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BACKGROUND: The measurement of cardiac isoforms of
troponin I (cTnI) and troponin T (cTnT) is widely used
for the diagnosis of acute myocardial infarction (AMI).
However, there are conflicting data regarding what forms
of cTnI and cTnT are present in the blood of AMI pa-
tients. We investigated cTnI and cTnT as components of
troponin complexes in the blood of AMI patients.

METHODS: Gel filtration techniques, sandwich fluoroim-
munoassays, and Western blotting were used.

RESULTS: Plasma samples from patients with AMI con-
tained the following troponin complexes: (a) a cTnI-
cTnT-TnC complex (ITC) composed of full-size cTnT
of 37 kDa or its 29-kDa fragment and full-size cTnI of 29
kDa or its 27-kDa fragments; (b) ITC with lower molec-
ular weight (LMW-ITC) in which cTnT was truncated
to the 14-kDa C-terminal fragments; and (c) a binary
cTnI-cTnC complex composed of truncated cTnI of ap-
proximately 14 kDa. During the progression of the dis-
ease, the amount of ITC in AMI samples decreased,
whereas the amounts of LMW-ITC and short 16- to
20-kDa cTnT central fragments increased. Almost all
full-size cTnT and a 29-kDa cTnT fragment in AMI
plasma samples were the components of ITC. No free
full-size cTnT was found in AMI plasma samples. Only
16- to 27-kDa central fragments of cTnT were present in
a free form in patient blood.

CONCLUSIONS: A ternary troponin complex exists in 2
forms in the blood of patients with AMI: full-size ITC
and LMW-ITC. The binary cTnI-cTnC complex and
free cTnT fragments are also present in patient blood.
© 2019 American Association for Clinical Chemistry

The troponin complex is a component of the contractile
apparatus of striated and cardiac muscles. In the heart,
the cardiac troponin complex is composed of specific
cardiac isoforms of troponin I (cTnI)5 and troponin T
(cTnT) and a cardiac/slow skeletal isoform of troponin C
(TnC). On acute myocardial infarction (AMI), tro-
ponins are released from necrotic tissue into the blood-
stream, and the measurement of cTnI or cTnT is widely
used for AMI diagnosis (1–3 ). However, it is currently
unclear in what forms cardiac troponins are present in the
blood of AMI patients.

Katrukha et al. (4 ) showed that the major portion of
cTnI is present as a binary complex with TnC (IC) in
serum samples of AMI patients. Giuliani et al. (5 ) also
detected only IC and were unable to detect a cTnI-cTnT
complex or a cTnI-cTnT-TnC complex (ITC) in serum
samples. In contrast, Wu et al. (6 ) found that troponins
circulate as ternary ITC, binary IC, and free cTnT, with
no free cTnI present in blood. Similarly, Bates et al. (7 )
concluded that cTnI was mostly present as IC and, to a
lesser extent, as ITC, whereas cTnT predominantly cir-
culated in a free form.

It is believed that IC and free cTnT are predom-
inant forms in the blood after AMI (8 ). We recently
proposed that both ITC and IC were present in blood,
and that ITC prevailed over IC in the early stages of
AMI (9 ).

Regarding free cTnT, only its fragments have been
found in serum samples of AMI patients (10, 11 ) with
almost no full-size cTnT, probably because cTnT is
cleaved at the R68-S69 site by thrombin and a 29-kDa
fragment is produced during serum sample preparation
(12 ), whereas full-size 37-kDa cTnT prevailed over its
fragments in heparin plasma samples (12, 13 ).
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Knowledge of the troponin forms that circulate in
the blood of patients would help in the development of
assays for differential diagnosis of various cardiac disease
forms. Therefore, we aimed in this study to detect the
forms of cardiac troponin complexes that circulate in the
blood of AMI patients.

Materials and Methods

All monoclonal antibodies (mAbs), native human ITC,
IC, and recombinant human cTnT were obtained from
HyTest. Unless stated otherwise, all chemicals were sup-
plied by Sigma-Aldrich.

BLOOD SAMPLES

The study on AMI patients was performed according to
the Declaration of Helsinki (14 ). AMI diagnosis was
based on clinical picture, typical electrocardiogram
changes, and an increase in cTnT concentration mea-
sured by the Roche CARDIAC T quantitative assay. All
patients underwent stenting. Serial blood samples from
38 patients (148 samples in total) were collected between
2 and 33 h following the onset of chest pain. Blood was
withdrawn by means of venipuncture into 10-mL BD
vacutainer blood-collection tubes coated with Li-
heparin. Tubes were inverted several times and centri-
fuged for 20 min at 1500g. The resulting plasma was
decanted and stored at �70 °C in 5-mL polypropylene
tubes. Heparin plasma samples from 11 apparently
healthy individuals, 25 to 40 years of age, were pooled
and stored at �70 °C.

cTnI AND cTnT QUANTIFICATION

cTnI and cTnT concentrations in all Li-heparin plasma
samples were measured by in-house immunofluorescence
assays (FIA) utilizing TnI19C7-TnI560 and TnT329-
TnT406 assays, respectively. Ten plasma samples from 5
patients at 3 to 10 h and 13 to 30 h following AMI onset,
respectively, were selected for further studies based on the
high concentrations of cTnT (�8 ng/mL) and cTnI
(�15 ng/mL) (see Table 1 in the Data Supplement that
accompanies the online version of this article at http://
www.clinchem.org/content/vol65/issue7). All selected
samples did not contain antitroponin autoantibodies.

SANDWICH IMMUNOFLUORESCENCE ASSAYS

All samples were analyzed by a 2-step FIA (15 ) using
Eu-labeled mAbs (see Methods file in the online Data
Supplement). All mAb epitopes and specificities are sum-
marized in Table 2 of the online Data Supplement. In
brief, the TnI19C7-TnI560 assay [capture/detection
mAbs; epitopes 41–49/83–93 amino acid residues (aar)]
detects cTnI in IC and ITC. The TnT329-TnT406 assay
(119–138/132–152 aar) detects free cTnT and cTnT in

ITC. The TnI84-TnI560 assay (117–126/83–93 aar) de-
tects only cTnI in IC but does not detect cTnI in ITC.

We also conducted “mixed sandwich assays” in
which capture and detection mAbs were specific to dif-
ferent components of troponin complexes. The Tcom8-
TnC7B9 assay detected IC and ITC via cTnI and TnC
being bound together (mAb Tcom8 recognized the struc-
tural epitope that formed by cTnI and TnC polypeptide
chains; mAb TnC7B9 was specific to TnC). The utiliza-
tion of the mAb TnT7E7 (223–242 aar) in the Tcom8-
TnT7E7 assay permitted the detection of ITC only if all
3 troponins were bound together. Tcom8 mAbs, to-
gether with anti-cTnT mAbs TnT7G7 (67–86 aar),
TnT2A7 (93–112 aar), TnT109 (119–138 aar),
TnT2F3 (145–164 aar), and TnT1C11 (171–190 aar),
were also used to detect ITC in mixed assays. Limits of
the blank, limits of detection, and specificities for all
assays are summarized in Table 3 of the online Data
Supplement.

GEL FILTRATION PROCEDURE

The gel filtration (GF) studies were performed using an
AKTA pure chromatography system (GE Healthcare) on
a HiLoad Superdex 200 PG 16/60 column (GE Health-
care). The column was equilibrated with 50 mmol/L
Tris-HCl buffer, pH 7.5, containing 150 mmol/L NaCl,
5 mmol/L CaCl2, 1 g/L BSA, and 1 g/L NaN3. One
milliliter of the sample was loaded onto a column, pro-
teins were eluted using the same buffer at a flow rate of 2
mL/min, and 1-mL fractions were collected. The result-
ing fractions were analyzed for the presence of troponins
by FIA and Western blotting (WB).

IMMUNOEXTRACTION OF cTnI AND cTnT

The affinity matrix used for cTnI immunoextraction
(anti-cTnI Sepharose) used 14 anti-cTnI mAbs specific
to different epitopes; the matrix for cTnT immunoex-
traction (anti-cTnT Sepharose) used 16 anti-cTnT mAbs
as described earlier (12, 16 ). Each mAb was immobilized
on Sepharose CL-4B (GE Healthcare) at the final con-
centration of 5 g/L using a BrCN method (17 ), and then
equal volumes of matrices were mixed together. To ex-
tract all troponins, a mixture of anti-cTnI Sepharose and
anti-cTnT Sepharose was used. Troponin immunopre-
cipitation from heparin plasma samples was performed as
previously described (12, 16 ). Immunoextraction effica-
cies were not �90% for the troponin concentration of 50
ng/mL in the heparin plasma samples (see Methods file in
the online Data Supplement).

To immunoprecipitate troponins from GF profile
peaks, 5 to 7 fractions from each peak were pooled and
passed through 0.3 to 0.5 mL of antitroponin Sepharose.
Proteins from the eluates were further studied by WB.

Forms of Troponin Complex in Blood of AMI Patients
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SDS-PAGE, WB, AND ENHANCED CHEMILUMINESCENCE

DETECTION

Cardiac troponins and their fragments were analyzed us-
ing 15% to 22.5% gradient SDS-PAGE according to
Laemmli under reducing conditions using a Hoefer
SE280 electrophoresis unit (gel size, 10 � 12 cm). The
apparent molecular masses of the separated proteins were
determined using an LMW-SDS Marker Kit (GE
Healthcare). After separation by electrophoresis, the pro-
teins were blotted onto an Amersham HyBond enhanced
chemiluminescence (ECL) nitrocellulose membrane (GE
Healthcare) using 25 mmol/L Tris-HCl containing 192
mmol/L glycine and 20% ethanol, pH 8.8, at 100 V for
1.5 h. Subsequently, the membrane was blocked by 5%
ECL Prime blocking agent (GE Healthcare) in PBS with
Tween-20 for 1 h at room temperature with shaking. The
membranes were incubated in 5 mL of anti-cTnT or
cTnI mAb conjugated with biotin (200 ng/mL in the
same blocking solution overnight at 4 °C with shaking).
After the incubation, membranes were washed 2 times
with PBS with Tween-20 (30 min at room temperature
with shaking) and incubated with Streptavidin poly-
horseradish peroxidase (Thermo Scientific) (1:30 000 in
PBS with 1% BSA and Tween-20 for 2 h at room tem-
perature with shaking ). Membranes were washed 4 times
with PBS with Tween-20, and protein bands were visu-
alized using SuperSignal West Femto Maximum Sensi-
tivity Substrate (Thermo Scientific) on a ChemiDoc
Touch Imaging System (Bio-Rad). The sensitivity of WB
was not �10 to 15 pg/track (see Fig. 1 in the online Data
Supplement). Image quantification was performed using
ImageLab 5.2.1 software (Bio-Rad).

STATISTICAL ANALYSIS

Statistical analysis and graph plotting were performed
using Microcal Origin software (version 7.5) and Mi-
crosoft Office Excel 2007. The differences between
groups were analyzed by the Mann–Whitney U-test. A
value of P � 0.05 was considered statistically significant.

Results

GF STUDY OF TROPONIN COMPLEXES IN PLASMA SAMPLES

OF AMI PATIENTS

To measure IC and ITC in AMI patients, 10 heparin
plasma samples collected 3 to 30 h following AMI onset
were studied by GF.

The immunoreactivity in the fractions was mea-
sured by 2 assays: TnI84-TnI560, which interacted with
cTnI in the IC complex but not in ITC, and Tcom8-
TnT7E7, which detected ITC only. Standard retention
volumes (RVs) for ITC and IC spiked into the pooled
plasma sample of healthy volunteers were 61.6 mL and
79.6 mL, respectively (Fig. 1A).

ITC (peak 1) and IC (peak 3) were found in AMI
patient plasma samples (RVs, 63.3 � 1.0 mL and 81.9 �
1.1 mL, respectively), which coincided with standards
(Fig. 1B; mean data for 10 samples are shown in Fig. 2 of
the online Data Supplement).

One additional ITC peak was detected by the
Tcom8-TnT7E7 assay at RV � 77.2 � 1.2 mL (peak 2)
in all AMI samples. Because the relative molecular mass
(Mr) of ITC in peak 2 was lower (according to the GF
peak RV) than the Mr of purified ITC, we termed this
ITC form the low molecular weight ITC (LMW-ITC).

WB ANALYSIS OF GF IMMUNOREACTIVE PEAKS OF IC AND

ITC IN AMI SAMPLES

To analyze cardiac troponins and their fragments in each
immunoreactive GF peak, the proteins from the peak
fractions were immunoprecipitated and analyzed by WB
(Fig. 2).

cTnT was stained by mAb TnT7E7 specific to the C
terminus of cTnT. In the initial plasma samples, 3 pri-
mary bands of 37 kDa (full-size cTnT), 29 kDa, and 14
kDa were revealed by WB. The first GF peak (which
coincided with a peak of purified ITC) contained 37-
kDa cTnT and its 29-kDa fragment (track 2); the second
peak (track 3) contained 29-kDa and, to a greater extent,
14-kDa fragments. The bands in the third peak (track 4)
represented the tails of the same proteins in the second
peak. These data suggested that the first peak contained
full-size cTnT and partially truncated cTnT, whereas the
second (LMW-ITC) peak contained primarily truncated
cTnT with an Mr of approximately 14 kDa. We consid-
ered 37-kDa cTnT as a full-size form, although it pre-
sumably lacked the C-terminal lysine residue because of
the action of carboxypeptidase N within the blood.

cTnI from the GF peaks was stained in WB by mAb
TnI560 specific to the cTnI midfragment, and the band
pattern was similar to the pattern identified earlier (16 ).
In the first peak (which coincided with a peak of purified
ITC), the most abundant bands belonged to the full-size
cTnI 29-kDa band (1–209 aar) and to 27-kDa and 26-
kDa bands (approximately 1–196 and 23–209 aar, re-
spectively). In the second peak, the same 3 fragments
were found, but 27-kDa and 21- to 25-kDa bands (ap-
proximately 34–192, 1–178, 34–196, 23–196, and 26–
209 aar) were more abundant. In the third peak (which
coincided with a peak of purified IC), the smaller 19-kDa
and 14-kDa bands (approximately 23–145 and 23–126
aar) became prevalent. Therefore, in ITC (the first GF
peak) and LMW-ITC (the second GF peak), cTnI is
mostly present as a full-size molecule or in the form of
fragments that are only slightly degraded from both ends.
However, in the binary IC (the third GF peak), cTnI is
mostly truncated.

Therefore, considering the results obtained, we
referred to ITC in the first GF immunoreactive peak as
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a “full-size” ITC, although cTnI and cTnT contained
in the peak could be partially truncated. LMW-ITC in
the second GF peak contained full-size or partially
truncated cTnI and cTnT fragments of approximately
14 kDa.

ANALYSIS OF cTnT IN THE LMW-ITC

To identify the cTnT fragments that were present in
LMW-ITC, we analyzed GF fractions of heparin plasma
samples from AMI patients by several mixed immunoas-
says in which Tcom8 was used as the capture antibody and

Fig. 1. GF immunoreactivity profiles of binary IC and ternary ITC.
(A), Immunoreactivity profiles of IC and ITC standards spiked into the heparin plasma samples of healthy individuals at the concentrations of
0.5 μg and 0.35 μg, respectively. The IC peak was detected by TnI84-TnI560 (-E-), and the ITC peak was detected by Tcom8-TnT7E7 (-f-). The
recoveries were approximately 59% and 79%, respectively. The RVs of the standard proteins [ferritin molecular weight (MW) = 440 kDa,
aldolase MW = 158 kDa, conalbumin MW = 75 kDa, ovalbumin MW = 44 kDa, carbonic anhydrase MW = 29 kDa, ribonuclease MW = 13.7
kDa] are indicated by arrows. (B), Representative GF immunoreactivity profiles of IC and ITC from the AMI heparin plasma sample collected
9.5 h following the onset of symptoms (cTnI concentration, 54 ng/mL; cTnT, 34 ng/mL). The IC peak was detected by TnI84-TnI560 (-E-), and
the ITC peak was detected by Tcom8-TnT7E7 (-f-).

Forms of Troponin Complex in Blood of AMI Patients
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different anti-cTnT mAbs were used as the detection anti-
bodies: TnT7G7, TnT2A7, TnT109, TnT2F3, and 1C11
(covering cTnT molecule epitopes from 67 aar up to 190
aar). All of these assays detected only full-size ITC (the first
peak) and did not detect LMW-ITC (the second peak)
(Fig. 3); only the Tcom8-TnT7E7 assay detected both com-
plexes. This indicated that cTnT in LMW-ITC was trun-
cated and missed the majority of its polypeptide chain from
the N terminus through to the 191 to 223 aar region.

To identify the C terminus of the 14-kDa cTnT
fragments, it was stained in WB by mAb TnT155 (which
was unsuccessful in FIA) specific to the ultimate C ter-
minus end of cTnT (262–281 aar). We found that this
epitope was present in the 14-kDa fragments (see Fig. 3
in the online Data Supplement).

Therefore, we concluded that LMW-ITC contained
the C-terminal fragments of cTnT beginning after 190
and extending to approximately 281 aar.

FREE cTnT FRAGMENTS IN PLASMA SAMPLES OF

AMI PATIENTS

As shown above, LMW-ITC from AMI plasma samples
contained C-terminal fragments of cTnT. To clarify
what occurred with the remaining part of cTnT, AMI
plasma samples were depleted of cTnT bound in com-
plexes with cTnI using anti-cTnI Sepharose. Proteins
from depleted and nondepleted samples were separated
by GF, and cTnT immunoreactivity within fractions was
measured by the TnT329-TnT406 assay specific to the
central region of the cTnT molecule (it did not detect
cTnT in LMW-ITC).

Three immunoreactive peaks (designated as A, B,
and C) were revealed in the GF profiles of AMI plasma
samples before depletion (Fig. 4A). Peak A coincided
with the purified full-size ITC peak (RV � 63.5 mL) and
disappeared following the removal of ITC on anti-TnI
Sepharose. Peaks B and C remained in the ITC-depleted
samples, which suggests that they are free central frag-
ments of cTnT. There were no peaks in AMI plasma
samples, which coincided with the free full-size cTnT
standard peak (RV � 52 mL). Of note, the RV for free
cTnT in heparin plasma samples greatly differed from the
RV for standard cTnT in buffer or citrate plasma (RV �
76 mL; data not shown), likely because of the binding of
cTnT to heparin (18 ).

To identify the forms of cTnT in GF peaks A, B, and
C, fractions were analyzed by WB after immunoextrac-
tion on anti-TnT Sepharose. In peak A, cTnT was pres-
ent as a full-size cTnT and its 29-kDa fragment recog-
nized by mAb TnT313 (central region) or TnT7E7 (C
terminus) (Fig. 4, B and C). Full-size cTnT and its 29-
kDa fragment were almost completely removed from the
samples on anti-cTnI Sepharose, indicating that full-size
cTnT and its 29-kDa fragment were the components of
ITC, and that essentially no free full-size cTnT or its

Fig. 2. WB analysis of cardiac troponins in GF immunoreac-
tivity peaks of the AMI patient heparin plasma sample.
(A), WB of a heparin plasma sample obtained 9.5 h after symptom
onset (cTnI concentration, 54 ng/mL; cTnT, 34 ng/mL). Proteins
were immunoextracted from the original plasma sample and
from pooled peaks on the mixture of anti-cTnI and anti-cTnT Sep-
haroses. Track 1, AMI plasma; track 2, GF fractions 59 to 65 mL of
peak 1 (Fig. 1B); track 3, GF fractions 74 to 80 mL of peak 2; track
4, GF fractions 83 to 87 mL of peak 3. cTnT was stained by TnT7E7
that was specific to the C terminus of cTnT. cTnI was stained by
TnI560 that was specific to a midfragment epitope. To obtain a
clearer picture, different times of ECL exposure were used. (B), A
schematic representation of the interaction of the used mAbs with
cardiac troponin complex. The epitopes of mAbs are indicated
beneath the mAb names, along with the numbers of aar.

886 Clinical Chemistry 65:7 (2019)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/65/7/882/5608084 by guest on 24 M
ay 2023



29-kDa fragment was present in AMI plasma samples
or that their concentrations were negligibly small. The
presence of faint bands of 37-kDa cTnT and its 29-
kDa fragment on the WB in the depleted samples may
also be explained by the fact that the effectiveness of
the depletion procedure was 97% and a small amount
of cTnT that was complexed with cTnI remained in
the samples.

When stained by TnT313, peak B exhibited 16- to
25-kDa fragments with a 25-kDa fragment being the
most abundant. These fragments were not removed on

anti-cTnI Sepharose and could be the free fragments of
cTnT. When stained by TnT7E7, peak B showed a 14-
kDa band that was removed on anti-cTnI Sepharose and
identified as a C-terminal part of cTnT in LMW-ITC.
We believe that peak B consisted of 2 overlapping cTnT-
containing peaks: free central fragments of cTnT and
LMW-ITC.

Peak C contained 16- to 20-kDa fragments of the cen-
tral region of cTnT that were not depleted on anti-cTnI
Sepharose and were likely the products of further degrada-
tion of free cTnT fragments found in peak B. These cTnT

Fig. 3. GF immunoreactive peaks of ITC and LMW-ITC in AMI plasma samples.
(A), GF immunoreactive peaks measured by different mixed assays in AMI heparin plasma samples obtained 8 h after symptom onset (TnI,
37.2 ng/mL; TnT, 25.6 ng/mL). Tcom8-TnT7E7 (-E-) (TnT7E7 epitope, 223–242 aar) or Tcom8-TnT1C11 (-f-) (TnT1C11 epitope, 171–190 aar).
(B), Schematic representation of the form of cardiac ternary troponin complexes in each peak. Epitopes of mAbs are indicated beneath the mAb
names, along with the numbers of aar.
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Fig. 4. cTnT GF immunoreactivity profiles of AMI plasma samples before and after ITC and IC depletion.
(A), Immunoreactivity profiles of the heparin plasma sample obtained 6 h following AMI onset (cTnI, 39 ng/mL; cTnT, 23 ng/mL). GF peaks were
detected by the TnT329-TnT406 assay before (-f-) and after (-E-) ITC/IC depletion on anti-cTnI Sepharose. (B), WB analysis of the GF peaks
before and after ITC/IC depletion. cTnT was immunoextracted on anti-cTnT Sepharose and stained by either TnT313 to the central region or
TnT7E7 to the C terminus. “before,” before ITC/IC depletion on anti-cTnI Sepharose; “after,” after ITC/IC depletion on anti-cTnI Sepharose; peak
A, GF fractions 59 to 65 mL; peak B, GF fractions 74 to 80 mL; peak C, GF fractions 87 to 92 mL. To obtain a clearer picture, different times of ECL
exposure were used. (C), Schematic representation of the forms of cTnT in each peak detected by the mAbs to the central part of cTnT. The
epitopes of the mAbs are indicated beneath the mAb names, along with the numbers of aar.
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fragments continued to contain a region of 119 to 152 aar to
which the TnT329-TnT406 assay was specific.

TIME-DEPENDENT CHANGES IN THE TROPONIN FORMS IN

AMI PATIENT PLASMA SAMPLES

To verify whether there are changes in troponin forms
and their ratios during the AMI progress, we analyzed
troponins by the GF method in early (3–10 h) and late
(13–30 h) plasma samples taken from 5 AMI patients.
The immunoreactive profiles for a representative patient
(6- and 30-h samples following onset of AMI) are de-
picted in Fig. 5 (data for other patients are provided in
Fig. 4 of the online Data Supplement).

For statistical analysis, troponin concentrations in
each peak were calculated as the percentages of total con-
centration, and the data from 6 samples (3–10 h) and 4
samples (13–30 h) were compared using the Mann–
Whitney U-test for small groups.

When measured by the Tcom8-TnT7E7 assay, the
percent of full-size ITC at 3 to 10 h following AMI onset
was 38.4% (17.0%–61.3%), and LMW-ITC percentage
was 61.6% (38.7%–69.9%). By 13 to 30 h, their ratios
changed to 8.9% (0.1%–26.8%) and 83.3% (73.2%–
99.9%), respectively. The portion of ITC decreased and
LMW-ITC increased over time (P � 0.03).

The analysis of cTnT in the GF peaks by the
TnT329-TnT406 assay revealed that 52.3% (43.6%–
66.7%) of cTnT was within ITC (full-size cTnT) in 3- to
10-h samples vs 20.8% (5.3%–33.9%) in 13- to 30-h
samples. Central free cTnT fragments within peak B
amounted to 25.6% (12.9%–35.6%) in 3- to 10-h sam-
ples and 26.3% (18.4%–28.7%) in 13- to 30-h samples.
Central free cTnT fragments of peak C were 20.8%
(11.7%–33.0%) and 39.8% (33.3%–76.4%) in 3- to
10-h and 13- to 30-h samples, respectively. The portion
of ITC decreased and the smallest free cTnT fragments
increased over time (P � 0.01).

The Tcom8-TnC7B9 assay detected all troponin
complexes: ITC, LMW-ITC, and IC. The second peak
of the profile resulted from the overlapped LMW-ITC
and IC peaks. In the early sample, the maximum coin-
cided with the LMW-ITC peak, whereas the late sample
maximum corresponded to the IC peak. Therefore, we
suggest a transition from LMW-ITC to IC during disease
progression in some late AMI samples (Fig. 5B).

Discussion

Cardiac troponins are believed to be present in the blood
of AMI patients as a mixture of IC and free cTnT (8 ). At
the same time, some studies support ITC as also present
in the blood (6, 7, 9 ). Here, we demonstrate that 2 forms
of ternary cardiac troponin complexes exist in the blood
of AMI patients: (a) ITC, which contains primarily full-
size or slightly degraded cTnI, and full-size cTnT or its

29-kDa fragment; and (b) LMW-ITC, which contains a
C-terminal region of cTnT starting after approximately
191 to 223 aar and slightly degraded cTnI. IC is also
present in blood and primarily contains cTnI, which is
reduced to approximately 14-kDa fragments. In our
study, only samples with troponin concentrations high
enough to be measured in GF profiles and visualized by
WB were used. Therefore, the number of patients was
small and the first samples were obtained not �3 to 6 h
after AMI onset. The study was performed on a group of
AMI patients with large myocardial infarctions who re-
ceived thrombolytic therapy and underwent stenting (see
Table 1 in the online Data Supplement).

The detection of ITC in AMI plasma samples be-
came possible because of the use of “mixed sandwich
assays” that use 2 antibodies, each specific to different
troponin subunits. In previous studies, cTnI or cTnT in
the GF profile was separately measured (6, 7 ); if the pro-
teins were found in the same GF peak, they were consid-
ered bound into a complex. In some cases, this may have
resulted in overlapped immunoreactive peaks of separate
proteins, as we found was the case for LMW-ITC and
large free cTnT fragments.

The proper choice of mAbs for assays and the spe-
cific type of blood samples are also exceedingly important
for cardiac troponin complex detection. We previously
used an anti-cTnT mAb specific to the N terminus of the
cTnT (4 ), which is cleaved by thrombin during serum
sample preparation (12 ). The choice of mAb did not
allow us to detect ITC in serum samples, and we con-
cluded that IC was the main troponin form in the blood
of AMI patients. Giuliani et al. (5 ) used the same anti-
cTnT mAb and came to the same conclusion. Similarly,
LMW-ITC, which contains only the C-terminal region
of cTnT, was not described before in AMI samples be-
cause none of the authors had used mAbs specific to the C
terminus of cTnT. In our study, only heparin plasma
samples were used to avoid thrombin-mediated degrada-
tion of cTnT after blood sampling (12 ). Heparin admin-
istered to patients may also protect cTnT from degrada-
tion by thrombin in the vasculature.

Our data revealed a set of free cTnT central frag-
ments of approximately 16 to 27 kDa, and their time-
course truncation over the progress of AMI is similar to
that reported by others (10, 11 ). However, according to
our data, no free full-size cTnT or its 29-kDa fragment is
present in AMI plasma samples: Both are the compo-
nents of ITC. The concentration of ITC in early samples
is comparable with the concentration of LMW-ITC. In
contrast, during the late stage of AMI (25–30 h), only a
small amount of ITC remains, LMW-ITC greatly ex-
ceeds ITC, and IC concurrently increases. This corrobo-
rates the results of previous work reporting that in early
AMI plasma samples, a mixture of ITC and IC exists with
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Fig. 5. Time-dependent changes in the GF immunoreactive peaks for a representative AMI patient.
(A), Immunoreactivity GF profile measured by the Tcom8-TnT7E7 assay for ITC. Heparin plasma samples were collected at 6 (-f-) and 30 (-E-)
h following AMI onset. Peak 1, ITC; peak 2, LMW-ITC. (B), Immunoreactivity GF profile measured by the Tcom8-TnC7B9 assay for ITC and IC.
Peak 1, ITC; peak 2, overlapped LMW-ITC and IC peaks. (C), Immunoreactive GF profile measured by the TnT329-TnT406 assay for cTnT. Peak
A, ITC; peak B, free cTnT fragment(s); peak C, free cTnT fragment(s).
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gradually changing ratios throughout the progression of
the disease in favor of IC (9 ).

The limitations of our work were that we did not
consider TnC and believed that it was not cleaved in the
cardiac troponin complexes. We also did not consider
free full-size cTnI because there are published data re-
garding its absence in the blood of AMI patients (6 ).
Plasma samples that did not contain antitroponin auto-
antibodies were used because the presence of autoanti-
bodies interferes with the detection of cardiac troponins
by TnI19C7, TnI560, and TnT7E7 mAbs (9 ).

Based on our results, we propose the following
scheme of ITC transformation during AMI progression
(Fig. 6). First, full-size ITC transforms into LMW-ITC
by the removal of a large portion of cTnT containing
N-terminal and central parts of the cTnT molecule.
Then, the C-terminal fragment of cTnT dissociates from
LMW-ITC, and LMW-ITC transforms into the IC in
which N- and C- termini of cTnI are also readily cleaved.
The removed central portion of cTnT also undergoes
further degradation. A question for further investigation
is whether these processes occur solely in damaged myo-
cardium, from which all forms are released into circula-
tion, or if they can also occur in the bloodstream.

Because patients may be admitted to the hospital at
different times following AMI onset, it is critical that

assays identically detect troponins, regardless of their pre-
sented forms, in samples at any given stage of the disease.
Based on our results, ITC, LMW-ITC, and IC are pres-
ent in different proportions at different times following
AMI onset in patient blood. Therefore, cTnI assays seem
to be specific to the 23 to 126 aar region of cTnI to detect
all troponin complexes. The use of a mixed cTnI-TnC
assay that detects all troponin complexes may also be
promising. To diagnose AMI via cTnT, the assay can be
specific to the central region of cTnT (at least 119–152
aar) present in ITC and in free fragments formed from
ITC during its transformation into LMW-ITC.
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