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Circulating Cardiac Troponin T in Skeletal Muscle
Disease: A Reflection of Re-expression
Phenomenon?

Kosit Sribhen, M.D., Dr. Med., Pusadee Luenee, M.Sc.
Department of Clinical Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand.

ABSTRACT

Determinations of cardiac troponin T (¢TnT) and cardiac troponin I (¢cTnl) have replaced creatine kinase
myocardial band (CK-MB) measurements as the “gold standard” biochemical methods for the detection of myocardial
injury and infarction. Due to their high myocardial tissue specificity, it can can be assumed with a high probability
that the troponins detected in the circulation are of cardiac origin. However, there have been several reports
in recent years which showed increased serum concentrations of ¢I'nT, but not of cTnl, in patients with skeletal
muscle disorders, in whom no clinical evidence of myocardial cell damage were observed. Since cTnT isoform, in
contrast to cTnl isoform, has been reported to be expressed in fetal skeletal muscle, there is the possibility that
this fetal cTnT isoform is re-expressed in diseased and regenerating adult skeletal muscle. Therefore, the reported
high myocardial tissue specificity of cTnT is to be questioned, and elevated cTnT concentrations found in patients
with destructive skeletal muscle disease should be cautiously interpreted as biochemical evidence of myocardial
cell injury.

This present review describes the physiological and pathophysiological aspects of cTnT and c¢Tnl in health
and disease, with special emphasis on the tissue expression of their isoforms in the fetal and adult hearts as well as
in the fetal and adult skeletal muscles. Previous and recent data, obtained from international databases (PubMed,
Scopus, Google Scholar), with reports on cardiac biomarkers in patients with acute and chronic skeletal muscle
disorders are summarized and the clinical implications of these findings are also addressed and discussed.
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Physiology of cardiac troponin isoforms

Cardiac troponins, consisting of ¢TnT, ¢Tnl and
cTnC, represent parts/ of the troponin-tropomyosin-
actin complex system in the myofilament which play an
important role in the regulation of muscular contraction.
The molecular structures of cardiac and skeletal muscle
troponin C, in contrast to those of troponin T and I,
are virtually identical, which prevent the use of cTnC
as a specific marker of cardiac injury. With regard to

cTnT, the presence of several troponin genes as well as
alternative splicing provide for the existence of multiple
troponin T isoforms.' Human cardiac muscle contains
four isoforms of cTnT: three isoforms are expressed
during the fetal period and one isoform is characteristic
for adult heart.>” In contrast, human fetal and adult heart
muscles each contains only one cTnl isoform.

In physiological condition, the embryonic isoform
of cTnT is found to be expressed in human fetal skeletal
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muscle. After birth, there is down- regulation in the
production of fetal cTnT isoform, resulting in the absence
of cTnT in adult skeletal muscle. In contrast, there exists
no expression of cTnl either in the fetal or adult skeletal
muscle.*

Pathophysiology of cardiac troponin isoforms

The fact that cTnT and not c¢Tnl is physiologically
expressed in both the fetal heart and skeletal muscle has
led to the assumption that the fetal cTnT isoform may be
re-expressed in pathological conditions of the heart, and
especially in the adult skeletal muscle. In this context,
several animal experimental and human clinical studies
have demonstrated the existence of messenger RNA
(mRNA) and protein expression of ¢TnT in diseased
myocardial and skeletal muscle tissues, along with the
presence of cTnT which increases in the absence of
elevated cTnl in the peripheral circulation.

Re-expression of CK-MB and c¢TnT in heart diseases

Several experimental studies performed on dogs
and pigs have shown that chronic myocardial ischemia
induced by ligation of coronary arteries resulted in
several fold increases in myocardial CK-MB content.>®
Since an increase in myocardial CK-B subunit mRNA
in ischemic myocardium of dogs was observed,’ it was
hypothezised that CK-MB is re-expressed in diseased
myocardium. In contrast to CK-MB, coronary artery
occlusion did not result in increased cTnT myocardial
contents.®'’ Similar results were obtained from studies
on humans with ischemic injured myocardial tissue.®
Since increases in both mRNA of fetal cTnT"" and fetal
isoforms of cTnT>'"'* were observed in diseased heart
muscles of animals and humans, it was assumed that
chronicloss of cardiac troponin from injured myocardium
is not replenished through re-expression of genes that
might increase protein synthesis."”

Re-expression of CK-MB and c¢TnT in skeletal muscle
diseases

The dynamics of CK-MB and cTnT alterations have
also been intensively investigated in chronic skeletal
muscle disorders. By using marathon runners as subjects,
Appleetal,,'*" studied the effects of chronic long distance
running on the CK-MB content of skeletal muscle. It was
found that skeletal muscle CK-MB in the biopsy specimens
was increased by 2-fold. Similar observation was made
in patients with Duchenne muscular dystrophy.'® Apple'®
has suggested that skeletal muscle damage and subsequent
regeneration of muscle resulted in the differentiation
of CK isoenzymes into the embryonic skeletal muscle

formation of CK-BB and CK-MB.

The expression of cTnT isoforms in diseased skeletal
muscle has been debated for several decades. Expression
of mRNA of the cardiac isoforms of TnT has been found
in patients with diseased human skeletal muscles such as
uremic myopathy of end-stage renal disease'” and Duchenne
muscular dystrophy.'”'® By using immunocytochemistry
and immuno- blotting technique, Saggin et al.,"” have
demonstrated re-expression of cTnT in regenerating
muscle fibers of rats following cold injury as well as
in mature fibers after denervation. Similar results were
obtained from a study by Boder et al.,” who reported
expression of cTnT in regenerating skeletal muscles of
patients with polymyositis and Duchenne muscular
dystrophy. However, Ricchiuti et al.,” have shown that
the cTnT isoform expressed in diseased skeletal muscles
of chronic renal disease patients is not detected by the
2n-generation cTnT immunoassay. These results stand
in contrast to those of Jaffe et al.,”> who found increased
cTnT, but normal ¢Tnl serum concentrations in patients
with neuromuscular diseases. Western blot analyses of
biopsy specimens performed on some of these patients
have revealed the presence of strong immunoreactive
bands, with a molecular weight similar to that of cTnT.
The authors concluded that there are forms in diseased
skeletal muscles that could cause increases in levels of
cTnT, and these increases could reflect the re-expressed
isoforms which can be detected by a more sensitive cTnT
immunoassay.

Circulating CK-MB and c¢TnT in chronic skeletal
muscle diseases

Cardiac involvement represents a common
complication that confers a worse prognosis in chronic
destructive myopathies.” It has been reported that the
presence of increases in circulating CK-MB and ¢TnT,
which may indicate myocardial involvement, is frequently
associated with several chronic skeletal muscle disorders
including polymyositis, dermatomyositis and muscular
dystrophy.” Table 1 summarizes previous and recent
data on the frequency of elevated cardiac biomarker
levels in patients with chronic destructive skeletal muscle
diseases, most of which showed no clinical evidence of
acute coronary ischemic events.

In a study on 28 patients with polymyositis and
several forms of muscular dystrophy, increases in
the activity of CK and CK-MB were found in 86 and
100 percent of patients, respectively. Elevated cTnT,
measured with the 2"d-generation immunoassay, and
cTnl levels were 23 and 14 percent, respectively.”” Ina
more recent study on 39 patients with polymyositis and
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TABLE 1. Percentage of increased cardiac biomarkers in patients with chronic destructive skeletal muscle disorders.

Author Diagnosis
(year)

Braun et al. PM, DMD, BMD,
(1996) LGD, FSHD
Erlacher et al. PM, DM

(2001)

Sribhen et al. PM, DM, DMD,
(2002)

Aggarwal et al. PM, DM, CTDM
(2009)

Fisher et al. PM, DM, IBM
(2010)

Cox et al. IBM

(2010)

Jaffe et al. IBM, FSHD
(2011)

Percentage of increase

CK CK-MB cTnT cTnl
86 100 23 14
nd 51 41 3
100 100 57 nd
82 nd 64 nd
71 nd nd 2
100 nd 100 nd
82 82 78 2

nd nd 100 0

Abbreviations: BMD = Becker muscular dystrophy; DM = Dermatomyositis; DMD = Duchenne muscular dystrophy; FSHD = Facioscapulohumeral-

type dystrophy; IBM = Inclusion body myositis; LGD = Limb girdle dystrophy; CTDM = Connective tissue disease-associated myositis;

PM = Polymyositis; nd = not determined

dermatomyositis, increased CK-MB and cTnT were reported
to be 51 and 41 percent, respectively.” Since there were
close correlations between both cardiac biomarkers and
skeletal muscle damage markers including myoglobin
and myosin heavy chain, and a close relationship of
cTnT with disease severity, it has been suggested that
cTnT was released from skeletal muscle. By using a
more sensitive and specific 3"-generation cTnT assay,
Sribhen et al.,”” reported the frequency of cTnT increase
in these patients to be 57 percent. Recent studies***?*
performed on patients with inflammatory myopathies
have also demonstrated that most of these patients
exhibited elevated ¢TnT concentrations. In contrast
to the cTnT results, four of the studies have found that
only 0 to 3 percent of the patients displayed increased
cTnl levels (Table 1).

The results from these trials have recently been
confirmed by 2 studies utilizing the latest generation
of cardiac troponin immunoassay. In a male patient
diagnosed as having limb-girdle muscular dystrophy,
Mair* has demonstrated chronic elevations of high-
sensitivity troponin T (hs-cTnT) over several days whereas
hs-cTnl was in the normal range. Echocardiography,

exercise stress test and renal function were all normal. In
addition, analytical interference by heterophile antibodies
was ruled out. The author suggested that patients with
unexplained increased cTnT with normal ¢Tnl should
be evaluated for possible, clinically still asymptomatic
chronic skeletal muscle diseases. Rittoo et al.,’* have
conducted a hitherto largest study on 52 hospitalised and
ambulatory patients with 20 different types of acquired
and inherited neuromuscular diseases. The main finding
in that study was that these patients commonly had
persistent elevation of CK-MB and cTnT in the absence
of electrocardiographic, echocardiographic and cTnl
evidence of myocardial injury. The authors concluded
that re-expressed cTnT in diseased skeletal muscle might
appear to be the source of the elevated cTnT detected
in the circulation of these patients.

The discordant cardiac troponin results, with the
presence of increased cTnT, but normal c¢Tnl levels, in
patients with destructive skeletal muscle disorders without
clinical evidence of acute coronary events, haveled to the
assumption that elevations of circulating ¢TnT found
in these patients may not originate from the heart. Of
interest was the observation by Kiely et al.,” who have
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demonstrated no increase in cT'nl levels in any of their 6
patients with polymyositis and dermatomyositis, despite
an increase in CK-MB index. Since CK-MB showed
significant correlation with skeletal muscle troponin I
(sTnl) and not with ¢Tnl, it was assumed that skeletal
muscle was the source of CK-MB. In this context, it has
been shown in a more recent study’ on 129 patients
with Duchenne and Becker muscular dystrophy that,
although increased CK activity and cTnl concentration
were found in a significant number of these subjects,
there was no correlation between the two biomarkers.
This can be explained by the fact that high levels of CK
are usually observed in the early stage whereas cardiac
involvement with release of cTnl occurs at a later stage of
the disease. Since cTnl is uniquely expressed in cardiac
muscle and is not expressed in other non-cardiac tissues,
these results point to the usefulness of this protein as
a specific biomarker to detect early stage of cardiac
damage in patients with chronic destructive skeletal
muscle diseases.

The patterns of cardiac biomarker release in patients
with polymyositis and dermatomyositis differ significantly
from those of ischemic cardiac injury. In acute coronary
syndromes, there are significant rises and falls in CK-
MB and cTnT levels, which return to the normal ranges
within 2-3 days and 7-10 days, respectively. In contrast,
the patients with inflammatory myopathies™” exhibit a
delayed decrease in CK-MB and relatively constant levels
of ¢TnT when determined several days apart (Table 2).
These results, thus, are not indicative of acute myocardial
injury and may reflect a non-cardiac source of CK-MB
and cTnT elevations.

Circulating CK-MB and cTnT in acute skeletal muscle
diseases

Reports on chronic elevations of CK-MB and ¢TnTin
the absence of cTnl increases in patients with severe acute
skeletal muscle damage are rare and, to our knowledge,
exist in only 3 cases in the literature. In a patient with
amphetamine-related rhabdomyolysis following an
intestinal operation due to intestinal herniation with
bowel gangrene, Sribhen et al.,”® observed increases
in both CK-MB and ¢TnT without concomitant cTnl
elevation in the subacute regenerating phase of the disease
that persisted throughout several weeks of hospital stay.
The same authors have also found chronic increases in
CK-MB and c¢TnT, but not cTnl, from elevated baseline
levels to around 7-fold the upper limit of reference ranges
in a patient with chronic renal failure who developed
rhabdomyolysis after limb ischemia (Fig 1, personal
observation). Another patient diagnosed as having
sepsis-associated rhabdomyolysis exhibited persistent
increases in CK-MB and ¢TnT throughout their stay in
the rehabilitation unit.”” Unfortunately, measurement
of cTnl was not performed. Nontheless, it was theorized
in both studies that the prolonged elevations of cTnT
were most likely due to re-expression of ¢TnT isoform
in regenerating skeletal muscle.

Circulating CK-MB and cTnT in cancer patients
There have been several reports of increased cardiac
biomarker serum levels in cancer patients.*** Even
though, most of these studies have demonstrated the
presence of macro CK type 1 and 2 as the non-cardiac
cause of CK-MB elevation, ectopic production of CK-

TABLE 2. Serial cardiac biomarkers levels determined several days apart in patients with inflammatory myopathies.

Author Diagnosis
(year)
White & Tideman DM
(2001)
Hamilton & Sharpe DM
(2005) PM
Rahim & Dave DM
(2009)

Cardiac biomarker levels

CK-MB (U/L) cTnT (ng/ml)
S 1 S2 S1 S2
243 293 0.52 0.54
937 458 3.12 2.90
nd nd 0.17 0.16
nd nd 0.14 0.10

Abbreviations: DM = Dermatomyositis; PM = Polymyositis; S = sample; nd = not determined
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Relative increase (X ULN)

e et b M ) |

T 1 T T T T R |

4 6 HD 8 12 HD 21 23 HD 27
Days after Rhabdomyolysis

CK (U/L) 161,500 80,100 15,050 529 192 272 112
CK-MB (%) >0.24 0.12 014 1.07 184 894 104
Creatinine 5.9 9.6 7.6 10.5 7.4 9.8 8.2

Fig 1. Patterns of cardiac biomarker release following rhabdomyolysis
in a chronic renal failure patients.
Abbreviation: HD = hemodialysis. Creatinine level in mg/dl

MB by certain types of tumors has also been reported.*
Isotalo etal.,"" described a case of a patient with metastatic
alveolar rhabdomyosarcoma in whom a series of increased
concentrations of CK-MB mass and cTnT, were measured
with the 2"-generation assay, over several days. Since
levels of cTnl, determined by two different immunoassays
on the same blood specimens, were all in the normal
ranges, a non-cardiac source of cardiac biomarkers
elevations was suggested. In addition, since measurements
of both CK-MB and c¢TnT were performed 5 months
after the patient’s last chemotherapy cycle, the possible
toxic therapeutic effects could be ruled out. The authors
theorized that rhabdomyosarcoma anaplasia leads to an
immature skeletal muscle phenotype which may cause
false-positive marker testing for myocardial infarction,
secondary to expression of CK-MB and ¢TnT. Similar to
these findings, persistent increases in both CK-MB and
cTnT (3"-generation assay) serum concentrations over
several weeks have been found in a patient with uterine
leiomyosarcoma.*” Unfortunately, measurement of cTnl
was not performed. Nevertheless, the author stated that
the increases in cardiac biomarkers observed might be
secondary to tumor expression of CK-MB and cTnT.

Cardiac troponins in amyotrophic lateral sclerosis
In recent years, several studies have demonstrated
the presence of elevated serum cTnT concentrations in
the absence of clinical evidence of an acute coronary
event in amyotrophic lateral sclerosis (ALS), the most
common form of motor neuron disease.***” Hof et al.,*
described a 65-year old man, diagnosed as having ALS,
who presented with acute chest discomfort and nocturnal
dyspnoe. Serial blood samplings have revealed slightly

increased CK-MB activity and significantly elevated
cTnT concentrations which persisted for several weeks.
However, serum cTnl levels, determined in the same
blood samples, were all in the normal ranges. Since
there were no ischemic changes on electrocardiogram
and the single-photon emission computed tomography
(SPECT) with adenosine stimulation has shown a normal
cardiac contraction and no evidence of ischemia or
scarring, the initial suspicion of myocardial injury was
rejected and a non-cardiac cause of cTnT elevation
was assumed. Similarly, Graziani et al.* reported 3 cases
of ALS patients with persistently high blood levels of
cTnT, but normal values of cTnl in the absence of any
cardiac disease. They suggested the hypothesis that non-
inflammatory skeletal muscle degeneration could be the
cause of re-expressed cTnT in diseased skeletal muscle
and so the source of circulating cTnT. Similar observation
was made in a study of ALS patients, of whom 27 (68%)
patients had chronic elevations of cTnT, whereas their
electrocardiographic and echocardiographic findings were
negative for ischemia.” The study raised the possibility
that cTnT originates from the atrophic skeletal muscle
via re-expression of ¢TnT isoform.

Clinical implications for diagnosis of acute myocardial
infarction

Introductions of sophisticated immunoassays for
determining circulating cardiac troponins have led to
cardiac biomarker testing with improved analytical
sensitivity and precision. By utilizing the 99" percentile
cut-off concentration that has been recommended by the
international cardiology societies,* the diagnosis of acute
coronary syndromes can be made in the early hours after
the onset of symptoms, and so allowing for early risk
assessment and appropriate management of the patients.
The increased clinical sensitivity of the troponins, on the
other hand, is associated with reduced specificity, and
several conditions other than acute coronary events
can cause troponin elevations.” These include congestive
heart failure, myocarditis, stress-induced cardiomyopathy,
pulmonary embolism, acute neurologic diseases (stroke,
subarrhachnoid hemorrhage), sepsis and septic shock,
as well as drug toxicity and drug abuse (doxorubicin,
cocaine, amphetamine). Nevertheless, elevated levels
of cardiac troponins found in these patients represent
true-positive results indicating myocardial involvement.
In contrast, increased cTnT serum concentrations in the
absence of elevated c¢Tnl found in patients with destructive
skeletal muscle disorders may reflect a false-positive
result, probably secondary to the re-expression of fetal
cTnT isoform. Therefore, a single positive cTnT result
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observedin these patients should be cautiously interpreted
as biochemical evidence of cardiac involvement. In this
context, it should be noted that serial measurements of
cTnT which show significant rises and falls of cardiac
marker points to acute coronary ischemic events, whereas
chronic elevations are indicative of skeletal muscle
source of cTnT. As stated by Jaffe et al.,” the unique
specificity thought to occur for ¢TnT and cTnl might
no longer be sustained for the current cTnT assay.
The tissue specificity of cTnT could also be ensured by
measuring with a sensitive ¢Tnl assay to confirm or
refute the increases in cTnT levels. Nontheless, it should
be born in mind that cardiac troponin results represent
only one of several criteria for the diagnosis of acute
myocardial infarction and should be interpreted in
conjunction with the presence of ischemic symptoms,
as well as electrocardiographic, echocardiographic or
other imaging results.

CONCLUSION

Measurements of cInT and cTnl currently represent
the most sensitive biochemical methods for diagnosis
of myocardial injury and infarction. However, they
are not disease specific, and increased cardiac troponin
levels can be observed in several clinical conditions
other than acute coronary syndromes. In patients with
acute and chronic destructive skeletal muscle diseases,
increased circulating cTnT may arise from regenerating
skeletal muscle, probably as a result of re-expression of
fetal cTnT isoform. In these patients, determination of
cTnl levels may provide a more specific method for the
early detection of myocardial involvement and a useful
prognostic indicator of the diseases.
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