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Background: Calreticulin (CRT), a Ca%*-binding chaperone of the endoplasmic reticulum, can also be
found in several other locations including the cytosol, nucleus, secretory granules, the outer side of the
plasma membrane, and the extracellular matrix. Whether CRT is localized at mitochondria of cardiomyo-
cytes and whether such localization is affected under DCM are still unclear.

Methods and results: The DCM model was generated in rats by the daily oral administration of furazoli-
done for thirty weeks. Echocardiographic and hemodynamic studies demonstrated enlarged left ventric-
ular dimensions and reduced systolic and diastolic function in DCM rats. Immuno-electron microscopy
and Western blot showed that CRT was present in cardiomyocyte mitochondria and the mitochondrial
content of CRT was increased in DCM hearts (P < 0.05). Morphometric analysis showed notable myocar-
dial apoptosis and mitochondrial swelling with fractured or dissolved cristae in the DCM hearts. Com-
pared with the control group, the mitochondrial membrane potential level of the freshly isolated
cardiac mitochondria and the enzyme activities of cytochrome c¢ oxidase and succinate dehydrogenase
in the model group were significantly decreased (P < 0.05), and the myocardial apoptosis index and the
caspase activities of caspase-9 and caspase-3 were significantly increased (P < 0.05). Pearson linear cor-
relation analysis showed that the mitochondrial content of CRT had negative correlations with the mito-
chondrial function, and a positive correlation with myocardial apoptosis index (P < 0.001). The protein
expression level of cytochrome c and the phosphorylation activity of STAT3 in the mitochondrial fraction
were significantly decreased in the model group compared with the control group (P < 0.05).
Conclusions: These data demonstrate that CRT is localized at cardiomyocyte mitochondria and its mito-
chondrial content is increased in DCM hearts.
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1. Introduction Calreticulin (CRT) is a Ca?*-binding chaperone of the endoplas-

mic reticulum involved in Ca?* storage and modulation of intracel-

Dilated cardiomyopathy (DCM) is characterized mainly by left
ventricular systolic dysfunction (abnormality of contraction), with
an associated increase in mass and volume, and has many causes
[1]. However, the mechanisms and pathogenesis of DCM are still
poorly understood. Cardiac mitochondria are the energy power
for heart systolic and diastolic function, and obvious structural
and functional damage of the cardiac mitochondria are present in
the patients with DCM [2]. Therefore cardiac mitochondrial
molecular abnormalities constitute an attractive basis of the
development of DCM.
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lular Ca** homeostasis [3]. CRT is highly expressed in the
embryonic heart, but immediately down-regulated after birth [4].
The overexpression of CRT in the postnatal mouse heart results
in DCM, but the mechanism is not fully understood [5]. Moreover,
the alterations of CRT expression in DCM hearts remain ambiguous
[6,7].

Although it is generally assumed that CRT is exclusively local-
ized in the sarcoplasmic reticulum [3], there is some evidence that
this may not be the case. Recent studies have shown that CRT can
also be found in several other locations including the cytosol [8,9],
nucleus [10,11], secretory granules [12,13], the outer side of the
plasma membrane [14], and the extracellular matrix [15].

Since mitochondria play an important role in the development
of DCM, the aims of the present study were to investigate whether
CRT is localized at rat cardiomyocyte mitochondria, and whether
the mitochondrial content of CRT is altered in the DCM rat hearts.
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2. Materials and methods
2.1. Materials

Sprague-Dawley rats (male, 2 weeks old) were purchased from
Animal Center of Xi’an Jiaotong University (Xi'an, China). All the
chemicals and reagents were purchased from Sigma unless other-
wise mentioned.

2.2. Animal model

A model of DCM was generated in Sprague-Dawley rats
through administrating furazolidone solution (700 ppm) as
described previously [16]. The rats in the control group drank
0.15% carboxy methylcellulose-Na solution, and the untreated
group drank tap water only. All animal study protocols were
approved by the Institutional Animal Research and Ethics Commit-
tee of Xi'an Jiaotong University (SCXK2007-001).

2.3. Hemodynamic and echocardiographic measurements

After anesthetizing rats by intraperitoneal injection of chloral
hydrate (300 mg/kg), two-dimensional, targeted M-mode tracings
were obtained at the level of the papillary muscles with an echo-
cardiographic system (Philips iE33) equipped with a 12-4 MHz
transducer (Philips). A series of cardiac parameters including the
Tei index [17], were measured and calculated. Then, a PE-50 cath-
eter connecting a pressure-electricity transducer was inserted into
the right carotid artery and advanced into the left ventricle (LV) to
record left ventricular systolic and diastolic pressures, as well as
the maximum and minimum rates of LV pressure development
(dP/dt), using the Power Lab 4.12 system (AD instrument, Sydney,
Australia). All studies were performed by an investigator blinded to
the treatments, and each measurement was obtained with an aver-
age of three consecutive heart beats.

2.4. Ultrastructure analysis

Fresh tissue from the apex of the hearts was cut into pieces
1mm?, fixed with 2.5% glutaraldehyde, then fixed with 1% peros-
mic acid and dehydrated in an ethanol series. Ultrathin sections
were placed on 400 mesh grids and double-stained with uranyl
acetate and lead citrate, then observed with a transmission elec-
tron microscope (HITACHI-H7650, Tokyo, Japan).

2.5. Immuno-electron microscopy

Rats were anesthetized, and then fresh tissue from the apex of
the hearts was fixed in 0.5% glutaraldehyde and 4% paraformalde-
hyde in 0.1 M sodium phosphate buffer pH7.4 at 4 °C for 2 h. Sam-
ples were then dehydrated in ethanol and embedded in Lowicryl
K4M at low temperature. Ultrathin sections were cut and placed
on formvar-coated 100-mesh nickel grids. The sections were first
blocked with 1% bovine serum albumin (BSA) at room temperature
for 30 min, and then incubated at 4 °C overnight with the primary
antibody, rabbit anti-CRT (Abcam) at a dilution of 1:500. After
washing, sections were detected with a secondary antibody coated
with 10-nm colloidal gold, and subsequently the grids were dou-
ble-stained with uranyl acetate and lead citrate. As a control, sam-
ples were prepared without the primary antibody. The sections
were examined under a transmission electron microscope at 80 kV.

2.6. TUNEL assay

DNA fragmentation of myocardial cells was detected in situ by
terminal deoxyribonucleotide transferase-mediated dUTP nick end

labeling (TUNEL) with the In Situ Cell Death Detection Kit, Fluores-
cein (Roche Molecular Biochemicals). The LV myocardia were fixed
in 10% neutral buffered formalin, and paraffin sections were then
cut. The sections were pretreated with proteinase K working solu-
tion at 37 °C for 10 min, and subsequently permeabilized in a solu-
tion containing 0.1% Triton X-100 in 0.1% sodium citrate at 37 °C
for 8 min, followed by incubation in the freshly prepared TUNEL
reaction mixture for 90 min at 37 °C in the dark. The sections were
then washed with PBS and counterstained with 4/,6’-diamidino-2-
phenylindole (DAPI). Finally the sections were washed again with
PBS and treated with anti-fading solution. Photographs were taken
with a fluorescence microscope (Leica Company, Germany). Six
high power fields were randomly sampled and positive cells were
calculated for every section and five sections from each group.

2.7. Mitochondria isolation

Cardiac mitochondria were isolated from rat hearts as previ-
ously described using some modifications [18,19]. Nuclei and
unbroken cells were pulled down by centrifugation at 1000g for
10 min at 4 °C. Then, the mitochondrial fraction was obtained by
centrifugation of supernatant at 10,000g for 10 min at 4 °C, and
purified by 30% percoll gradient ultracentrifugation at 45,000g
for 50 min at 4 °C. The purified cardiac mitochondria were sus-
pended in mitochondrial storage fluid (300 mmol/L sucrose,
2 mmol/L Hepes, 0.1 mmol/L EGTA, pH7.4), and stored at —80 °C.
The purified cardiac mitochondria were confirmed by the trans-
mission electron microscope examination. The purification proce-
dure was assessed as the enrichment in mitochondrial proteins
as well as the elimination of other cellular constituents by means
of Western-blot analysis.

2.8. JC-1 assay for mitochondrial membrane potential

Mitochondrial membrane potential (MMP) was assessed using
the lipophilic cationic probe 5,5',6,6'-tetrachloro-1,1’,3,3'-tetraeth-
ylbenzimidazolylcarbocyanine iodide (JC-1). For quantitative fluo-
rescence measurements, isolated fresh mitochondria were rinsed
once after JC-1 staining and scanned with a fluorescence micro-
plate reader (Tecan Infinite M200, Switzerland) at 490 nm excita-
tion and 590 nm emission to measure red JC-1 fluorescence. Each
well was scanned by measuring the intensity of each of 25 squares
(of 1 mm? area) arranged in a 5 x 5 rectangular array.

2.9. Measurements of mitochondrial enzyme activities

Cytochrome c oxidase (COX) and succinate dehydrogenase
(SDH) activities were measured using a COX assay kit (Genemed
Scientifics Inc., Shanghai, China) and SDH assay kit (Jiancheng
Bioengineering Co., Nanjing, China) following the manufacture’s
instructions, as previously described [16].

2.10. Measurements of caspase-3 and caspase-9 activities

Caspase-3 and caspase-9 activities were measured using the
kits (Beyotime) following the manufacturer’s instructions. Briefly,
the myocardial tissue homogenates were incubated in a 96-well
microtitre plate with 20 ng Ac-DEVD-pNA (caspase-3 activity) or
Ac-LEHD-pNA (caspase-9 activity) for 2 h at 37 °C. Caspase activity
was measured by cleavage of the Ac-DEVD-pNA or Ac-LEHD-pNA
substrate to pNA, the absorbance of which was measured at
405 nm. Relative caspase activity was calculated as a ratio of
untreated group.
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Table 1

Hemodynamic and echocardiographic analysis.
Parameter Untreated Control Model
Echocardiographic data
Number 6 9 16
HR (beats/min) 393 +26.9 413+£38.8 392+424
LVDd (mm) 6.97 £0.16 7.05+0.18 7.74+0.42"
LVDs (mm) 4.06 £0.15 4.02+0.13 504021
IVST (mm) 1.56 £ 0.06 1.57£0.16 1.52+0.15
PWT (mm) 1.39£0.09 1.39x0.18 1.23+0.13"
LVEDV(pl) 253+13.1 259+15.2 321+39.0
LVESV (ul) 72.5+6.49 70.9 £5.59 120+ 12.2°
FS (%) 41.8+1.84 4294 +1.52 34.86+2.72"
EF (%) 71.4+1.06 72.6 +1.71 62.3+3.64
Tei index 0.37 £ 0.05 0.36 +0.06 0.73+0.09°
Hemodynamic data
Number 6 6 10
dP/dtpax (mmHg/s) 8406 + 855 8668 + 723 5258 + 500
dP/dtmin (mmHg/s) 7463 + 820 7559+ 1093 4951+ 744"
LVSP (mmHg) 139+8.86 135+ 8.49 1114158
LVEDP (mmHg) ~1.42+£033 ~1.34+0.45 246 +0.78"

Values are mean + SD. HR, heart rate; LVDd, left ventricular end-diastolic dimen-
sion; LVDs, left ventricular end-systolic dimension; IVST: inter-ventricular septal
thickness; PWT: posterior wall thickness; LVEDV: left ventricular end-diastolic
volume; LVESV: left ventricular end-systolic volume; FS, fractional shortening; EF,
ejection fraction; dp/dt, first derivative of pressure; LVSP, left ventricular systolic
pressure; LVEDP, left ventricular end-diastolic pressure.

* P<0.05 versus the control group.

2.11. Western-blot analysis

Samples were lysed with RIPA lysis buffer containing protease
and phosphatase inhibitors (Roche, Germany). The lysates were

A E

homogenized and the homogenates were centrifuged at 16,000g
for 20 min at 4 °C. The supernatants were collected and protein
concentrations were determined. Equivalent amounts of protein
were subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred onto a polyvinylidene difluoride
membrane (Millipore). The membranes were incubated with spe-
cific antibodies against CRT (1:1500; Abcam), STAT3 (1:2000; Cell
Signaling), phosphorylated STAT3 (Tyr705; 1:1000; Cell Signal-
ing), cytochrome c (1:500; Proteintech), Na*/K*-ATPase (1:1000;
Epitomics), sarcoplasmic calcium-ATPase (SERCA2; 1:1000;
Epitomics), Gass (1:500; Santa Cruz), lamin A (1:500; Santa Cruz),
voltage-dependent anion channels (VDAC; 1:800; Proteintech),
and cytochrome c oxidase subunit IV (COXIV; 1:2500; Cell Signal-
ing). Blots were visualized with a secondary antibody coupled to
horseradish peroxidase (Pierce Biotechnology) and an enhanced
chemiluminescence detection system (Pierce Biotechnology). In
this experiment, COXIV was used as a loading control for the
mitochondrial protein.

2.12. Statistical analysis

All data are presented as mean * standard deviation (SD) and
were analyzed using SPSS 16.0 software. Analysis of data was per-
formed using one-way analysis of variance test and LSD test. The
correlations between mitochondrial content of CRT and cardiac
mitochondrial function or myocardrial apoptosis index were ana-
lyzed using Linear regression and correlation analysis. P < 0.05
was considered statistically significant.
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Fig. 1. CRT is present in rat left ventricular mitochondria. (A) Representative images of immune-electron labeling of CRT in cardiomyocyte mitochondria from untreated (a),
control (b) and model (c) groups were shown. In (d), the primary antibody was omitted as a negative control. Scale bar = 200 nm. (B) Purified rat left ventricular mitochondria
were observed under electron microscopy. (C) Western blot analysis further showed that no immunoreactive signals were detected for markers of the plasma membrane
(Na*/K*-ATPase, Gysprotein), the sarcoplasmic reticulum (SERCA2), the cytosol (Gysprotein), and the nucleus (lamin A) in the mitochondrial extracts. (D) Mitochondrial
content of CRT was detected by Western blot analysis. The protein expression is represented as the mean + SD (n = 6, 6 and 10 respectively). *P < 0.05 versus the control group.



M. Zhang et al./ Biochemical and Biophysical Research Communications 449 (2014) 62-68 65

3. Results
3.1. Clinical course

After continuous furazolidone administration for thirty weeks,
the rats showed inanimate behavior, decreased physical activity
and food intake and an increased rate of breathing. Four out of
twenty rats in the model group died, while no rats died in the con-
trol and untreated groups. Additionally, fourteen out of twenty rats
in the model group were found with pericardial effusion, but no
effusion occurred in the control and untreated groups. Peritoneal
effusion has not been observed in any groups.

3.2. Echocardiographic and hemodynamic parameters

After furazolidone treatment for thirty weeks, echocardio-
graphic studies on the rats in the model and control groups showed
the evidence for cardiac remodeling in DCM hearts with increased
LVDd and LVDs (7.74 + 0.42 versus 6.97 £ 0.16 mm and 5.04 + 0.21
versus 4.06 £ 0.15 mm, respectively, both P<0.05), reduced %FS
and %EF (34.86+2.72 versus 41.8+1.84 and 62.3 £ 3.64 versus

u treated ,

control

71.4 +1.06, respectively, both P<0.05), and increased Tei index
(0.73+£0.09 versus 0.37 £0.05, P<0.05). At this time point,
hemodynamic measurement obtained through intracardiac cathe-
terization showed significantly reduced LVSP (111 + 15.8 versus
139 + 8.86 mmHg, P < 0.05) and impaired dP/dt in the model group
compared with the control group. The rats in the untreated group
had similar echocardiographic and hemodynamic parameters to
those of the control group (Table 1).

3.3. Location of CRT at mitochondria

Ultrastructural immunolabeling was performed using the rabbit
anti-rat CRT antibody to detect whether CRT is expressed in cardiac
mitochondria. Immuno-electron analysis of myocardial samples
from rat LV myocardium demonstrated the presence of colloidal
gold-marked CRT antibodies at mitochondria in the untreated
group, control group and model group (Fig. 1A), whereas no
particles were detected in the negative control preparations in
which the primary antibody had been omitted (Fig. 1A). More
interestingly, there were more gold particles in the model group
compared with the control group.
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Fig. 2. Alterations of cardiac mitochondria and their correlations with mitochondrial content of CRT. (A) Normal mitochondrial structure was shown in the untreated and
control groups, and swollen mitochondria with fractured or dissolved cristae in the model group. Scale bar = 250 nm. (B) Compared with the control group, the enzyme
activities of COX (cytochrome c oxidase) and SDH (succinate dehydrogenase), and MMP (mitochondrial membrane potential) level in the isolated cardiac mitochondria in the
model group significantly decreased. Data are mean +SD (n=6, 6 and 10 respectively). *P < 0.05 versus the control group. (C) Mitochondrial content of CRT correlated
negatively with the enzyme activities of COX and SDH, and the MMP level of the isolated cardiac mitochondria.
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3.4. Increased mitochondrial content of CRT in DCM hearts

Cardiac mitochondria were extracted from the rat LV
myocardium, and were purified through density gradient ultracen-
trifugation. Using electron microscopy, we observed that there
were nearly no other cellular components except mitochondria
in the extracts, and mitochondrial membrane was integrity
(Fig. 1B). Western blot analysis further showed that no immunore-
active signals were detected for markers of the plasma membrane
(Na*/K*-ATPase, Gysprotein), the sarcoplasmic reticulum (SERCA2),
the cytosol (Gysprotein), and the nucleus (lamin A) in the mito-
chondrial extracts (Fig. 1C). In the mitochondrial extracts, which
stained positive for markers of the mitochondria (COXIV and
VDAC), CRT was present, and its protein expression level was sig-
nificantly increased in the model group compared with the control
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group (P <0.05, Fig. 1D). Moreover, the mitochondrial content of
CRT did not differ between the untreated and control groups
(P>0.05).

3.5. Mitochondrial morphology and function

Using electron microscopy, we observed morphological changes
of cardiomyocyte ultrastructure in the model group, including
swollen mitochondria with fractured or dissolved cristae, vacuoli-
zation of the cytoplasm, and dilation of the sarcotubular system
with irregular cell nuclei. However, the cardiomyocyte ultrastruc-
ture in the untreated and control groups showed regular myofibril
arrangement, maintained sarcotubular systems, and preserved
mitochondria (Fig. 2A). Compared with the control group, MMP
level of the isolated fresh cardiac mitochondria in the model group

Merge

pajeasjun

|oJ3U0d

|epow

C 35
30 R Sq Linear=0.974
E 5 P<0.001
3
H 20
2
5 15
& 10
o
©
5
0 T T T T \
0.25 0.5 0.75 1 1.25 15
CRT protein expression level
E ¢
OCaspase-9 BCaspase-3
5 *

Caspase activity (n-fold)
w

gim N

untreated control

model

Fig. 3. Increased myocardial apoptosis in DCM rats. (A) Myocardial apoptosis was detected by TUNEL assay. Blue fluorescent spots represent all of nucleus, and green
fluorescent spots represent the apoptotic cells. (B) The myocardial apoptosis index in the model group was significantly increased. (C) Mitochondrial content of CRT correlated
positively with the myocardial apoptosis index. (D) Mitochondrial content of cytochrome c was detected by Western blot analysis. (E) Caspase 9/3 activities were detected by
commercially available ELISA kits. Data are mean = SD (n =6, 6 and 10 respectively). “P < 0.05 versus the control group. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)
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significantly decreased (77.1 £ 6.54% versus 95.66 + 8.57%, P < 0.05,
Fig. 2B). Moreover, the enzyme activities of COX and SDH in the
model group were lower than those in the control group
(72.7+5.5% versus 102+8.05% and 61.2+5.7% versus
96.3 + 8.01%, respectively, both P <0.05, Fig. 2B). MMP, COX, and
SDH did not differ between the untreated and control groups
(P>0.05). Pearson linear correlation analysis showed that the
mitochondrial content of CRT had negative correlations with the
MMP level and the enzyme activities of COX and SDH (P < 0.001,
Fig. 2C).

3.6. Increased myocardial apoptosis in DCM rat

TUNEL assay demonstrated notable myocardial apoptosis
occurred in the DCM rats (Fig. 3A), and quantitative analysis fur-
ther revealed the myocardial apoptosis index in the model group
was higher than that in the control group (23.4 +4.67 versus
1.52 £0.73, P<0.05, Fig. 3B). Pearson linear correlation analysis
showed that the mitochondrial content of CRT had positive
correlation with the myocardial apoptosis index (linear correlation
coefficient = 0.987, P < 0.05, Fig. 3C).

To further determine whether myocardial apoptosis was a mito-
chondrial-dependent pathway, we tested whether cytochrome c
could be released from the mitochondria into the cytoplasm. As
shown in Fig. 3D, the mitochondrial content of cytochrome c in
the model group was significantly lower than that in the control
group (P < 0.05). Our research also showed that the activities of cas-
pase-9 and caspase-3 were highly increased in DCM hearts com-
pared with the control values (4.35 £ 0.58 versus 1.12 +0.11 and
3.13 +£0.51 versus 0.98 £ 0.10, respectively, both P < 0.05, Fig. 3E).
And the myocardial apoptosis degree in the untreated group was
similar to that in the control group.

3.7. Alterations of mitochondrial content of STAT3

The mitochondrial content of phosphorylated and total STAT3
in the model group were both significantly decreased compared
with the control group (P<0.05). The ratio of phosphorylated
STAT3 to total STAT3 in the mitochondrial fraction of DCM hearts
was significantly lower than that in the control group (P < 0.05,
Fig. 4). The mitochondrial content of phosphorylated and total
STAT3 and the ratio of phosphorylated STAT3 to total STAT3 did
not differ between the untreated and control groups (P> 0.05).

4. Discussion

The present study demonstrates that CRT is localized at cardio-
myocyte mitochondria and that the mitochondrial content of CRT
is enhanced in DCM hearts.

CRT is a Ca?"-binding chaperone of the endoplasmic reticulum
[3]. However, it is not only localized in the sarcoplasmic reticulum
[3], has also been found in the cytosol [8,9], nucleus [10,11], secre-
tory granules [12,13], cell surface [14], and the extracellular matrix
[15]. Nevertheless CRT was not detected in mitochondria isolated
from human myocardium using a proteomic approach [20]. In the
present study, we identified CRT in mitochondria of rat myocardium
using independent techniques such as immune-electron micros-
copy and Western blot analysis. The immune-electron microscopy
demonstrated the presence of colloidal-gold-labeled CRT antibodies
within mitochondria. The distribution of the gold-labeled particles
was not very high specificity, as the low specificity but high sensitiv-
ity of the immune-electron microscopy technique or the CRT anti-
body. Due to the distance of about 20 nm between the antigen and
the gold-labeled particle as well as the high density of membranes
in the mitochondria, the exact localization of CRT in mitochondria
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Fig. 4. Alterations of mitochondrial content of STAT3. The protein expression levels
of phosphorylated and total STAT3 in cardiac mitochondria were determined by
Western blot. COXIV was used as a loading control for the mitochondrial protein. A
representative blot is shown in the top panel, and quantitative analysis results are
shown in the bottom panel. Data are mean + SD (n =6, 6 and 10 respectively), and
each Western blot was performed in triplicate. *P < 0.05 versus the control group.

could not be determined by immune-electron microscopy. Thereby
the presence of CRT within mitochondria was confirmed by the
Western blot analysis. The CRT protein contains no leader sequence
targeting the precursor protein to the mitochondria as analyzed
with MITOPORT and TargetP [21,22]. However, it is possible that
CRT is imported into the mitochondria via the presequence recep-
tors of the TOM and TIM (translocases of the outer and inner mem-
brane, respectively) protein complexes, which are not necessarily
dependent on cleavable presequences [23].

CRT is highly expressed in the embryonic heart, but immedi-
ately down-regulated after birth [4]. The overexpression of CRT
in the postnatal heart results in DCM [5]. However, the accurate
pathogenesis of CRT in the progress of DCM is still unclear. Previ-
ous studies have reported that CRT affects STAT3 signaling and
functions as a STAT3 inhibitor [24], and up-regulated expression
of CRT in the DCM hearts could inhibit STAT3 phosphorylation
[16]. It has also been demonstrated that STAT3 is present in mito-
chondria [25,26], and mitochondrial STAT3 possibly contributes to
cardioprotection by modulation of mitochondrial electron trans-
port chain and inhibition of permeability transition pore opening
[27,28]. Our present research revealed that phosphorylated STAT3,
total STAT3, and the ratio of phosphorylated to total STAT3 in the
mitochondria of DCM hearts were all significantly decreased, sug-
gesting that mitochondrial CRT may directly inhibit mitochondrial
STAT3 in the progress of DCM.

Down-regulated expression of STAT3 could reduce its protective
effect on cardiac mitochondria. Morphological and functional anal-
ysis showed mitochondrial injury in the DCM hearts. Our data also
illustrated the more release of cytochrome c from mitochondria,
activation of caspase-9 and caspase-3, and the increased apoptosis
index, suggesting the mitochondrial related apoptosis pathway
occurred in the DCM hearts. And further studies have showed that
the mitochondrial content of CRT had negative correlations with



68 M. Zhang et al. / Biochemical and Biophysical Research Communications 449 (2014) 62-68

mitochondrial function, and a positive correlation with myocardial
apoptosis index, suggesting that up-regulated mitochondrial CRT
could lead to serious cardiac mitochondrial damage and the
myocardial apoptosis.

In summary, CRT is also present in cardiomyocyte mitochon-
dria, and its protein expression level is increased in DCM hearts.
Up-regulated expression of mitochondrial CRT may lead to serious
cardiac mitochondrial damage through inhibiting the phosphoryla-
tion of mitochondrial STAT3. However, the exact mitochondrial
location of CRT and its importing mechanism to mitochondria will
be further explored in our future studies.
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