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Metabolic syndrome is a major risk factor for cardiovascular diseases, and increased cardiomyocyte apop-
tosis which contributes to cardiac dysfunction after myocardial ischemia/reperfusion (MI/R) injury.
Nur77, a nuclear orphan receptor, is involved in such various cellular events as apoptosis, proliferation,
and glucose and lipid metabolism in several cell types. Apoptosis is positively correlated with mitochon-
drial translocation of Nur77 in the cancer cells. However, the roles of Nur77 on cardiac myocytes in
patients with metabolic syndrome remain unclear. The objective of this study was to determine whether
Nur77 may contribute to cardiac apoptosis in patients with metabolic syndrome after I/R injury, and, if so,
to identify the underlying molecular mechanisms responsible. We used leptin-deficient (ob/ob) mice to
make metabolic syndrome models. In this report, we observed that, accompanied by the substantial
decline in apoptosis inducer Nur77, MI/R induced cardiac dysfunction was manifested as cardiomyopathy
and increased ROS. Using the neonatal rat cardiac myocytes cultured in a high-glucose and high-fat med-
ium, we found that excessive H2O2 led to the significant alteration in mitochondrial membrane potential
and translocation of Nur77 from the nucleus to the mitochondria. However, inhibition of the relocation of
Nur77 to mitochondria via Cyclosporin A reversed the changes in membrane potential mediated by H2O2

and reduced myocardial cell injury. Therefore, these data provide a potential underlying mechanism for
cardiac dysfunction in metabolic syndrome and the suppression of Nur77 translocation may provide an
effective approach to reduce cardiac injury in the process.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Metabolic syndrome mediated by insulin resistance consists of
the clustering of central obesity, dyslipidemia (i.e. high TG, low
HDL–C), hyperglycemia, hypertension and urinary protein [1].
Ever-increasing MS correlates positively with the increased mor-
tality and morbidity of cardiovascular diseases in the USA [2,3].
For example, MS can increase the risk for Ischemic heart disease
(IHD) by two to three times [4]. Furthermore, evidences suggest
that MS was found to aggravate MI/R injury in metabolic dysfunc-
tion animal models mediated by obesity [5]. Thus, it is scientifically
significant to explore the relationship between MS and increased
IHD, which may provide another potential point in the treatments
of heart diseases.
Nur77 (NR4A1, NUR77), a transcriptional factor of NR4R family,
was first found in PC12 cancer cells [6]. Cooperating with such var-
ious growth factors as EGF and NGF, Nur77 participates in cell pro-
liferation, differentiation and maturity [7]. Moreover, relocation of
Nur77 to the mitochondrial membrane is involved in the apoptosis
of several kinds of tumor cells after apoptotic stimulations [8–10].
The mechanism linking Nur77 to cell apoptosis lies in the release of
Cytochrome C induced by change in membrane permeability after
Nur77 translocation to the mitochondrial membrane [11]. The role,
however, of Nur77 in cardiomyocyte apoptosis mediated by I/R in-
jury is poorly understood.

Evidence has accumulated indicating that increased reactive
oxygen species (ROS) mediated by MS tend to play an important
role in MI/R injury and cardiomyocyte apoptosis [5–12]. ROS, the
main source of which is mitochondria during energy metabolism,
can trigger the non-selective channel PTP and then affect the mem-
brane potential in mitochondria, eventually leading to cell death
[13,14]. Nevertheless, whether accumulation of ROS in cardiac
myocytes is required for the translocation of Nur77 to mitochon-
dria is not known. Furthermore, whether the inhibition of Nur77
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translocation can reduce ROS mediated cardiomyopathy in MS is
poorly understood. Therefore, we tested the hypothesis that MS-
induced ROS may regulate the expression and translocation of
Nur77 to the mitochondrial membrane and inhibition of Nur 77
relocation reduces cardiomyocyte injury.

2. Methods

2.1. Animal models and reagents

Adult male leptin-deficient (ob/ob) mice and their male wild-
type littermate controls (WT) were purchased from the Depart-
ment of Pathology, and one-day-old Sprague–Dawley (SD) rat pups
were purchased from the Experimental Animal Center of the
Fourth Military Medical University. All experiments were per-
formed in adherence with the National Institutes of Health Guide-
lines on the Use of Laboratory Animals and were approved by the
Committee on Animal Care of the Fourth Military Medical
University.

A cell isolation kit and JC-1 detection kit were purchased from
Nanjing KeyGEN Biotech Co., China and Beyotime CO., China,
respectively. Cyclosporin A, Collagenase I Trypsin, Glucose, Manni-
tol, sodium palmitate were obtained from Sigma–Aldrich, Inc., USA,
with skimmed BSA from MP Bio. CO., USA.

2.2. Surgical preparation of animals and determination of cardiac
function

Mice were anesthetized with 2% isoflurane, and MI/R was
produced by temporarily exteriorizing the heart via left thoracic
incision and placing a 6-0 silk suture slipknot at the distal 1/3 of
the left anterior descending coronary artery. After 30 min of ische-
mia, the slipknot was released, and the myocardium was reper-
fused for 3 h (for apoptosis, WB, and Superoxide Production) or
24 h (for cardiac function). Sham-operated mice underwent the
same surgical procedures except that the suture placed under the
left coronary artery was not tied. Cardiac function was determined
by echocardiography (VisualSonicsVeVo 770 imaging system) 24 h
after coronary occlusion, with EF as an indicator.

2.3. Primary culture of neonatal rat cardiac myocytes

Single cardiac myocytes were isolated from the hearts of
Sprague–Dawley rats using a standard enzymatic technique (equal
volume mixtures of 0.1% Collagenase I and 0.25% Trypsin), and
then isolated via the differential adherence method, planted on
6-well plates. The cells were cultured for 5–7 days before the
addition of relative reagents.

2.4. Preparation of 500 nM sodium palmitate in a high-glucose and
high-fat medium

0.01397 g sodium palmitate were dissolved in 5 ml PBS at 90 �C
and then cooled to 60 �C at room temperature. This solution was
added quickly to PBS–BSA (20% BSA), dissolved, filter sterilized
and stored at 4 �C. The complete mixture was added at a dilution
of 1:9 (High-glucose DMEM cell medium) to the plates up to a
final density of 500 nM. The control group was treated with
free-sodium palmitate BSA solutions and glucose–mannitol
solutions (20 mmol/L).

2.5. Determination of myocardial injury

Myocardial injury was determined by TUNEL staining and ser-
um CK levels. TUNEL staining was performed by using the Roche
apoptosis kit (Roche Applied Science) and as described previously
[15]. Serum CK levels were tested in the department of Pathology
of Xijing Hospital.

2.6. Immunofluorescence, JC-1 and confocal microscopy

Cells were permeabilized in 0.1% Triton X-100 for 5 min,
blocked with 10% goat serum in PBS for 1 h, and incubated with
mouse anti-a-actinin (Sigma, St. Louis, USA, 1:1000) at 4 �C
overnight. The next day, slides were incubated for 1.5 h at room
temperature with Cy3-conjugated secondary antibodies. Nuclei
were stained with DAPI.

JC-1 dye was used to detect the cellular mitochondrial mem-
brane potential (Dwm). At a high Dwm, the accumulation of JC-1
to the mitochondrial membrane forms JC-1 aggregates producing
red fluorescence. Alternatively, green fluorescence is generated
by JC-1 monomers. Neonatal heart cells were cultured and then
JC-1 staining was performed according to the manufacturer’s
instructions.

2.7. Determination of superoxide production in cardiac tissue

ROS Fluorescent Probe-DHE was used for frozen heart sections.
DHE (10 mol/L) was applied to each tissue section, and then
coverslipped. The slides were incubated in a light-protected
humidified chamber at 37 �C for 30 min. Ethidium fluorescence
(excitation at 490 nm, emission at 610 nm) was examined by
fluorescence microscopy.

2.8. Cell separation and Western blot analysis

Proteins were separated on SDS–PAGE gels, transferred to PVDF
(Millipore, MA, USA) and incubated overnight at 4 �C with antibod-
ies directed against Rabbit anti-Nur77 (sc-5569, Santa Cruz, USA,
1:200), mouse anti-b-actin, mouse anti-VDAC (Cell Signaling
Technology, Danvers, MA, USA, 1:1000), rabbit anti-H3 (Santa Cruz
Biotechnology, 1:500). After washing blots to remove excessive
primary antibody binding, blots were incubated for 1 h with horse-
radish peroxidase (HRP)-conjugated secondary antibody (Santa
Cruz, USA, 1:2000). Antibody binding was detected via enhanced
chemiluminescence (Millipore). Film was scanned with Chemi-
DocXRS (Bio-Rad Laboratory, Hercules, CA). Immunoblot band
intensity was analyzed with Lab Image software.

2.9. Data analysis

All values in the text and figures are presented as means ± SEM.
The statistical analysis was performed using the SPSS 14.0
(SPSS, USA). Values of P < 0.05 were considered statistically signif-
icant, as determined using Student’s unpaired t-test or two-way
ANOVA.

3. Results

3.1. MS exacerbated MI/R induced injury accompanied by decreased
Nur77

We administrated ob/ob mice as the animal model of MI/R injury.
The results show that compared with WT mice, ob/ob mice experi-
enced a significant decline in cardiac function after MI/R injury
(P < 0.05, Fig. 1A and B). We also measured the apoptosis and
necrosis via TUNEL and serum CK, respectively. MI/R induced
cardiac injury was enhanced in MS mice, as evidenced by
increases in both TUNEL positive cells and serum CK levels
(P < 0.05, Fig. 1C–E). Meanwhile, the generations of ROS in MS



Fig. 1. MS exacerbated MI/R induced injury, and reduced the expression of Nur77in whole myocyte. Compared with WT mice, ob/ob mice experienced a significant decline in
cardiac function after MI/R injury (A and B). Both TUNEL positive cells (C and D) and serum CK levels (E) were increased. The generations of ROS in ob/ob mice were elevated
after I/R injure (F). Nur77 expression was decreased in ob/ob mice (G).
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animals were elevated (P < 0.05, Fig. 1F). In contrast, Nur77
expression was decreased dramatically, opposite to the previous
hypothesis (P < 0.05, Fig. 1G).
3.2. ROS led to Nur77 translocation in the neonatal heart cells cultured
in a high-glucose and high-fat medium

Neonatal heart cells cultured in a high-glucose and high-fat
medium (Fig. 2A) were subjected to MI/R injury to determine
whether Nur77 was involved in enhanced MI/R injury mice sub-
jected to MS. The addition of H2O2 into cultured neonatal cells
stimulated I/R cardiomyopathy due to the concomitant excessive
production of ROS.

The results suggest that H2O2 not only induced increased apop-
tosis (P < 0.001, Fig. 2B and C) and CK levels (P < 0.05, Fig. 2D) in the
supernatant, but destroyed Dwm followed by a rise in membrane
permeability (Fig. 2E). H2O2 had no effect on the expression of
Nur77 in myocardial cells (Fig. 2F). Furthermore, the relocation
of Nur77 from nucleus to mitochondria, not its expression, in-
creased dramatically after H2O2 simulation in a high-glucose and
high-fat medium (Fig. 2G and H). Collectively, these data demon-
strate that ROS was found to mediate the translocation of Nur77
in the neonatal heart cells subjected to MS.
3.3. Inhibiting relocation of Nur77 to mitochondria resulted ROS-
induced cardiomyocyte injury in a high-glucose and high-fat medium

To further demonstrate the involvement of Nur77 relocation in
enhanced MI/R injury by MS, we used the mitochondrial mem-
brane stabilizer Cyclosporin A. Compared with the H2O2 group,
Cyclosporin A protected neonatal heart cells against ROS mediated
I/R injury, manifested as reduced apoptosis and necrosis (P < 0.05,
Fig. 3A–C). Cyclosporin A also maintained normal mitochondrial
membrane potential after H2O2 injury in a high-glucose and
high-fat medium (Fig. 3D). Furthermore, Cyclosporin A was able
to inhibited Nur77 transport from the nucleus to the mitochondria
(P < 0.01, Fig. 3F), but had no effect on the Nur77 expression in the
whole cell and in nucleus (Fig. 3E and G).
4. Discussion

Cardiomyocyte apoptosis has been demonstrated to be revers-
ible and preventable, exemplified as decreased infarct size and im-
proved cardiac systolic function [16].

However, the mechanisms for MI/R induced cardiomyocyte
apoptosis are unclear although various biologically active factors,
such as ROS and chemokines, play a major role in the process



Fig. 2. H2O2 induced the change of mitochondrial membrane potential (Dwm) and Nur77 translocation in the neonatal heart cells cultured in a high-glucose and high-fat
medium. Immunofluorescent staining for neonatal heart cells: a-actin (Cy3, red),nuclei (DAPI, blue) (A). H2O2 increased apoptosis (B and C) and necrosis (D) in the neonatal
heart cells cultured in a high-glucose and high-fat medium. H2O2 exacerbated the change of Dwm in the neonatal heart cells cultured in a high-glucose and high-fat medium
(E): high Dwm showed red fluorescence, low Dwm showed green fluorescence. H2O2 had no effect on the expression of Nur77 in myocardial cells (F). H2O2 decreased the level
of Nur77 in nucleus (G) and increased the level of Nur77 in mitochondria (H). (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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[17]. For example, the severity of MS-related cardiomyocyte apop-
tosis is correlated positively to ROS generation [18]. Under physio-
logical conditions, the cellular low-level ROS participates in some
cell signaling [19]. Therefore, excessive ROS elimination does not
necessarily preserve cardiac myocytes against apoptosis. Flaherty
found that SOD was unable to further protect cardiac myocytes
of AMI patients treated with PCI [20]. Another case is that smoking
AMI patients did not experience improved cardiac function after
long-term alpha-tocopherol and beta-carotene antioxidant treat-
ments [21]. Therefore, it is important to find the factors critical
to MI/R mediated injury.

We originally found that MS resulted in a decline in Nur77 lev-
els. More interesting still, relocation of Nur77 to the mitochondrial
membrane increased substantially in the MS related cardiac myo-
cytes injury after H2O2 stimulation. Consistent with studies by Li
et al., Nur77 translocation, not its expression, mediated MI/R
induced cardiomyocyte apoptosis [11–22]. We reported that MS-
related ROS induced cardiomyocyte injury was mediated by
Nur77 relocation and inhibited by the mitochondrial membrane
stabilizer Cyclosporin A with no change in Nur77 release from
the nucleus. These data support our hypothesis that Nur77 translo-
cation significantly contributes to the MS-related cardiomyocyte
injury subject to MI/R.

Together with Nurr1 (NR4A2) and NOR-1 (NR4A3), nucleus or-
phan receptor Nur77 consists of NR4A family. Nur77, a transcrip-
tional factor with no legend, can be found in such various organs



Fig. 3. Cyclosporin A inhibited the relocation of Nur77 to mitochondria and decreased cardiomyocyte injury induced by ROS in a high-glucose and high-fat medium.
Cyclosporin A protected neonatal heart cells against H2O2 in reduced apoptosis (A and B) and CK level (C) in a high-glucose and high-fat medium. Cyclosporin A protected
normal Dwm after H2O2 injury in a high-glucose and high-fat medium (D). Cyclosporin A had no effect on the Nur77 expression in the whole cell (E) and the translocation of
Nur77 from the nucleus (F), but inhibited the mitochondrial translocation of Nur77 (G).
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as the pituitary gland, muscles, liver, lungs, and the nervous system
[10]. After the growth factor stimulation, Nur77 performs as an
early transcriptional factor to regulate cell proliferation, which par-
ticipates in cell apoptosis under the influence of apoptotic factors
[8–11]. Recently, under the effect of apoptosis-inducing agents,
Nur77 migrated to the mitochondrial membrane rather than
targeted at the sites in the nucleus, eventually leading to cell apop-
tosis [11]. It has been demonstrated that the heterodimer of Nur77
and RXRs can migrate and target Bcl-2 in mitochondrial mem-
brane, precipitating cell apoptosis [23]. Summarily, the effects of
Nur77 on cell activities depend on what Nur77 locates and targets.

Interestingly, Nur77 expression varies after different stimula-
tions in different cell types. For example, elevated Nur77 expres-
sion participated in apoptosis of T lymphocytes in cancer [24].
Nevertheless, Nur77 translocation to cytoplasm, rather than to
mitochondrial membrane, triggered the combinations of other
apoptosis-inducing factors to mitochondria and then ignited cell
apoptosis [25].

Mitochondria play a major role in regulating the physiological
functions and apoptosis in cardiac myocytes. MI/R injury is associ-
ated with the concomitant damages to mitochondrial structures
and functions, manifested as increased membrane permeability
[26]. In this study, we show that Nur77 relocation to mitochondria
in MS related myocyte injury after MI/R simulation was related to
mitochondrial apoptotic pathway. Furthermore, Cyclosporin A, via
inhibiting the open of PTP, not only reduced the ROS-mediated
Nur77 translocation, but protected cardiac myocytes against I/R
injury, which confirms that Nur77 contributes significantly to
mitochondrial apoptotic mechanisms.

In conclusion, though our study has some limitations, it
strongly suggests that Nur77 translocation participated in MI/R in-
duced apoptotic injury of cardiac myocytes subjected to MS, and
ROS mediated Nur77 relocation to mitochondria in this process.
Therefore, inhibiting the migration of Nur77 to mitochondria can
protect cardiac myocytes subjected to MS against I/R injury and
become a potential target for IHD treatments.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

The authors wish to thank Jie Yang for language help. This work
was supported by the National Science Fund for Distinguished
Young Scholars of China (No. 81225001), National Key Basic



A. Xu et al. / Biochemical and Biophysical Research Communications 446 (2014) 1184–1189 1189
Research Program of China (973 Program, 2013CB531204), New
Century Excellent Talents in University (NCET-11-0870), National
Natural Science Funds of China (Nos. 81170186, 81070676),
National Science and Technology Project for New Drug Development
of China (2012ZX09J12108-06B), Innovation Team Development
Grant by China Department of Education (2010CXTD01).

References

[1] R.H. Eckel, S.M. Grundy, P.Z. Zimmet, The metabolic syndrome, Lancet 365
(2005) 1415–1428.

[2] E.S. Ford, W.H. Giles, W.H. Dietz, Prevalence of the metabolic syndrome among
US adults: findings from the third National Health and Nutrition Examination
Survey, JAMA 287 (2002) 356–359.

[3] Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults, Executive summary of the third report of the National
Cholesterol Education Program (NCEP) expert panel on detection, evaluation,
and treatment of high blood cholesterol in adults (adult treatment panel III),
JAMA 285 (2001) 2486–2497.

[4] T. Thom, N. Haase, W. Rosamond, V.J. Howard, J. Rumsfeld, T. Manolio, Z.J.
Zheng, K. Flegal, C. O’Donnell, S. Kittner, D. Lloyd-Jones, D.J. Goff, Y. Hong, R.
Adams, G. Friday, K. Furie, P. Gorelick, B. Kissela, J. Marler, J. Meigs, V. Roger, S.
Sidney, P. Sorlie, J. Steinberger, S. Wasserthiel-Smoller, M. Wilson, P. Wolf,
Heart disease and stroke statistics – 2006 update: a report from the American
Heart Association Statistics Committee and Stroke Statistics Subcommittee,
Circulation 113 (2006) e85–e151.

[5] R. Harmancey, H.G. Vasquez, P.H. Guthrie, H. Taegtmeyer, Decreased long-
chain fatty acid oxidation impairs postischemic recovery of the insulin-
resistant rat heart, FASEB J. 27 (2013) 3966–3978.

[6] H. Maruoka, H. Sasaya, Y. Shimamura, Y. Nakatani, K. Shimoke, T. Ikeuchi,
Dibutyryl-cAMP up-regulates nur77 expression via histone modification
during neurite outgrowth in PC12 cells, J. Biochem. 148 (2010) 93–101.

[7] Y. Liu, J. Zhang, B. Yi, M. Chen, J. Qi, Y. Yin, X. Lu, J.F. Jasmin, J. Sun, Nur77
suppresses pulmonary artery smooth muscle cell proliferation through
inhibition of the STAT3/Pim-1/NFAT pathway, Am. J. Respir. Cell Mol. Biol. 50
(2014) 379–388.

[8] S.O. Lee, U.H. Jin, J.H. Kang, S.B. Kim, A.S. Guthrie, S. Sreevalsan, J.S. Lee, S. Safe,
The orphan nuclear receptor NR4A1 (Nur77) regulates oxidative and
endoplasmic reticulum stress in pancreatic cancer cells, Mol. Cancer Res.
(2014).

[9] S.K. To, W.J. Zeng, J.Z. Zeng, A.S. Wong, Hypoxia triggers a Nur77-beta-catenin
feed-forward loop to promote the invasive growth of colon cancer cells, Br. J.
Cancer 110 (2014) 935–945.

[10] J. Wu, J. Liu, R. Jia, H. Song, Nur77 inhibits androgen-induced bladder cancer
growth, Cancer Invest. 31 (2013) 654–660.

[11] H. Li, S.K. Kolluri, J. Gu, M.I. Dawson, X. Cao, P.D. Hobbs, B. Lin, G. Chen, J. Lu, F.
Lin, Z. Xie, J.A. Fontana, J.C. Reed, X. Zhang, Cytochrome c release and apoptosis
induced by mitochondrial targeting of nuclear orphan receptor TR3, Science
289 (2000) 1159–1164.

[12] N. Galang, H. Sasaki, N. Maulik, Apoptotic cell death during ischemia/
reperfusion and its attenuation by antioxidant therapy, Toxicology 148
(2000) 111–118.

[13] M.P. Murphy, How mitochondria produce reactive oxygen species, Biochem. J.
417 (2009) 1–13.

[14] D.J. Hausenloy, D.M. Yellon, The mitochondrial permeability transition pore:
its fundamental role in mediating cell death during ischaemia and reperfusion,
J. Mol. Cell. Cardiol. 35 (2003) 339–341.

[15] L. Tao, Y. Wang, E. Gao, H. Zhang, Y. Yuan, W.B. Lau, L. Chan, W.J. Koch, X.L. Ma,
Adiponectin: an indispensable molecule in rosiglitazone cardioprotection
following myocardial infarction, Circ. Res. 106 (2010) 409–417.

[16] Z.Q. Zhao, C.D. Morris, J.M. Budde, N.P. Wang, S. Muraki, H.Y. Sun, R.A. Guyton,
Inhibition of myocardial apoptosis reduces infarct size and improves regional
contractile dysfunction during reperfusion, Cardiovasc. Res. 59 (2003) 132–
142.

[17] B. Wu, R. Lin, R. Dai, C. Chen, H. Wu, M. Hong, Valsartan attenuates oxidative
stress and NF-kappaB activation and reduces myocardial apoptosis after
ischemia and reperfusion, Eur. J. Pharmacol. 705 (2013) 140–147.

[18] R.M. Maalouf, A.A. Eid, Y.C. Gorin, K. Block, G.P. Escobar, S. Bailey, H.E. Abboud,
Nox4-derived reactive oxygen species mediate cardiomyocyte injury in early
type 1 diabetes, Am. J. Physiol. Cell Physiol. 302 (2012) C597–C604.

[19] N.S. Dhalla, A.B. Elmoselhi, T. Hata, N. Makino, Status of myocardial
antioxidants in ischemia–reperfusion injury, Cardiovasc. Res. 47 (2000) 446–
456.

[20] J.T. Flaherty, B. Pitt, J.W. Gruber, R.R. Heuser, D.A. Rothbaum, L.R. Burwell, B.S.
George, D.J. Kereiakes, D. Deitchman, N. Gustafson, et al., Recombinant human
superoxide dismutase (h-SOD) fails to improve recovery of ventricular
function in patients undergoing coronary angioplasty for acute myocardial
infarction, Circulation 89 (1994) 1982–1991.

[21] J.M. Rapola, J. Virtamo, S. Ripatti, J.K. Huttunen, D. Albanes, P.R. Taylor, O.P.
Heinonen, Randomised trial of alpha-tocopherol and beta-carotene
supplements on incidence of major coronary events in men with previous
myocardial infarction, Lancet 349 (1997) 1715–1720.

[22] Z. Cheng, M. Volkers, S. Din, D. Avitabile, M. Khan, N. Gude, S. Mohsin, T. Bo, S.
Truffa, R. Alvarez, M. Mason, K.M. Fischer, M.H. Konstandin, X.K. Zhang, B.J.
Heller, M.A. Sussman, Mitochondrial translocation of Nur77 mediates
cardiomyocyte apoptosis, Eur. Heart J. 32 (2011) 2179–2188.

[23] S.K. Kolluri, X. Zhu, X. Zhou, B. Lin, Y. Chen, K. Sun, X. Tian, J. Town, X. Cao, F.
Lin, D. Zhai, S. Kitada, F. Luciano, E. O’Donnell, Y. Cao, F. He, J. Lin, J.C. Reed, A.C.
Satterthwait, X.K. Zhang, A short Nur77-derived peptide converts Bcl-2 from a
protector to a killer, Cancer Cell 14 (2008) 285–298.

[24] A. Winoto, D.R. Littman, Nuclear hormone receptors in T lymphocytes, Cell 109
(Suppl) (2002) S57–S66.

[25] A.J. Wilson, D. Arango, J.M. Mariadason, B.G. Heerdt, L.H. Augenlicht, TR3/
Nur77 in colon cancer cell apoptosis, Cancer Res. 63 (2003) 5401–5407.

[26] P. Li, D. Nijhawan, X. Wang, Mitochondrial activation of apoptosis, Cell 116
(2004) S57–S59 (2 p following S59).

http://refhub.elsevier.com/S0006-291X(14)00538-5/h0005
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0005
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0010
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0010
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0010
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0015
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0015
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0015
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0015
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0015
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0020
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0020
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0020
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0020
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0020
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0020
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0020
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0025
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0025
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0025
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0030
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0030
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0030
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0035
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0035
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0035
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0035
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0040
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0040
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0040
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0040
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0045
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0045
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0045
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0050
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0050
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0055
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0055
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0055
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0055
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0060
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0060
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0060
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0065
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0065
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0070
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0070
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0070
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0075
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0075
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0075
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0080
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0080
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0080
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0080
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0085
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0085
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0085
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0090
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0090
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0090
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0095
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0095
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0095
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0100
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0100
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0100
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0100
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0100
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0105
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0105
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0105
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0105
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0110
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0110
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0110
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0110
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0115
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0115
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0115
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0115
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0120
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0120
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0125
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0125
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0130
http://refhub.elsevier.com/S0006-291X(14)00538-5/h0130

	Mitochondrial translocation of Nur77 induced by ROS contributed  to cardiomyocyte apoptosis in metabolic syndrome
	1 Introduction
	2 Methods
	2.1 Animal models and reagents
	2.2 Surgical preparation of animals and determination of cardiac function
	2.3 Primary culture of neonatal rat cardiac myocytes
	2.4 Preparation of 500nM sodium palmitate in a high-glucose and high-fat medium
	2.5 Determination of myocardial injury
	2.6 Immunofluorescence, JC-1 and confocal microscopy
	2.7 Determination of superoxide production in cardiac tissue
	2.8 Cell separation and Western blot analysis
	2.9 Data analysis

	3 Results
	3.1 MS exacerbated MI/R induced injury accompanied by decreased Nur77
	3.2 ROS led to Nur77 translocation in the neonatal heart cells cultured in a high-glucose and high-fat medium
	3.3 Inhibiting relocation of Nur77 to mitochondria resulted ROS-induced cardiomyocyte injury in a high-glucose and high-fat medium

	4 Discussion
	Conflict of interest
	Acknowledgments
	References


