Coxsackievirus and adenovirus receptor (CAR) is a trans-
membrane 46-kDa protein of the Ig superfamily, located in the
complex binding between endothelial and epithelial cells (7,8).
It is a multifunctional molecule that interacts with proteins
involved in cellular communication, adhesion (adherent
junctions), binding to the cytoskeleton, regulation and signal
transduction, and it has recently been implicated in cardiac
remodeling and atrioventricular electrical conduction (7-9).
CAR is a common receptor for coxsackievirus and adeno-
virus, allowing viral binding and endocytosis (10). High CAR
mRNA levels have been detected during the late embryonal
and early postnatal period (11). CAR transcription is very
low in the normal heart, but was found to be overexpressed in
patients with DCM and ischemic heart disease; there were no
differences regarding age, sex, or CAR mutations between the
study groups (12-14).

Regarding the performance of CAR in the presence
of myocarditis, most information is derived from animal
studies (13,15-17). To the best of our knowledge, there are
no studies on the expression of CAR in patients with active
myocarditis, and only a few cases have been included in the
final sample of protocols with DCM (12-14,18). It remains
elusive which proteins are implicated in human myocarditis. In
animal models of myocarditis, a difference in the expression
of CAR has been documented, considering the time of evolu-
tion of the disease. Ito et al (15), reported that CAR expression
in rat hearts was low or undetectable prior to disease onset,
became evident during the active phase of myocarditis, and
decreased in the chronic phase. Similarly, the expression of
CAR was preceded by several days of massive inflammatory
cell infiltration, and was induced by inflammatory mediators
such as interferon vy, tumor necrosis factor a, interleukin 13
and nitric oxide synthase (19). Subsequently, CAR induced
stress-activated mitogen-activated protein kinase (M APK)
signaling, which may contribute to the development of
cardiac inflammation unrelated to the viral infection per se.
Consequently, the expression of CAR may not only be asso-
ciated with myocardial damage in acute myocarditis; due to
its role as a cell adhesion molecule (7,20,21), it may also be
associated with the phase of healing or regeneration of the
damaged myocardium. It is possible that MAPK and NOD2
mediate CAR expression in viral myocarditis (22,23).

The treatment of myocarditis varies, depending on the stage
and severity of the patient's clinical profile. Immunosuppressive
treatment (usually steroids and azathioprine) has long been
used in myocarditis, with varying indications, often based on
evidence of myocarditis with inflammatory cell infiltration and
inflammatory response. In our hospital, clinical criteria of high
probability include de novo arrhythmia, heart failure in a previ-
ously healthy patient, severe infectious conditions manifesting
prior to the onset of symptoms, low ejection fraction of unknown
etiology, and age <45 years, as well as the actual presence of
histological evidence of myocarditis. Those patients may receive
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immunosuppressive treatment and are classified as responders or
non-responders, based on their response to such treatment.

The aim of the present study was to assess CAR mRNA
levels in myocardial biopsies from patients with myocarditis,
in order to determine how these may contribute to the clinical
evolution of myocarditis.

Materials and methods

Study design and ethics statement. In this analytical
cross-sectional study, CAR mRNA levels were determined
by examination of endomyocardial biopsy specimens
obtained from patients with myocarditis (17 responders and
9 non-responders to immunosuppressive or conventional
therapy; 16 with active and 10 with borderline histological
myocarditis) (2,24), and subjects without myocarditis. The
present study was approved by the National Research Scientific
and Ethics Committee of Instituto Mexicano del Seguro
Social (IMSS). The study protocol conformed to the principles
outlined in the Declaration of Helsinki. All the participants
were informed on the nature of the study and provided written
consent.

Study population. The study included 36 patients (aged
>18 years) between January 2009 and May 2015. A total
of 26 patients were diagnosed with myocarditis by endo-
myocardial biopsy (histopathological, immunological and
immunohistochemical criteria). A total of 10 subjects who
underwent endomyocardial biopsy (EMB) for on suspicion of
myocarditis and in whom the histopathological findings were
not compatible with myocarditis, or myocardial samples
obtained by necropsies in which the histopathological find-
ings were considered as normal, comprised the non-cardiac
disease (NM group, without myocarditis also showed no
other signs of cardiovascular disease; the characteristics of
this group will be described in Results section). The samples
obtained from autopsies performed immediately after death
and that were formalin-fixed and embedded in paraffin for
their preservation. The patients were admitted to the Heart
Failure Clinic, Cardiology Hospital of the Centro Medico
Nacional Siglo XXI (CMN-Siglo XXI), IMSS, in Mexico
City. The treatment method was at the discretion of the
treating physician.

Sample/data collection. The endomyocardial samples were
collected from the Department of Pathology of the Cardiology
Hospital CMN-Siglo XXI; IMSS. For all cases, formalin-fixed
and paraffin-embedded samples were available. An expert
pathologist analyzed all the samples to confirm the diagnosis.

Socio-demographic data and clinical information were
recorded at the time of inclusion. The collected information
included age, sex, clinical presentation (medical history, symp-
toms, signs and non-invasive assessment) and histological
diagnosis. Other parameters included left ventricular ejection
fraction (LVEF), troponins, functional class, and response or
lack thereof to immunosuppressive therapy (evaluated based
on clinical and echocardiographic criteria) (24).

Histopathological examination. EMB was used for histopatho-
logical diagnosis by optical and electron microscopy. Sections



MOLECULAR MEDICINE REPORTS 20: 2189-2198, 2019

2191

Table I. General characteristic of the study population according to diagnosis with myocarditis by histopathological examination

and clinical criteria.

Variable Active myocarditis Borderline myocarditis P-value
n (%) 16 (61.5) 10 (38.5)
Age, years (Mean + SD) 354+13.9 36.9+13.7 0.792*
Sex, male/female ratio 8/8=1.0 9/1=9 0.088°
Cardiovascular risk factors
Diabetes mellitus, n (%) 0 (0) 1(10) 0.385°
Systemic hypertension, n (%) 0 (0) 3(30) 0.046°¢
Dyslipidemia, n (%) 1(6.3) 4 (40) 0.055°
Smoking, n (%) 6 (37.5) 5 (50) 0.689°
Body mass index (kg/m?), median (range) 26.7 (18.8-39.4) 27.7 (23.4-33.96) 0.562*
Background of recent infection
Airways, n (%) 7 (43.8) 7 (70) 0.248°
Gastrointestinal, n (%) 2 (12.5) 0(0) 0.508°

“Mann-Whitney U test. °Fisher exact test. “Pearson Chi square. “P<0.05.

from EMB were stained with hematoxylin and eosin (H&E).
The gold standard for diagnosis was EMB in conjunction with
determination of immunohistochemical markers, according
to the 1995 World Health Organization/International Society
and Federation of Cardiology classification of cardiomyopa-
thies (2). The histological level of inflammation in each lesion
was graded according to the Dallas criteria (25). The Dallas
criteria classify myocarditis as follows: i) Active myocarditis,
defined as an inflammatory infiltration of the myocardium
with necrosis and/or degeneration of adjacent myocytes, not
typical of ischemic damage associated with coronary artery
disease. The infiltrating cells are usually mononuclear, but
may include neutrophils and occasional eosinophils; and ii)
borderline myocarditis, which is a term used when the inflam-
matory infiltrate is small, or myocyte damage is not apparent.

All diagnoses and classifications were reviewed by hospital
expert pathologists who were blinded to the patients' clinical
data. According to the above mentioned criteria, 16 patients
were diagnosed with active myocarditis and 10 with borderline
myocarditis.

Deparaffinization and digestion of tissues. For RNA
extraction, the samples were obtained by deparaffinization
of formalin-fixed paraffin-embedded samples. For each
paraffin-embedded sample, 5 sections of 10 microns were
obtained. Between each microtome cut, the cutting blade was
wiped with ethanol to remove ribonuclease (RNase). Excess
paraffin around the section was removed with a razor knife.
The first two sections were removed due to the risk of the pres-
ence of RNases. The sections were immediately placed in a
microtube and 1 ml xylene was added, followed by incubating
twice for 3 min at 42°C with stirring, centrifuging at 18,407 g
between each incubation for 5 min and removing the super-
natant. The tissue was washed with 1 ml of absolute ethanol
three times for 3 min each time at room temperature with
stirring, with centrifugation at maximum speed 21,130 g each
time. The residual ethanol was allowed to evaporate until the

tissue was completely dry. A total of 350 ul tissue digestion
buffer [proteinase K treatment with 500 mg/ml mM Tris HCI
(pH 8), 10 mM EDTA, 1% SDS] was added per heart sample
and incubated at 42°C for ~24 h with stirring, until the heart
tissue had been lysed and digested (26).

Total RNA extraction and RNA purification. Total RNA
was extracted from degraded heart tissues by adaptation of
the hot phenol method (27). Briefly, after the lysed sample
was obtained, 500 ul of phenol acid preheated to 65°C was
added, vortexed and incubated at 65°C for 5 min. The samples
were centrifuged at 18,407 g for 5 min at room temperature.
The aqueous phase was transferred to a clean microtube
with 1 ml of cold absolute ethanol and incubated at -70°C
for at least 30 min. The RNA was pelleted by centrifuga-
tion at 18,407 g for 10 min at 4°C. Pellets were washed by
adding 1 ml 70% cold ethanol and centrifuged at 13,523 g
for 2 min at 4°C to precipitation. The pellets were dried in
the Centrifugal Vacuum Concentrator 5301 (Eppendorf). The
pellets were resuspended in 30 ul ultrapure DEPC-treated
water (Invitrogen; Thermo Fisher Scientific, Inc.). DNA was
removed with the Turbo DNA-Free kit (AM1907; Ambion;
Thermo Fisher Scientific, Inc.). The amount and quality of
RNA were evaluated by measuring the optical density (OD) at
260/280 ratios using a Nanodrop spectrophotometer (ND-100,
Nanodrop, Thermo Fisher Scientific, Inc.). The RNA quality
was assessed using a bleach gel with 2% agarose, as previ-
ously described (28).

CAR expression by reverse transcription quantitative PCR
(RT-qPCR) analysis. The quantification of CAR transcrip-
tion from the samples was performed by RT-qPCR using
LightCycler® 480 SYBR Green I Master (4707516001; Roche).
cDNA was synthesized with 100 ng of each RNA sample,
0.22 pg/pl random hexamer primers and 2 U/ul Reverse tran-
scriptase of Moloney Murine Leukemia Virus (M-MuLV-RT;
Thermo Fisher Scientific, Inc.). The cDNA generated was used



2192

for qPCR using a LightCycler 480 thermocycler (Roche) and
the following primer pairs: For the human CAR gene, 5'-GCC
CACTTCATGGTTAGCAG-3' and 5-TACGGCTCTTTG
GAGGTGGC-3' (13). For the housekeeping [-globin gene,
5'-ACACAACTGTGTTCACTAGC-3' and 5"TGGTCTCCT
TAAACCTGTCTTG-3'; and for the B-actin gene, 5'-TCG
TGCGTGACATTAAGGAG and 5-TTGCCAATGGTGATG
ACCTG 3'. The PCR reactions were carried out in a total
volume of 10 ul, containing 1.5 ul molecular grade sterile
water included in the commercial kit, 0.5 pl of each specific
primer pair corresponding to a concentration of 20 M, 2.5 ul
cDNA to the appropriate dilution, and 5.0 1 of the mixture of
2X Master SYBR Green I, which contains FastStart Taqg DNA
polymerase, reaction buffer, ANTP mixture, fluorochrome
SYBR Green I and MgCl,. Each sample was assessed in trip-
licate. The qPCR analysis was performed using the following
optimized assay conditions: Denaturation at 95°C for 10 min,
followed by amplification repeated for 45 cycles at 95°C for
10 sec, quantification at 58°C for 20 sec and extension at 72°C
for 30 sec with single-measurement fluorescence. A melting
curve analysis was run at 95°C for 10 sec, 65°C for 1 min with
continuous measurement of fluorescence at 97°C, and finally
a cooling step at 40°C for 10 sec. Analysis of the melting
curve after each run was performed to confirm the specificity
of the primers. The mRNA levels of CAR were calculated
from the relative quantification of CAR and the level of
reference genes determined for each sample (29). For mRNA
level quantification, the AACq method was used (30). Genes
coding for B-globin and/or (3-actin were used as reference for
normalization.

Statistical analysis. Differences among =3 groups were
compared by one-way analysis of variance followed by
post-hoc Scheffe's test, or by the Kruskal-Wallis test followed
by Mann-Whitney U test for non-normally distributed vari-
ables. For comparison of CAR expression, the latter tests were
used, as they do not assume a normal distribution. A two-tailed
P<0.05 was considered to indicate statistically significant
differences. Bivariate analysis was used for categorical vari-
ables with Pearson Chi-squared or Fisher's exact test for small
samples.

Results

Subjects. A total of 36 patients were included in the
cross-sectional study, among whom 10 patients did not meet
the criteria for myocarditis and non-cardiac disease (NCD)
and were considered as the control group without myocarditis
(no myocarditis; NM group). The NM group mainly comprised
samples obtained from autopsies preserved over a period of
5 years; the median patients age was 38.3+13.8 years, the sex
ratio was 1:1, and the main diagnosis was hemorrhagic stroke
(50%) and thrombophilia. Cases with a history of treatment
with immunosuppressants or immunomodulatory drugs,
history of ischemic heart disease, systemic viral infections,
autoimmune diseases, congenital or acquired immunodefi-
ciencies and cancer were excluded. Also, histologically, the
myocardium was considered normal, without any evidence
of ischemia, myocarditis or other cardiac disease that would
interfere with our analysis. The remaining patients (n=26) were
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Figure 1. Distribution in frequency of treatment with oral steroids in
non-responders and responders, according to kind of myocarditis. It should
be noted that among subjects with active myocarditis, these was a greater
frequency in oral steroid treatment. Regarding analysis of the treatment used
with relation to the kind of myocarditis, significant difference was only found
for the use of oral steroids in subjects with active myocarditis, being higher in
the responders ("P=0.02, Pearson Chi square).

diagnosed with myocarditis by histopathological and clinical
criteria; 16 patients had active myocarditis and 10 had border-
line myocarditis according to the Dallas criteria (Table I).

Active and borderline myocarditis. The group of patients
with active myocarditis comprised 8 men and 8 women, with
a mean age of 35.4+13.9 years, while the borderline myocar-
ditis group included 9 men and 1 woman, with a mean age of
36.9+13.7 years. No difference in age was observed between
the NM group and patients with active myocarditis or those
with borderline myocarditis. The main characteristics at the
time of diagnosis according to histopathological examina-
tion (active and borderline myocarditis) are summarized
in Table II.

No differences in clinical presentation (dyspnea, chest pain,
palpitations, syncope), functional class, findings on physical
examination, laboratory and electrocardiography findings and
echocardiography findings were observed between the two
groups. Significant differences between active and borderline
myocarditis were only found in terms of cardiac frequency
(P=0.015), LVEF (P=0.005) and tricuspid annular plane
systolic excursion (TAPSE) (P=0.01; Table II).

A total of 17 (65.4%) of the 26 patients histologically
diagnosed with myocarditis by endomyocardial biopsy exhib-
ited a satisfactory response to therapy (Table I1I), confirmed
by echocardiographic variables before and after medical
treatment, and according to the definition of such groups by
Frustaci et al (24). A total of 11 (64.7%) of the responder
patients had active myocarditis and 6 (35.3%) patients had
borderline myocarditis. Regarding analysis of the treatment
used with relation to the type of myocarditis, the frequency
was higher (P=0.02; Pearson Chi square) for the use of oral
steroids in responders compared with non-responders in
subjects with active myocarditis; there was no significant
difference in the use of steroids between responders and
non-responders in borderline myocarditis (Fig. 1). Significant
differences in cardiac frequency (P=0.01), tachyarrhythmia
(P=0.046), LVEF (P=0.004) and TAPSE (P=0.016) were
found at the time of diagnosis between responders and
non-responders (Table I'V). The responders exhibited a higher
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Variable Active n=16 Borderline n=10 P-value
Clinical symptoms
Dyspnea, n (%) 8 (50) 7 (70) 0.428°
Chest pain, n (%) 10 (62.5) 6 (60) 0.609°
Palpitations, n (%) 6 (37.5) 1(10) 0.190°
Syncope, n (%) 5(31.3) 2 (20) 0.668°
Functional class (NYHA)
CF-I-1I, n (%) 13 (81.3) 9 (90) 0.496°
CFIII-1V,n (%) 3(18.8) 1(10) 0.496°
Physical findings upon exploration
Cardiac frequency (bpm) median (range) 90 (30-130) 67 (40-88) 0.015%4
Hypotension, n (%) 0 2 (20) 0.138°
Rales, n (%) 4 (25) 3 (30) 0.562°
Laboratory findings
Maximum troponin, median (range) (ng/ml) 2.4 (0.01-30) 0.05 (0.1-13.3) 0.238*
Total CPK maximum, median (range) (U/1) 595 (56-2,444) 185.5 (63-1,690) 0.350*
Total CPK-MB maximum, median (range) (Ul) 46.5 (1-301) 22 (15.4-138) 0.433*
Electrocardiograph findings
Prolonged QRS (>120 m sec), n (%) 6 (37.5) 4 (40) 0.609°
AV blockage, n (%) 4 (25) 2 (20) 0.580°
Tachyarrhythmia, n (%) 8 (50) 2 (20) 0.218°
Echocardiograph findings
LVEF (%) median (range) 35 (13-57) 60 (31-70) 0.005%¢
LVEF <45%, n (%) 8 (50) 5(50) 0.656°
Right ventricular dysfunction, n (%) 4 (25) 3 (33) 0.673°
Ventricular dysfunction, n (%) 9 (56) 5 (50) 0.756°
PASP (mmHg) median (range) 30.5 (17-46) 37.5 (25-50) 0.053*
TAPSE (mm) median (range) 18 (11-27) 21,5 (19-26) 0.01724

“Mann-Whitney U test. "Fisher exact test. Pearson Chi squared. 9P<0.05, °P<0.01. NYHA, New York Heart Association; CF, Functional
class; bpm, beats per minute; CPK, Creatine phosphokinase; MB, isoform muscle/brain; AV, atrioventricular; LVEF, Left ventricular ejection
fraction; PSAP, Pulmonary artery systolic pressure; TAPSE, Tricuspid annular plane systolic excursion.

(P=0.038) level of ventricular dysfunction (LVEF <45% and/or
right ventricular dysfunction).

The median follow-up time was 12 months (range,
2-72 months), which was mainly determined by the time the
diagnosis was made. The responder patients had significantly
lower initial LVEF and initial pulmonary artery systolic pres-
sure (P=0.017; Table V), whereas the non-responders exhibited
deterioration of the initial LVEF (median decrease of 10%;
range, 1-20%).

CAR expression in myocarditis. The expression levels of
CAR were significantly lower in patients with myocarditis
(P=0.012) compared with those in the NM group (Fig. 2A).
CAR expression was significantly lower in patients with
borderline myocarditis [P=0.023; median, 3.5 (range,
0.70-435.5)] and active myocarditis [P=0.029; median, 12.3
(range, 0.26-71.3); Mann-Whitney U test)] compared with that
in the NM control group [median, 30.7 (range, 10.8-94.6)]
(Fig. 2B).

The CAR mRNA levels according to treatment response
are shown in Fig. 2C [improvement assessed by clinical and
echocardiographic criteria, as defined by Frustaci et al (24)].
Responder patients exhibited higher transcription of CAR
(P=0.036, Mann-Whitney U test) [median, 15.9 (range,
0.14-435)] compared with non-responders [median, 1.5 (range,
0.7-23.8)]. The CAR mRNA levels were significantly lower in
non-responder patients with myocarditis (P=0.001) compared
with those in the NM control group. This difference was
estimated by relative expression of the housekeeping genes
[-actin and B-globin (data not shown).

Discussion

The present study involved NM patients and patients
with myocarditis. In line with the findings reported by
Hufnagel et al (31), we observed that the main clinical manifes-
tations in symptomatic patients included chest pain, dyspnea,
palpitations and syncope, in that order of frequency. In the
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Table III. General description of the study population according the treatment response.

Variable Responders Non-responders P-value®
n (%) 17 (65.4) 9 (34.6)
Age, years (Mean + SD) 36.4+14.3 3524132 0.850*
Sex, male/female ratio 12/5=2.4 5/4=1.25 0.528"
Myocarditis
Active, n (%) 11 (64.7) 5(55.6) 0.692°
Borderline, n (%) 6(35.3) 4(44.4) 0.692°
Treatment
Immunosuppressive, n (%) 14 (82.4) 8 (88.9) 0.569°
Conventional, n (%) 3(17.6) 1(11.1) 0.569°
Cardiovascular risk factors
Diabetes mellitus, n (%) 1(5.9) 0 (0) 0.654°
Systemic hypertension, n (%) 2 (11.8) 1(11.1) 0.732°
Dyslipidemia, n (%) 5(294) 0 (0) 0.129°
Smoking, n (%) 7(41.2) 4(44.4) 0.598°
Body mass index (kg/m?), median (range) 26.5 (18.8-39.4) 27.7 (22.4-29) 0.957*
Antecedent of recent infection
Airways, n (%) 10 (58.8) 444 4) 0.683°
Gastrointestinal, n (%) 2 (11.8) 0 (0) 0.529°
"Mann-Whitney U test. °Fisher exact test.
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Figure 2. Transcription of CAR, using f-actin as a reference gene for normalization. (A) CAR mRNA levels in patients with myocarditis (n=26) vs. no myocarditis.
(B) According to the different types of myocarditis; borderline myocarditis (n=10) and active myocarditis (n=16) vs. no myocarditis, and in relation to treatment
response; (C) treatment responder patients (n=17) and non-responders to therapy (n=9) vs. no myocarditis. CAR, coxsackievirus and adenovirus receptor.
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Variable Responders n=17 Non-responders n=9 P-value
Clinical symptoms
Dyspnea, n (%) 12 (70.6) 3(33.3) 0.103°
Chest pain, n (%) 12 (70.6) 4(444) 0.234°
Palpitations, n (%) 3(17.6) 4(44.4) 0.188°
Syncope, n (%) 3(17.6) 444 4) 0.188°
Functional class (NYHA)
CF-I-1I, n (%) 15 (88.2) 7(77.8) 0.591°
CF II-1V, n (%) 2(11.8) 2(22.2) 0.591°
Physical findings upon exploration
Cardiac frequency (bpm) median (range) 90 (30-130) 67 (40-88) 0.010¢
Hypotension, n (%) 2 (11.8) 0 0.529°
Rales, n (%) 6 (35.3) 1(11.1) 0.357°
Laboratory
Maximum troponin, median (range) (ng/ml) 7.9 (0.01-30) 3.3(0.01-13.3) 0.26*
Total CPK maximum, median (range) (U/1) 806 (56-2,444) 438 (63-1,690) 0.38*
Total CPK-MB maximum, median (range) (U/1) 72 (1-301) 43 (15-138) 0.445*
Electrocardiograph findings
Prolonged QRS (>120 msec), n (%) 6(35.3) 4(44.4) 0.692°
AV blockage, n (%) 4(23.5) 2(22.2) 0.580°
Tachyarrhythmia, n (%) 4 (23.5) 6 (66.7) 0.046°¢
Echocardiograph findings
LVEF (%) median (range) 35 (13-57) 60 (31-70) 0.00424
LVEF <45%, n (%) 11 (64.7) 2(22.2) 0.097°
Right ventricular dysfunction, n (%) 7(412) 0 0.057°
Ventricular dysfunction, n (%) 12 (70.6) 2(222) 0.038¢
PASP (mmHg) median (range) 34 (17-50) 27 (25-40) 0.181*
TAPSE (mm) median (range) 18 (11-27) 21.5 (19-26) 0.016%¢

“Mann-Whitney U test. "Fisher exact test.°P<0.05. P<0.01. NYHA, New York Heart Association; CF, Functional class; bpm, beats per minute;
CPK, Creatine phosphokinase; MB, isoform muscle/brain; AV, atrioventricular; LVEF, Left ventricular ejection fraction; PSAP, Pulmonary

artery systolic pressure.
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Figure 3. Proposed pathophysiological mechanisms that could explain the presence or absence of response to treatment in myocarditis. (A) Represents the
scenario proposed in patients with response to treatment; in these patients there is an up-regulation of CAR mRNA levels, which has been related to the STAT1
signaling pathway, as well as a greater inflammatory response mediated by JNK and p38MAPK with increased synthesis of interferon gamma (INF-v), tumor
necrosis factor oo (TNF-a), interleukin 1p (IL-1p) and nitric oxide synthase (iNOS); thus, CAR induces signals that activate cellular effectors and cytokine
responses characteristic of innate or acquired immunity independently of viral infection type. In this sense, the use of immunosuppressants or immunomodula-
tors may be important because it blocks the inflammatory effect of the over-expression of CAR mRNA levels without affecting its cellular adhesion molecule
function, which has been associated with the healing phase or regeneration of damaged myocardium. (B) Represents the scenario in patients without response
to treatment; in these patients there is a lower transcription of CAR; however, the rest of the pathophysiological pathway is still unknown [modified from

Ghigo et al (36)].
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Table V. Echocardiographic behavior of patients in relation to response to treatment.

Variable Responders Non-responders P-value®
LVEF (%)

Initial 35 (13-57) 60 (31-70) 0.004%¢

Follow-up 60 (26-75) 42 (24-66) 0.155*
Diastolic VI diameter (mm)

Initial 54 (40-72) 48 (43-77) 0.646*

Follow-up 48 (33-58) 51(41-77) 0.513*
Systolic VI diameter (mm)

Initial 40 (30-61) 32 (28-65) 0.145*

Follow-up 32 (20-51) 39 (20-57) 0.281*
PASP (mmHg)

Initial 34 (17-50) 27 (25-40) 0.168*

Follow-up 29 (22-43) 35 (25-47) 0.065*
TAPSE (mm)

Initial 18 (11-27) 21 (16-26) 0.016*

Follow-up 21(17-27) 20 (18-24) 0.669*

Data are presented as median (range). ‘Mann-Whitney U. ®P<0.05. P<0.01. LVEF, Left ventricular ejection fraction; PSAP, Pulmonary artery

systolic pressure; TAPSE, Tricuspid annular plane systolic excursion.

literature, a history of recent infection is reported as one of the
main predisposing factors for the development of myocarditis.
The presence of this factor (mainly airway infections) was
documented in over half of the population of the present study.

Myocarditis can be classified considering several char-
acteristics, which emphasize, among others, causal agent,
histological findings (Dallas criteria) (32), time of evolution
and clinicopathological background (33). However, histolog-
ical classification remains the gold standard for its diagnosis.
In the present study, no statistically significant differences
were observed between the two groups (active and borderline)
in terms of age, cardiovascular risk factors and predisposing
factors. Regarding the initial clinical presentation, patients
with active myocarditis presented with higher heart rate, as
well as lower LVEF and TAPSE, compared with borderline
myocarditis, in contrast to the study of Angelini et al (34),
who reported a higher incidence of left bundle branch block
in patients with borderline myocarditis, as well as higher
left ventricular end-diastolic volume and lower ventricular
mass/volume ratio. However, despite the clinical differences,
the presence of myocardial necrosis is not considered an
indicator of unfavorable prognosis, as might be expected; the
histological finding of active or borderline myocarditis does
not affect the evolution and severity of the disease, or the
response to treatment.

In animal models of myocarditis, a differential expres-
sion was observed in each of the stages of this pathology
according with the evolution time. Ito et al (15) reported
that the expression of CAR in rat hearts was low or unde-
tectable prior to disease onset, became evident during the
active phase of myocarditis and decreased in the chronic
phase. The CAR transcriptional level was found to be lower
in patients with myocarditis compared with that in controls,

and it was lower in patients with borderline compared
with those with active myocarditis. These results are in
agreement with Kaur et al (12), who evaluated 9 cases of
myocarditis, without finding a statistically significant asso-
ciation between CAR positivity and active myocarditis in
any of the groups.

The study of myocarditis in humans is limited by ethical
issues, therefore it was necessary to revert to autopsies in order
to establish reference points. The use of myocardial tissue
from autopsies as control samples for experimental studies
in myocarditis has been carried out by several international
researchers. Tatrai et al (14), in a period from 2005 to 2008,
used 10 controls to assess the expression of CAR mRNA
and mutations of the CAR gene, the myocardial tissue was
obtained from individuals who died suddenly of accident or
suicide. Also, Kaur et al (12) determined the expression of
CAR in myocardial tissue, the study was performed on autop-
sied myocardial tissues preserved over a period of 10 years,
formalin-fixed, collected from 26 myocarditis/DCM patients
and 20 cases each of NCD and cardiac disease other than
DCM were included as control groups (12).

Of note, the focus of the present study was the behavior
of CAR considering in terms of response to treatment. To
the best of our knowledge, this is the first study to docu-
ment higher transcription of this molecule in patients with
adequate response to treatment, despite the fact that these
patients exhibited greater ventricular dysfunction at the time
of diagnosis.

The treatment of myocarditis remains debated upon, since
the use of immunosuppression and/or immunomodulation is
not universally accepted, and there is lack of evidence-based
guidelines in favor of such therapeutic options. However,
there is currently no method that predicts whether a patient
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will respond to that treatment. The present study provided
molecular evidence of an increased level of CAR transcrip-
tion in patients responding to therapy (immunosuppressive
or conventional) compared with non-responders. In addition,
response to treatment among patients with active myocarditis
was associated with a greater frequency of oral steroid use
compared with non-responders. Moreover, the responder
patients had a higher incidence of ventricular dysfunction and
other abnormal clinical variables. These results support the
hypothesis of Ito et al (15) and Noutsias et al (35) regarding
the participation of CAR in the regeneration of damaged
myocardial tissue. However, a pro-inflammatory effect medi-
ated by CAR, where the use of immunomodulatory therapy
may be important, cannot be excluded [Fig. 3; modified from
Ghigo et al (36)].

The evidence of a higher transcriptional level higher
transcription of CAR in patients with response to treatment
compared with non-responders is of great value, since the
expression of this molecule may be a predictive factor in the
evolution of the disease and may determine the ability to
respond to treatment. Such an observation may also provide
physicians with valuable information to facilitate decisions
on whether to initiate immunomodulatory pharmacological
management, as suggested by Frustaci er al (24).

The sample size of the present study was small, but
myocarditis is underdiagnosed, and the results are in line
with those of other authors. Another limitation of the present
study was that it was impossible to analyze viral persistence
in EMB, although this was not a vital part of the study's objec-
tive.

In summary, CAR transcription was found to below in
the endomyocardial tissue of patients with myocarditis, and
it was lower in cases of borderline myocarditis. The CAR
mRNA levels were significantly higher in patients responding
to therapy versus non-responders. Patients not responding to
therapy may present with fewer clinical manifestations, lower
CAR transcription levels, and their outcome is less favor-
able. Thus, it is necessary to investigate differentially the
pathophysiological mechanisms involved in such patients. The
levels of CAR mRNA may not only be a prognostic factor, but
also a tool to guide the pharmacological management of the
patient with myocarditis.
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