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Background: The need for a laboratory marker of myocardial ischemia has been alluded to for at least the last
decade.

Aim: The aim of this study was to evaluate the diagnostic importance of the myosin light chain-1 (MLC-1), clusterin
and Reg-la in patients with suspected myocardial ischemia.

Methods: A group of 176 at high-risk for myocardial ischemia subjects was evaluated and divided into two subgroups
using myocardial SPECT (Single Photon Emission Computed Tomography) - individuals with and without signs of
myocardial ischemia. Laboratory markers in venous blood were repeatedly examined in all subjects: a) immediately
prior to SPECT: C-reactive protein, Haemoglobin, Hematocrite, Lactate, MLC-1, Clusterin, Reg-Ia b) at subjective
maximum: Hb, Htc, lactate, MLC-1, Clusterin, Reg-Ia ¢) 30 min after stress levels reached their peak: MLC-1, Clusterin,
Reg-la and d) 60 min after peak stress levels: MLC-1, Clusterin, Reg-la.

Results: Patients were divided into subgroups according to their positive and negative SPECT results (positive:
n=37; negative: n=139). MLC-1 values were different for all 4 blood collections. An increase in MLC-1 > 2.2 mg/1
showed 64 % sensitivity and 88 % specificity for the diagnosed presence of myocardial ischemia (AUC 0.81; LR+ 5.9;
PPV+ 68 % and NPV- 87 %). There was no significant difference between the groups in terms of Clusterin and Reg-la

for any of the sampling periods.

Conclusions: High diagnostic efficacy of detectable MLC-1 was shown for the diagnosis of latent myocardial ischemia.
Measurement of serum Clusterin or Reg-la did not sufficient for the diagnosis of latent myocardial ischemia.

INTRODUCTION

In the last few years several papers have reported on
the need for a new sensitive and in particular early test for
myocardial ischemia which would allow an early and effi-
cient therapeutic intervention. The search is based on the
commonly known disadvantages with the routinely used
laboratory markers of myocardial events (cardiac tropon-
ins - detect only myocardial necrosis) and performance
of stress testing (e.g. exercise stress test, myocardial Single
Photon Emission Computed Tomography - SPECT),
which are time-consuming and rather expensive'>.

A promising laboratory markers can be serum clus-
terin, Reg-Ia and myosin light chains-1 (MLC-1). Only
a few papers have described the good diagnostic efficacy
of these markers; Clusterin, Reg-Ioc and MLC-1 appears
to have a high diagnostic efficacy for the assessment of
myocardial damage. There is no valid information about
MLC-1, Clusterin or Reg-Ia assessment in the diagnosis
of latent or transient forms of myocardial ischemia.

The aim of the present paper was to confirm a possible
diagnostic utility for the above-mentioned markers in the
diagnosis of latent myocardial ischemia.

METHODS

Patients

A group of 176 subjects was tested (84 men and
92 women). Tested individuals were asymptomatic pa-
tients with a high risk of latent myocardial ischemia (in-
dividuals with numerous risk factors and risk according
to the Framingham algorithm over 20 % / 10 years or the
Cardio Score algorithm over 5 % /10 years) or individuals
with a history of asymptomatic forms of coronary artery
disease (CAD). None of the tested subjects had signs of
heart failure, acute coronary syndrome, and follow up for
nephropathy, diabetes mellitus treated with insulin or any
inflammatory disease.

All examined subjects gave their informed consent
according to the Helsinki Declaration and entered the
study.

Myocardial SPECT

Stress tests: Physical stress was performed on a bi-
cycle ergometer; a radiopharmacum was applied after
exceeding 85 % of maximal aerobic capacity or when the
exercise was limited by marked angina pectoris, ischemic
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changes on the ECG, severe arrhythmia, reduced blood
pressure'-2,

Gated SPECT: Gated SPECT was attained 15 min
after application of 740 MBq *"Tc-MIBI at maximum
stress. In the case of perfusion heterogeneity, resting ex-
amination was made another day (gated SPECT 1 hour
after application of **"Tc-MIBI). 8-frame gating was used
to collect data on a double detector scintillation camera
Siemens e.cam (Siemens Medical Solutions, Erlangen,
Germany) equipped with parallel collimators of LEHR
type, rotation angle of 180°, total 64 projections in a ma-
trix 64 x 64 from the a anterior oblique projection of 45°
into the a posterior oblique projection of 45°.

Evaluation of SPECT findings: Tomographic sections
of myocardial perfusions were evaluated visually and clas-
sified as normal findings and stress induced perfusion
defects. Quantitative analysis of perfusion was made on
polar maps. Summed stress score (SSS) and summed dif-
ference score (SDS) of myocardial perfusion, transient
ischemic dilatation (TID), area of left ventricle defect,
post stress, and resting LVEF were obtained by means
of an automatic quantitative program 4D-MSPECT
(University of Michigan, Ann Arbor, USA).

The results of SPECT were considered as standard for
the diagnosis of CAD*.

Definition of latent forms of myocardial ischemia

Latent forms of myocardial ischemia were defined as
SPECT positivity (SSS > 3) with negative ECG findings in
CAD asymptomatic individuals for use in this paper®-,

Laboratory examination and blood collection
The examination of biological material was made on

venous serum samples, citrate plasma and EDTA blood.

All parameters except MLC-1, clusterin and Reg-lo were

determined within 120 min after collection.

In all patients, the following laboratory examination
in venous blood was made:

a) immediately before SPECT: C-reactive protein (Ad-
via 1650, immunoturbidimetry, serum), Haemoglob-
in (Hb), Hematocrite (Htc) (MaxM Coulter, EDTA
blood), lactate (Advia 1650, citrate plasma), MLC-1,
Clusterin, Reg-Ia (ELISA line Marc+Max, serum),
cardiac Troponine I (Immulite Turbo, LEIA, serum)

b) at subjective maximum within SPECT: Hb, Htc, lac-
tate, MLC-1, clusterin, Reg-Ia

¢) 30 min after stress levels reached their peak: MLC-1,
Clusterin, Reg-la

d) 60 min after stress levels reached their peak: MLC-1,
Clusterin, Reg-la

To evaluate the dynamics of MLC-1, Clusterin and
Reg-la, the whole group was divided into subgroups ac-
cording to the results of SPECT (persons with signs of
myocardial ischemia on SPECT vs. individuals without
signs of myocardial ischemia). Division into the above-
mentioned subgroups was also used for plotting the ROC
curve for diagnostic efficacy of MLC-1, Clusterin and Reg-
Ia with respect to the presence of myocardial ischemia
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during stress. The group of patients with SPECT positive
results (SSS > 3) was divided into patients with perma-
nent or reversible form of myocardial ischemia® *.

Laboratory determination of MLC-1, Clusterin and
Reg-la

Collection for MLC-1, Clusterin and Reg-la was
made from peripheral venous blood; determination was
performed from the serum. After collection, each sample
was kept at room temperature for 60 minutes. Then cen-
trifugation was performed (10 minutes, 1100 g at 4 °C)
and the samples were frozen at -80 °C.

MLC-1, clusterin and Reg-la were determined within
3 months after material collection and after adaptation
to room temperature (25° C). All samples were examined
in duplicate.

The ventricular form of MLC-1 (vVMLC-1) was deter-
mined by the ELISA method (Biovendor Inc.) in sandwich
arrangement. A combination of two murine monoclonal
antibodies was used for determination. Basic analytical
characteristics of the method: CV in a series < 5 %, CV
between series < 8 % in calibration spectrum /width/,
functional sensitivity 0.5 mg/l. Analytical specificity: 10 %
cross reactivity against MLC-2 and 20 % against MLC
skeletal muscles (enclosed leaflet of Biovendor Inc.).

Reg-la was determined by the ELISA method
(Biovendor Inc.) in sandwich arrangement. Basic analyti-
cal characteristics of the method: CV in a series < 4 %,
CV between series < 9 % in calibration spectrum /width/,
functional sensitivity 5 ug/l1.

Serum Clusterin was determined by the ELISA meth-
od (Biovendor Czech Republic, two anti-human Mouse
monoclonal antibody, human serum based calibrator)
in sandwich arrangement. Basic analytical characteristics
of the method: CV in a series < 6 %, CV between series <
9 % in calibration spectrum /width/, functional sensitivity
5000 kU/1.

Statistical data processing

The data were processed by means of the Medcalc
software. Associated constants are expressed as mean +
standard deviation and median, unless indicated other-
wise. The levels of MLC-1 in the subgroups were com-
pared using variance analysis (ANOVA, Kruskal-Wallis
according to distribution type) and by means of ROC
analysis. The concentration of MLC-1, clusterin and Reg-
I as well as other quantities were mutually correlated
using a Spearman correlation coefficient. Category data
were compared by using x? test. Probability value p < 0.05
was considered as statistically significant. Normality was
evaluated by the x? test.

RESULTS

37 individuals were SPECT positive (27 %), 139 sub-
jects (63 %) had no SPECT signs of myocardial
ischemia.

After division into two subgroups according to SPECT
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of myocardial ischemia
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Fig. 1. Receive operating curve (ROC) for MLC-1 prior

SPECT with respect to myocardial ischemia signs
at SPECT

for presence of myocardial ischemia, the two subgroups
differed significantly only in MLC-1 concentrations in all
4 collections (medians in mg/1; 3.1 vs. 0.5 in collection 1;
3.1 vs. 1.3 in collection 2; 2.9 vs. 0.5 in collection 3; 3.4
vs. 0.5 in collection 4). The age of subjects, as well as lac-
tate, CRP, Reg-la, Clusterin or energetic output in endur-
ance testing did not differ significantly. Individuals with
negative SPECT results had significantly higher values of
maximum heart rates and stress LVEF. As the SSS, SDS,
area of left ventricular defect and TID are comprised in
the evaluation criteria for SPECT, a significant difference
is not seen here (Tab. 1). MLC-1 values did not differ by
gender (p = 0.81).

Individuals with reversible defects of myocardial per-
fusion had higher basal values of MLC-1 than individuals
with a fixed defect (MLC-1 values did not differ in individ-
uals with a fixed defect of myocardial perfusion and sub-
jects without myocardial ischemia (Tab. 2). Examination
of the correlation showed a positive significant relation-
ship between MLC-1 prior SPECT and the value of SSS
(c=0.27,p=0.01), SDS (c =0.26; p = 0.01), area of left
ventricle defect (c = 0.27; p = 0.01). A negative correla-
tion between MLC-1 concentrations prior to stress and
maximum heart rate (¢ = -0.23; p = 0.01) was detected.
Very close correlations were found between MLC-1 dur-
ing stress (0.92 - 0.97; p < 0.01). No other significant
correlations were observed between MLC-1 under basal
conditions or during stress and any other measured pa-
rameters. Especially interesting is the finding in the values
of serum creatinin, LVEF, stressEF a restEF, which could
be expected on the basis of preliminary results obtained
in other studies. With respect to the insignificant differ-
ences in MLC-1 during repeated collection, the diagnostic
efficacy of MLC-1 was tested under basal conditions for
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Fig. 2. Comparison of MLC-1 values prior SPECT (dem-

onstrated median + 95% CI) in patients according
to SPECT signs of myocardial ischemia

the diagnosis of myocardial ischemia detected by SPECT.
Figures 1 and 2 indicate 64 % sensitivity and 88 % spe-
cificity for the diagnosis of the presence of myocardial
ischemia for MLC-1 over 2.2 mg/1 (AUC 0.81; 95 % CI
0.72 - 0.88; LR+ 5.9; PPV+ in our group was 68 % and
NPV - 87 %).

DISCUSSION

Diagnosis of myocardial ischemia is based on a com-
bination of many tests. No gold standard for the profile of
myocardial ischemia diagnosis currently exists.

SPECT appears to be possible diagnostic method for
myocardial ischemia estimating. Recent papers have ac-
knowledged the diagnostic importance of SPECT for risk
stratification and therapy planning'->.

Patients with normal stress myocardial perfusion
have a good prognosis in cardiovascular complication
occurrence’.

Individuals with mild myocardial ischemia (mild ab-
normality of myocardial perfusion without post ischemic
myocardial stunning, SSS values between 4-8; TID < 1.17;
no decline in stress LVEF) have a relatively favourable
prognosis and can be treated conservatively. Invasive in-
tervention has to be executed at SSS values > 9 as well
as in situations with SSS between 4-8 and signs of myo-
cardial stunning are present at the same time (TID > 1.17
or declension of stress LVEF)!->. For all SPECT is very
efficacious on myocardial ischemia diagnostics; this is a
time-consuming, rather sought after. The examination
of some proteins with different expression through myo-
cardial injury is one of the possibilities for myocardial
ischemia testing.
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Table 1. Measured parameters, two subgroups according to signs of myocardial ischemia using SPECT
(Single Photon Emission Computed Tomography).

Myocardial ischemia Myocardial ischemia
Parameter (units) YES, n = 37 NO,n =139 Differences
X Median SD |l X Median SD | o

MLCI1-1 (mg/1) 3.8 3.1 3.1 No 1.6 0.5 4.9 No | *p<0.0001
MLCI1-2 (mg/l) 4.1 3.1 3.2 No 1.8 1.1 3.9 No | *p<0.0001
MLCI1-3 (mg/1) 3.9 2.9 3.0 No 2.0 0.5 5.4 No | *p=0.0003
MLC1-4 (mg/1) 4.2 34 3.3 No 1.8 0.5 4.9 No | *p=0.0002
Clusterin-1 (kU/1) 157069.0 | 151298.0 | 21287.0 | Yes | 171764.0 | 168987.0 | 24872.0 | Yes p=0.13
Clusterin-2 (kU/1) 182392.0 | 171311.0 | 24369.0 | Yes | 181882.0 | 179126.0 | 21239.0 | Yes p=0.97
Clusterin-3 (kU/1) 161564.0 | 163218.0 | 29850.0 | Yes | 152347.0 | 154784.0 | 28987.0 | Yes p=0.29
Clusterin-4 (kU/1) 164429.0 | 165154.0 | 32254.0 | Yes | 157777.0 | 159137.0 | 22987.0 | Yes p=0.59
Reg-I alpha -1 (ug/l) 589.9 572.2 298.9 No 700.8 552.3 751.6 No p=0.59
Reg-I alpha - 2 (ug/1) 605.7 553.7 211.6 No 687.4 590.1 511.6 No p=0.47
Reg alpha - 3 (ug/l) 511.4 581.1 305.2 No 651.1 549.5 487.0 No p=0.69
Reg alpha - 4 (ug/l) 604.8 569.4 297.4 No 697.4 542.8 397.4 No p=0.81
CRP (mg/1) 11.9 11.2 9.4 No 10.7 9.6 6.9 Yes p =0.61
Hbl (g/1) 142.3 146.0 13.2 No 140.0 142.0 13.3 Yes p=0.44
Hb2 (g/1) 149.7 154.5 15.2 No 147.6 150.0 13.0 Yes p=0.31
Htd (1) 0.43 4.0 0.04 Yes 0.42 0.42 0.04 Yes p=0.33
Htc2(1) 0.46 0.48 0.05 No -0.45 0.45 0.04 Yes p=0.21
Lactatei (mmol/1) 2.0 2.0 0.6 Yes 2.2 0.58 0.26 Yes p=0.3
Lactate2 (mmol/1) 6.3 6.2 2.1 Yes 6.5 6.7 2.2 Yes p=0.46
StressEF (%) 54.0 55.5 12.7 Yes 66.2 69.0 8.0 No | *p<0.0001
RestEF (%) 54.9 57.5 11.1 Yes 58.7 60.0 6.7 Yes p=0.18
SSS (u) 10.9 9.0 9.7 No 0.24 0.0 2.3 No | *p<0.0001
SDS (u) 5.2 3.0 0.95 No 0.06 0.0 0.6 No | *p<0.0001
Area of LV defect (%) 21.3 18.5 0.83 No 0.37 0.0 8.3 No | *p<0.0001
TID (u) 1.18 1.16 0.21 Yes 0.97 1.0 0.23 No | *p=0.0009
Heart Rate max (bit/min) 131.0 136.5 25.8 Yes 148.7 154.0 21.9 Yes | *p=0.0001
Output (w/kg) 1.48 1.5 0.4 Yes 1.5 1.5 0.48 Yes p=0.73
Age (years) 65.4 67.0 9.0 Yes 61.8 63.0 10.6 Yes p=0.09
Sex 28 men, 9 women 56 men, 83 women p=0.09

X - mean, SD - standard deviation, Differences * - statistically significant differences

Hb - haemoglobin, Parameter X 1-4 - samples prior SPECT, at subjective maximum, 30 min after the stress, 60 m in
after the stress; Htc - hematocrit, SSS - summed stress score; SDS - summed dilatation score; StressEF - post stress
LVEF; RestEF - resting LVEF; TID - transient ischemic dilatation;

Myosin is a contractile protein composed of two heavy
chains (MW 200 kDa) and two light chains. The light
chains are termed MLC-1 (25 kDa) and MLC-2 (19 kDa).
In the organism there are several types of MLC (e.g.
MLC of skeletal muscles - sMLC, MLC of ventricles
- VYMLC, MLC of atria - aMLC). The damaged integrity
of cardiomyocytes (e.g. myocardial necrosis) leads to the
liberation of vMLC-1 from the myocardium into circula-
tion. Increased MLC may be found as early as 3-6 hours
after the event and maximal values are reached during
day 1-5 after the onset of necrosis (heavy chains occur
in circulation on day 2-10 after the onset of necrosis
and their maximal values are reached on day 5-6). An
enhanced MLC in circulation persists for one week. As
MLC is excreted by the kidneys, subjects with damaged
kidney function show higher values of MLC and the dy-
namics of changes are impaired after myocardial necrosis.
MLC is considered as marker of myocardial necrosis by

displaying sufficient sensitivity and specificity (MLC-1
occurs mostly in the heart as vMLC-1). Unfortunately,
poor quality of the diagnostic kits used has been reported.
Although MLC-1 is present mostly in ventricle myocar-
dium, is it not myocardium-specific (occurs also in skel-
etal muscle)®s. Elevated MLC-1 has also been described
in other cases of myocardial involvement, in addition to
ischemic necrosis (myocarditis). Several recent papers
have reported that elevated MLC-1 confirms the diagnosis
and, moreover, its concentrations may allow assessment
of necrotic focus extent for the short-term and long-term
outcome in patients (even with higher validity than tro-
ponin concentration)®-!!. Recently, information has shown
the high diagnostic efficacy of MLC-1 for the assessment
of minimal myocardial involvement’®. The disadvantage of
most diagnostic kits is their low myocardium specificity”
Several papers described enhanced MLC-1 in stabilized
patients with cardiac dysfunction (NYHA III); according
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of myocardial ischemia
Table 2. MLC-1 values prior SPECT in individuals with respect to fixed or reversible defect
of myocardial perfusion at SPECT.
Reversibile defect present n = 25 Reversibile defect no present n = 151 Difference
X Median SD Normality X Median SD Normality
Parameter _
MLCI-1 311 2.76 2.81 Yes 1.80 0.50 4.80 No p =0.005
Fixed defect present Fixed defect no present
1.90 0.85 2.57 Yes 2.00 0.50 4.74 No p=04

X - mean, SD - standard deviation, Difference - statistically significant difference

to MLC-1 concentration, mortality in these patients could
be predicted” ! 13, One of the reasons for elevated MLC-
1 in circulation in such patients may be due to degen-
eration of myofibrils with the subsequent release of their
components into circulation, which is often associated
with cardiac dysfunction. These structural changes may
accelerate the dysfunction of ventricles and enhance the
filling pressure. Another reason may be over-expression
of the MLC-1 gene, which may be due to excessive stress
of cardiomyocytes. This event may cause over-expression
of protein in myocardial cells and its release into circula-
tion. The question remains open whether such release
is associated with damaged structure of cardiomyocytes,
that is, whether a damaged structure is a pre-requisite.
An increased mortality in patients with elevated MLC-1
may reflect myocytary stress, impaired integrity of myocy-
tary membrane or damaged structure of cardiomyocytes,
which are associated with the release of intracellular
proteins into circulation. Striking is the information that
this phenomenon is observed in patients considered clini-
cally stabilized. MLC-I is also a substrate for caspase-3,
which is activated after triggering the apoptotic cascade.
Activated caspase-3 cleaves vVMLC-1, thus disrupting the
biologically effective vMLC-1, which is associated with
reduced contractility of the myocardium. A direct cleav-
age of vMLC-1 by caspase-3 may result in reduced myo-
cardial function through alteration of crossed bridging
between actin and myosin molecules. Thus, activation of
the apoptotic pathway in the heart may lead to contractile
dysfunction even before cell death'?. Our finding may sup-
port the hypothesis that the release of MLC-1 into circula-
tion occurs during “excessive” stress of cardiomyocytes.
Such stress may be either transient or latent myocardial
ischemia. It is almost certain that apoptosis (its relation
to MLC-1 mentioned above) plays an important role in
pathogenesis of CAD.

In 1984, a novel gene was found, which plays role in
various types of tissue regeneration'*-"*>. Recently, the re-
generating gene (Reg) has been documented to play an
important role in the regeneration of myocardium and
transcriptional activation of Reg in the heart in response
to heart stress has been detected. In damaged human
myocardium (e.g. myocardial infarction) Reg-1 gene
expression in fine granular pattern in the cytoplasm of
cardiomyocytes has been located. Reg protein secretion
into the serum after ischemia, and circulating levels of
the protein after myocardial infarction were higher than

those after aortic constriction. These results demonstrate
the Reg/Reg receptor system in damaged hearts. In view
of emerging evidence of Reg for tissue regeneration in a
variety of tissues/organs, it is proposed that the damaged
heart may be a target for Reg action and that Reg may
protect against acute heart stress's. However, our finding
do not support the hypothesis that the release of Reg-
Ia into circulation occurs during “excessive” short-term
stress of cardiomyocytes. Expression and concentration
of this protein is different, we think.

Clusterin (Apolippoprotein J; SP-40,40; TRPM-2;
SGP-2; pADHC-9; CLJ; T64; GP III; XIP8) is a highly
conserved disulfide-linked secreted heterodimeric glyc-
oprotein of 75-80 kDa but truncated forms targeted to
nucleus have also been identified. The protein is con-
stitutively secreted by a number of cell types including
epithelial and neuronal cells and is a major protein in
physiological fluids including plasma, milk, urine cer-
ebrospinal fluid and semen'. Due to its wide breath of
tissue distribution many diverse physiological functions
have been attributed to clusterin including sperm matu-
ration, membrane recycling, lipid transportation, tissue
remodelling, complement inhibition and cell-cell or cell-
substratum interactions. Moreover, it was propose, that
clusterin functions is as an extra cellular chaperon that
stabilizes stressed proteins in a folding-competent state
and protein has also been implicated in programmed cell
death. Another defining prominent of clusterin is its in-
duction in many severe physiological disturbances states
including kidney degenerative diseases, prostate and vesi-
cle carcinogenesis, ovarian cancer and several neurode-
generative conditions'®-?2, Recent study demonstrate, that
serum clusterin level increases significantly in diabetic
type 2 patients and in patients with developing coronary
heart disease, or myocardial infarction. These date raise
the possibility that elevated clusterin levels in serum may
represent a strong indication of vascular damage?*-2.
Up regulation of clusterin may contribute to the potent
antiatherosclerotic effects of shear stress by preventing
endothelial activation through the complement cascade.
Ischemia may be induces the up regulation of clusterin in
ischemically challenged, but viable, cardiomyocytes?>-%°.
No valid information about clusterin concentrations at
repetitive samples in course of stress excercisse tests or
in short delay after acute coronary syndromes were writ-
ten. However, our findings did not support the hypothesis
that the release of clusterin into circulation occurs during
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short-term “excessive” or long-term moderate stress of
cardiomyocytes in case of occurrence of latent myocardial
ischemia. Causation of these facts could be short-term or
weak stress of cardiomyocytes.

It can be concluded that our findings are unique for the
high diagnostic efficacy of a single assessment of MLC-1
for diagnosis of latent myocardial ischemia evaluated by
SPECT. This finding may be of crucial importance for
technical, economic and medical reasons. On the con-
trary, diagnostic efficacy of an assessment of Reg-lat or
clusterin for the diagnosis of latent myocardial ischemia
is insufficient. Further research is warranted to confirm
findings and improve diagnostics for CAD patients.
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