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pathway, suggesting that KLF11 may be provide therapeu-
tic targets for H/R or other heart diseases.
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Introduction

Cardiovascular diseases remains the leading cause of death 
in middle-aged people worldwide [1]. Cardiac dysfunction 
induced by myocardial infarction is one of the most chal-
lenging clinical questions. Myocardial ischemia–reperfu-
sion (I/R) caused acute myocardial infarction; Moreover, 
an abrupt rise in reactive oxygen species (ROS) induced by 
mitochondria during reperfusion [2] causes further cardio-
myocyte apoptosis and mitochondrial damage [3, 4]. There-
fore, targeted inhibition of cell apoptosis and mitochondrial 
damage may be effective in the prevention of I/R injury.

A variety of signaling pathways are involved in the 
regulation of I/R. Janus kinase (JAKs) proteins are a kind 
of cytosolic tyrosine kinase associated with the intracel-
lular domain of membrane-bound receptors, which could 
transduce signals from ligands to the nucleus, activat-
ing downstream signaling pathways [5]. There are four 
family members: JAK1, JAK2, JAK3 and tyrosine kinase 
(TYKS), which show different receptor affinities. However, 
all of them transduce signals via the recruitment of signal 
transducers and activators of transcription (STAT) [6]. It 
is believed that the JAK/STAT pathway has an important 
role in diverse cardiac pathophysiologic processes, includ-
ing hypertrophy, apoptosis and I/R injury [7]. SOCS1 
gene transfer accelerates heart failure by inhibiting the 
JAK/STAT pathway [8]. Postconditioning reduces infarct 
size and myocyte apoptosis by activating the JAK/STAT 
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signaling pathway [9]. Notably, the majority of STAT 
activity in the heart is confined to STAT3, which is a key 
regulator of cell to cell communication in the heart [10].

Krüppel-like transcription factors (KLFs) are zinc fin-
ger-containing transcription factors that were implicated 
in physiological and pathological process, including pro-
liferation, differentiation and cell death [11, 12]. KLF11 
(TIEG2) is a member of the KLFs family, and plays a 
critical role in cerebrovascular protection during ischemic 
insults [13]. KLF11 is an important regulator in hepatic 
lipid metabolism [14]. In addition, mutations of KLF11 
induced MODY VII diabetes [15]. Moreover, it has been 
reported that KLF11 suppressed cardiac hypertrophy and 
fibrosis [16]. However, the roles of KLF11 in cellular 
apoptosis and mitochondrial damage induced by H/R are 
unknown.

In the present study, we found higher levels of KLF11 
following H/R than in the control group in H9c2 cells. The 
roles of KLF11 in H/R injury and the underlying mecha-
nisms were determined. Knockdown of KLF11 suppressed 
cell apoptosis and mitochondrial damage by activating the 
JAK2/STAT3 pathway. Our results illustrate the roles of 
KLF11 in regulating cell apoptosis, mitochondrial mem-
brane potential and the expression of Cyto C of H9c2 fol-
lowing H/R. This study provided a new strategy and targets 
for I/R in the heart.

Methods

Cell culture and establishment of H/R models

The rat embryonic cardiomyoblast cell line H9c2 was 
purchased from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). Cells were maintained in 
DMEM (Invitrogen, CA, USA) supplemented with 10% 
(v/v), H-glutamine (5  mM, Gibco, CA, USA) or L-glu-
tamine (1  mM), fetal bovine serum (FBS, Gibco, CA, 
USA), 100  U/ml penicillin (Sigma-Aldrich, Inc., Saint 
Louis, MO, USA) and 100  mg/ml streptomycin (Sigma-
Aldrich), at 37 °C (5% CO2 and 95% air). When cells 
reached about 80% confluence in culture, cells were treated 
with medium containing 0.5% FBS for 12  h before every 
experiment. To induce H/R injury, H9c2 cells were cul-
tured in serum-free and L-glucose DMEM for 24  h in a 
hypoxia chamber (37 °C, 1% O2/94% N2), which was fol-
lowed by various periods of reoxygenation (3–18  h) dur-
ing which H9c2 cells were cultured in serum-free DMEM 
in a normal chamber (37 °C, 5% CO2/95% air). Cells were 
divided into following groups: CON group (untreated 
cells); H/R group [Cells were exposed to hypoxia/reoxy-
genation (24/6 h)]; NC group (Cells were transfected with 
NC for 48 h); KLF11 siRNA group (Cells were transfected 

with KLF11 siRNA for 48 h); NC + H/R group (Cells were 
transfected with negative control of siRNA following by 
exposed to H/R); KLF11 siRNA + H/R group (Cells were 
transfected with KLF11 siRNA followed by exposed to 
H/R); AG490 + KLF11 siRNA + H/R group (Cells were 
pretreated with AG490 for 30 min, transfected with KLF11 
siRNA followed by exposed to H/R). AG490 + H/R group 
(cells were pretreated with 30 min followed by exposed to 
H/R).

Transfection

H9c2 cells were plated into six-well plates at about 50% 
confluence before transfection. The negative control (NC 
for siRNA) and KLF11 siRNA were bought from ABI 
(Abilene, Texas, USA). Cells were transfected with NC, 
KLF11 siRNA (50 nM) using lipofectamine 2000 (Invitro-
gen, Camarillo, CA, USA) for 5 h, then added to DMEM 
containing FBS for 48  h, according to the manufacturer’s 
manual. The transfection efficiency of the cells was deter-
mined by RT-PCR.

Measurement of LDH activity

The LDH-Cytotoxicity assay kit (BioVision, Palo Alto, 
CA, USA) was used to determine the LDH activity accord-
ing to the manufacturer’s instruction. LDH activity can be 
easily quantified by a spectrophotometer or plate reader at 
OD 450 nm.

Apoptosis detection

Apoptosis was determined by the Annexin V-FITC Apop-
tosis Dectection Kit (BD Biosciences, San Diego, CA) fol-
lowing the manufacturer’s protocol. Briefly, the cells were 
washed thrice with chilled PBS buffer, then trypsinized-
with trypsin, centrifuged with 21×g for 5 min, resuspended 
in 200 µL binding buffer, and stained with 5 µL Annexin 
V-FITC and 10 µL propidium iodide (PI) for 15  min at 
room temperature in the dark. A FACSCcan Flow Cytom-
eter (BD, Franklin Lakes, NJ) was used to assay the fluo-
rescent signals. To detect JAK2/STAT3 whether involved in 
the cardioprotective effect of KLF11 inhibition, H9c2 were 
cells were incubated in serum free medium for 12 h then 
exposed to H/R with or without AG490 (Sigma Chemicals, 
St Louis, MO, USA; 50 μM).

Caspase3 activity detection

The Caspase-3/CPP32 fluorometric assay kit (BioVision, 
Palo Alto, CA, USA) was used to measure the activity 
of caspase3 according to the manufacturer’s protocol. 
Cells were grown in six-well plates. After the appropriate 



512 Apoptosis (2017) 22:510–518

1 3

treatment, cells were treated with 50 µL cell lysis buffer 
on ice for 10  min, and then the lysis solution was col-
lected and centrifuged at 4800×g for 15 min. The super-
natant was transferred in to a new microtube. Then, 50 
µL of 2× reaction buffer and 5 µL of 1 mM DEVD-AFC 
sbustrate (50 µM, final) was added and the solution was 
incubated at 37 °C for 2  h. After incubation, 100 µL of 
each sample was transferred to 96-well plates. Sam-
ples were read in a fluorometer equipped with a 400 nm 
excitation filter and 505  nm emission filter. The protein 
concentration was assayed using the BCA Protein Assay 
Kit (Beyotime, China) to normalize the expression of 
c-caspase3.

Measurement of mitochondrial membrane potential

Mitochondrial membrane potential was assayed by stain-
ing with the potential-sensitive fluorescent dye JC-1 
(Sigma-Aldrich, Inc., Saint Louis, MO, USA) and deter-
mined by flow cytometry. Briefly, H9c2 cells were incu-
bated with JC-1 (5 μM) for 15 min at 37 °C, The stained 
cells were washed with PBS buffer, and analyzed by flow 
cytometry (Becton Dichinson FACScan, BD, Franklin 
Lakes, NJ). JC-1 monomers emit at 527 nm and “J-aggre-
gates” emit at 590 nm.

RNA extraction and RT‑PCR

Total RNA was isolated using the Trizol regent (Invit-
rogen, Carlsbad, CA) according to the manufacturer’s 
instructions. The concentration of RNA was assayed by 
a microplate reader, and then 5 μg of RNA was reverse-
transcribed to cDNA with specific primers. Quantitative 
real-time PCR analysis was performed on an ABI Step 
One Plus sequence detection system (Life Technologies) 
using the conditions and primer concentrations suggested 
by the SYBR Green PCR master mix (Life Technologies) 
protocol. GAPDH was used as an internal control. Each 
experiment was carried out in triplicate. Differences in 
gene expression, reported as fold changes, were calcu-
lated using the 2−ΔΔCt method.

The following primers were used:

Gene Sequence (5′-3′)

KLF11 CTCCTGCAGGGCCGTGATGAC
GGGGAACAGGCCACCAGACTTG

GAPDH TCCCTCAAGATTGTCAGCAA
AGATCCACAACGGATACATT

Subcellular fraction

To detect the Cyto C leaked from mitochondrial, a cyto-
solic and mitochondrial fraction kits (Beyotime, China) was 
used to separate the protein into cytosolic and mitochon-
drial fraction. Briefly, Cells were harvested and incubated 
with mitochondrial isolation regents at 4 °C. The lysates 
were centrifuged at 600×g for 15  min. The supernatants 
were collected and centrifuged at 10,000×g for 30 min. The 
mitochondrial fraction was contained in the pallets, while 
the cytosolic fraction was in supernatant.

Western blotting

After the proper treatment, total proteins were extracted 
and quantified. 30 µg proteins from each sample was sepa-
rated by SDS-PAGE gel electrophoresis and transferred to 
a polyvinylidene fluoride (PVDF) membrane. All mem-
branes were blocked with 5% milk or BSA and incubated 
with anti-KLF11 antibody, anti-Cyto C antibody, anti-
COX IV antibody, anti-p-JAK2 antibody, anti-t-JAK2 anti-
body, anti-p-STAT3 antibody and anti-t-STAT3 antibody 
(Abcam, Cambridge, MA, USA), anti-c-caspase3 anti-
body (CST, Danvers, MA, USA) and anti-β-actin antibody 
(Santa Cruz, CA, USA) overnight at 4 °C then with horse-
radish peroxidase-conjugated secondary antibody (ZSGB, 
China) for 1 h at room temperature. Proteins were assayed 
with an enhanced chemiluminescence kit (Thermo Scien-
tific, Waltham, MA, USA). OD measurements were then 
normalized to β-actin readings.

Statistical analysis

Statistical analysis was performed using the SPSS 11.0 
software package. Quantitative data from at least three 
experiments were compared. Differences of more than two 
groups were analyzed by one way ANOVA, followed by 
Newman-Keuls test. A value of P < 0.05 was considered 
statistically significant.

Results

The expression level of KLF11 was increased 
following H/R

After H9c2 cells were exposed to various times of reoxy-
genation (3, 6, 12 and 18  h) followed by 24  h hypoxia, 
the expression of KLF11 was assessed using RT-PCR 
and Western blot. We found that H/R injury significantly 
increased KLF11 expression both in mRNA (Fig.  1a) 
and protein (Fig. 1b) levels when compared with the con-
troal group. Following exposure to 24  h hypoxia and 3  h 
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reoxygenation, the mRNA levels of KLF11 increased 
3.21-fold compared with that of the controlgroup (Fig. 1a), 
while 6, 12 and 18 h of reoxygenation led the mRNA lev-
els of KLF11 to increase up to 3.92-, 7.19- and 5.06-fold 
respectively (Fig.  1a). In addition, cells were exposed to 
24 h hypoxia and 3 h reoxygenation, and the protein expres-
sion of KLF11 increased 1.53-fold, but there is no signifi-
cant difference compared with 6 h reoxygenation. Exposure 
to 12 and 18  h reoxygenation led to the protein levels of 
KLF11 increasing up to 2.87- and 2.16-fold, respectively 
(Fig. 1b). In particular, when H9c2 cells were subjected to 
24 h hypoxia and 12 h reoxygenation, the KLF11 expres-
sion level reached the highest level. Based on these results, 
treatment with 24 h hypoxia followed by 12 h reoxygena-
tion was selected for experiments to examine the potential 
role of KLF11 in H/R injury.

Knockdown of KLF11 inhibited cell apoptosis induced 
by H/R

LDH is a stable enzyme that is rapidly released into the 
medium upon injury of cell plasma membrane. To deter-
mine the effects of KLF11 on H/R injury in H9c2, we 
detected LDH activity, apoptosis rate, caspase3 activ-
ity and the expression of cleaved-caspase3 (c-caspase3). 
KLF11 silencing markedly reduced KLF11 expression in 
H9c2 cells (Fig.  2a). Control = 1.12 activity compared to 
H/R treatment = 4.15 activity, suggesting that H/R induced 
cell damage. Compared with the NC + H/R = 4.32 activity, 
the depletion of KLF11 (1.53 activity) obviously inhibited 
LDH activity caused by H/R treatment (Fig.  2b). In the 

H/R group, the expression levels of c-caspase3 obviously 
increased in comparison to that of the CON group; however, 
the knockdown of KLF11 reduced c-caspase3 expression 
compared with the NC + H/R group (Fig.  2c). Moreover, 
H/R caused cell apoptosis increased up to (43.40 ± 2.35%) 
compared with the CON group (10.65 ± 0.29%), as well 
as in the NC + H/R group (40.94 ± 3.62%); however, the 
depletion of KLF11 reduced cell apoptosis (15.63 ± 3.08%) 
(Fig.  2d). In addition, we observed that caspase3 activity 
was increased following H/R; however, the increased activ-
ity of caspase3 could be reduced by the depletion of KLF11 
(Fig.  2e). These data illustrate that the knockdown of 
KLF11 suppressed cell apoptosis induced by H/R in H9c2 
cells.

H/R caused mitochondrial dysfunction resulting in 
altered mitochondrial membrane potential; mitochon-
drial damage may initiate apoptosis by releasing pro-
apoptotic factors, such as Cyto C, from the mitochondrial 
intermembrane space into the cytoplasm [17]. To further 
study the roles of KLF11 in H/R, we assessed the mito-
chondrial membrane potential and Cyto C expression. Our 
results showed that H/R-induced mitochondrial membrane 
potential decreased compared with the CON group, and 
there was no difference between the H/R group and the 
NC + H/R group; however, downregulation of KLF11 pre-
vented the decrease in mitochondrial membrane potential 
(Fig. 2f). Moreover, H/R resulted in the augment of Cyto 
C in the cytoplasm (Fig. 2g) while reduction in mitochon-
drial (Fig. 2h) compared with CON group. Knockdown of 
KLF11 markedly attenuated Cyto C in cytoplasm while 
increased in mitochondrialafter exposure to H/R compared 

Fig. 1  The expression of KLF11 was increased following H/R. a The 
mRNA levels of KLF11 after 24 h hypoxia and various times of reox-
ygenation. b The protein expression of KLF11 after 24 h hypoxia and 

various times of reoxygenation. CON control, *P < 0.05, **P < 0.01 
vs. CON group
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Fig. 2  Depletion of KLF11 inhibited cell apoptosis and mitochon-
drial damage induced by H/R in H9c2. a The expression of KLF11 
in H9c2 cells transfected with either NC or KLF11 siRNA plasmid. b 
The LDH activity was measured using ELISA. c The caspase3 activ-
ity was detected using ELISA. d Apoptosis rate was detected by flow 
cytometry. e Representative blot of c-caspase3 levels was assayed 

using western blot. f Mitochondrial membrane potential was detected 
using flow cytometry after staining with JC-1. g, h Representative 
blot of Cyto C levels was assayed using western blot in plasma (g) 
and mitochondrial (h). CON control, *P < 0.05, **P < 0.01 vs. NC or 
CON group, #P < 0.05 vs. NC + H/R group
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with the NC + H/R group. The results suggested that the 
depletion of KLF11 reduced mitochondrial damage in 
H9c2 cells.

Knockdown of KLF11 activated the JAK2/STAT3 
pathway

To determine the mechanisms of KLF11 on H/R injury, 
we investigated the expression of p-JAK2 and p-STAT3 
after the inhibition of KLF11. The total level of JAK2 
and STAT3 in each group of cells remained unchanged. 
As shown in Fig.  3, compared with the CON group, the 
p-JAK2 was increased significantly. In addition, there is 
no obvious change of p-STAT3 in the H/R group com-
pared with CON group. However, the protein levels of 
p-JAK2 and p-STAT3 were greatly elevated in the KLF11 
siRNA + H/R group compared with the NC + H/R group, 
and AG490 significantly reduced the expression of p-JAK2 

and p-STAT3. These data show that KLF11 activated the 
JAK2/STAT3 signaling pathway in H9c2 cells.

The JAK2/STAT inhibitor AG490 reversed the effect 
of KLF11 on cell apoptosis and mitochondrial damage

The JAK2/STAT3 pathway has been shown to play an 
important role in multiple processes within the heart, 
including hypertrophy and ischemia–reperfusion (I/R) 
injury [18]. To investigate whether the JAK2/STAT3 
pathway is involved in the regulation of KLF11 in H/R 
injury, cells were pretreated with AG490, which is a 
selective inhibitor; therefore, we evaluated cell apopto-
sis, mitochondrial membrane potential and the expres-
sion of Cyto C in cytosolic and mitochondrial fraction. 
There is no effect of AG490 on the expression of KLF11 
(Supplementary data 1). Compared with NC + H/R group 
(39.82 ± 4.29%), knockdown of KLF11 (21.73 ± 1.06%) 

Fig. 3  Depletion of KLF11 activated JAK2/STAT3 pathway. Representative blot of p-JAK2 and p-STAT3 levels were assayed using western 
blot. CON control, &P < 0.05 vs. CON group, *P < 0.05 vs. NC + H/R group, #P < 0.05 vs. KLF11 siRNA + H/R group
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caused the reduction of apoptosis rate. However, AG490 
(36.58 ± 2.38%) abrogated the inhibitory effect of KLF11 
on apoptosis (Fig.  4a). Moreover, the apoptosis rate was 
increased in AG490 + H/R (49.37 ± 4.19%) group com-
pared with H/R group (37.81 ± 3.27%), and depletion of 
KLF11 suppressed the injury action of AG490 exposed to 
H/R (Fig.  4a), suggesting a dependence on JAK2/STAT3 
for KLF11 siRNA-mediated cardioprotection. The activ-
ity of caspase3 (Fig.  4b) was assayed, as well as c-cas-
pase3 expression (Fig. 4c); as expected, AG490 abolished 
the roles of KLF11 in apoptosis induced by H/R. In addi-
tion, we observed the activity of caspase3 was obviously 
enhanced in AG490 + H/R group compared with H/R 
group, but depletion of KLF11 resulted in the reduction of 
caspase3 acitviy (Fig. 4b). Moreover, AG490 pretreatment 
increased the mitochondrial membrane potential compared 
with the KLF11 siRNA + H/R group (Fig. 4d). There is no 
difference of mitochondrial membrane potential between 
AG490 + H/R group and H/R group, however, KLF11 
silenced caused the augment of mitochondrial membrane 

potential compared with AG490 + H/R group. The expres-
sion of Cyto C in the cytoplasm was reduced (Fig.  4e) 
while conversely elevated in mitochondrial fraction in 
the KLF11 siRNA + H/R group, but AG490 reversed the 
effects of KLF11 on Cyto C expression (Fig. 4e, f). These 
results indicated that the protective effects of KLF11 on 
cell apoptosis and mitochondrial damage were abrogated 
by AG490. The depletion of KLF11 protected H/R-induced 
cell apoptosis and mitochondrial damage in H9c2 cells via 
activating the JAK2/STAT3 signaling pathway.

Discussion

Myocardial ischemia and reperfusion injury triggers vari-
ous mechanisms aimed at attenuating the cellular damage 
induced by apoptosis, and inflammatory mediators [19]. 
KLF11 is involved in the regulation of ischemic disease; 
for instance, KLF11 confers cerebrovascular protection in 
ischemic stroke [13]. In the present study, we investigated 

Fig. 4  Downregulation of KLF11 protected against H/R induced 
apoptosis and mitochondrial damage via JAK2/STAT3 signaling 
pathway. a Cell apoptosis was evaluated using flow cytometry. b The 
activity of caspase3 was detected using ELISA. c Representative blot 
of c-caspase3 levels was assayed using western blot. d Mitochon-
drial membrane potential was detected using flow cytometry after 

staining JC-1. e, f Representative blot of Cyto C levels was assayed 
using western blot in plasma (e) and mitochondrial (f). *P < 0.05, 
**P < 0.01 vs. CON group, #P < 0.05 vs. NC + H/R group, $P < 0.05 
vs. H/R group, &P < 0.05 vs. KLF11 siRNA + H/R group, ^P < 0.05 
vs. AG490 + H/R group
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the roles of KLF11 in cell apoptosis and mitochondrial dys-
function following H/R in H9c2. The results demonstrated 
that the depletion of KLF11 efficiently prevented H/R-
induced cell apoptosis and mitochondrial dysfunction. Spe-
cially, we focused on the potential role of the JAK2/STAT3 
pathway in KLF11 siRNA-mediated cardioprotection, and 
found that the knockdown of KLF11 activated the JAK2/
STAT3 pathway. In addition, A490, a selective inhibitor 
of JAK2/STAT3, abolished the cardioprotective effect of 
KLF11 siRNA.

Several reports have demonstrated that KLF11 plays a 
role in response to injuries. For example, KLF11 protects 
from ischemia stroke by mediating PPARγ [13]. Moreo-
ver, KLF11 suppressed endothelial cell activation via the 
nuclear factor-κB signaling pathway [20]. In conclusion, 
these reports show the importance of the role of KLF11 
in different cell types, tissues, and context. In the current 
study we detected the expression of KLF11 induced by 
H/R in H9c2 cells. The results showed that the mRNA and 
protein levels of KLF11 were clearly raised following H/R. 
We next ascertained the roles of KLF11 in the regulation of 
cell apoptosis, the activity and expression of caspase3 and 
mitochondrial damage following H/R. We found that the 
depletion of KLF11 effectively suppressed cell apoptosis, 
which is consistent with a previous report that the overex-
pression KLF11 activated caspase3 and induced apoptosis 
in OLI-neu [21], oligodendroglial [22] and mesenchymal 
cells [23]. It has been reported that KLF11 is involved in 
the regulation of mitochondrial function [24]. Similarly, 
we observed that the knockdown of KLF11 improved 
mitochondrial function. Cyto C is a heme protein which 
is essential for aerobic respiration. The release of Cyto C 
from mitochondria is an important signal in mitochondrial 
dysfunction and apoptosis initiation [25]. We observed that 
the knockdown of KLF11 inhibits Cyto C expression, sug-
gesting that the depletion of KLF11 protects H9c2 cells 
from H/R via inhibiting cell apoptosis and mitochondrial 
damage.

In particular, we focused on the potential role of the 
JAK2/STAT3 pathway in KLF11 mediated cell apoptosis 
and mitochondrial damage. This is because JAK-STAT 
signaling plays a central role in cardio-protection against 
ischemia and reperfusion [26]. The inhibition of JAK2 
signaling ameliorates damage due to ischemia and rep-
erfusion [27]. In the present study, we observed that H/R 
induced the p-JAK2 increased slightly, and AG490 exac-
erbated the cell apoptosis induced by H/R. These find-
ings are consistent with other studies that also reported a 
similar results [28, 29]. Moreover, among JAK2V617F-
negative ET patients, KLF10 and KLF5 were markedly 
increased compared with JAK2V617F-positive ET patients 
[30], and KLF5 protects against murine colitis and acti-
vates JAK-STAT signaling [31], increasing the possibility 

that KLF11 is associated with JAK2/STAT3 signaling. In 
H9c2 cells, we observed that the depletion of KLF11 ele-
vated the expression of p-JAK2 and p-STAT3. To further 
investigate whether JAK2/STAT3 is involved in the regu-
lation of KLF11 in H/R injury, we inhibited JAK2/STAT3 
using AG490 and silenced KLF11 in H9c2, and found that 
AG490 partly abolishes the potential function of KLF11 in 
cell apoptosis and mitochondrial damage. Therefore, JAK2/
STAT3 signaling plays a central role in the regulation of 
cell apoptosis by KLF11.

In summary, we used a small RNA silencing KLF11 to 
demonstrate an essential role for KLF11 in cell apopto-
sis and mitochondrial damage induced by H/R. Following 
H/R, the knockdown of KLF11 inhibited cell apoptosis, 
the activity of caspase3, the expression of c-caspase3 and 
mitochondrial damage. Moreover, the KLF11 is associ-
ated with the activation of JAK2/STAT3 signaling. Indeed, 
KLF11 may represent a desirable approach to treat heart 
failure. A future challenge will be identifying the responsi-
ble chemokines and better defining the interaction between 
KLF11 and JAK2/STAT3 signaling.

Conclusions

Depletion of KLF11 inhibited apoptosis and mitochondrial 
damage inducecd by H/R in H9c2 through JAK2/STAT3 
pathway. KLF11 might be a novel approach of the treat-
ment of I/R or other cardiovascular disease.
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