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The Kriippel-like factors (KLFs) belong to a subclass of Cys2/His2 zinc-finger DNA-binding proteins. The
KLF family member KLF11 is originally identified as a transforming growth factor g (TGF-B)-inducible
gene and is one of the most studied in this family. KLF11 is expressed ubiquitously and participates in
diabetes and regulates hepatic lipid metabolism. However, the role of KLF11 in cardiovascular system

Keywords: is largely unknown. Here in this study, we reported that KLF11 expression is down-regulated in failing
Cardiac hypertrophy human hearts and hypertrophic murine hearts. To evaluate the roles of KLF11 in cardiac hypertrophy,
Ef;flsls we generated cardiac-specific KLF11 transgenic mice. KLF11 transgenic mice do not show any difference
Transgene from their littermates at baseline. However, cardiac-specific KLF11 overexpression protects mice from

TAC-induced cardiac hypertrophy, with reduced radios of heart weight (HW)/body weight (BW), lung
weight/BW and HW/tibia length, decreased left ventricular wall thickness and increased fractional
shortening. We also observe lower expression of hypertrophic fetal genes in TAC-challenged KLF11 trans-
genic mice compared with WT mice. In addition, KLF11 reduces cardiac fibrosis in mice underwent
hypertrophy. The expression of fibrosis markers are also down-regulated when KLF11 is overexpressed
in TAC-challenged mice. Taken together, our findings identify a novel anti-hypertrophic and anti-fibrotic

role of KLF11, and KLF11 activator may serve as candidate drug for heart failure patients.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Cardiac hypertrophy is a common response of cardiomyocytes
to a variety of physiologic and pathologic stimuli. In mammalian,
cardiomyocytes lose their ability to divide soon after birth. The
only way for mammalian cardiomyocytes to deal with sustained
increase in workload requirement is to undergo hypertrophy. Dur-
ing hypertrophy, cardiomyocytes not only grow in size but also add
sarcomeres and induce the expression of a group of genes, which
are predominantly expressed during fetal heart development.
Hypertrophic growth is initially a compensatory response that
helps maintain cardiac function by reducing wall stress, but it
eventually leads to the development of heart failure and sudden
death due to arrhythmias [1,2]. Presently, heart failure has been
one of the leading causes of morbidity and mortality worldwide.

Hypertrophy of cardiomyocytes is considered to result from
imbalance between pro-hypertrophic and anti-hypertrophic fac-
tors and their downstream mechanisms controlling cell growth.
In recent years, much progress has been made in our understand-
ing of hypertrophic activators [3]. However, relatively little is
known about endogenous negative regulators of cardiac growth,
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which may have potential to block the cardiac hypertrophic
responses [2]. Although some transcription factors, in addition to
nuclear factor of activated T cells (NFAT), GATAs, nuclear factor
kappa B (NF-kB), myocyte enhancer factor-2 (MEF2), and Nkx2.5,
have been identified to participate in cardiac hypertrophic
[1,4,5], it’s still unknown whether other transcription factors may
act in hypertrophy and heart failure. In addition, most of those fac-
tors promote the development of cardiac hypertrophy. The nega-
tive transcription factors in cardiac hypertrophy is still largely
unknown.

Kriippel-like factors (KLFs), Sp1-like zinc finger transcription
factors, are highly conserved in organisms ranging from flies to hu-
man and are characterized by the presence of a DNA-binding do-
main with three highly conserved zinc finger motifs as well as a
variant carboxyl-terminal end [6]. The transcription factor KLF11
(also called TIEG2), which inhibits cell growth, is a member of
the KLF family. Relatively, KLF11 is the best-studied member of
KLF family. KLF11 controls cell growth by sensing TGF-p [7]. In
addition, KLF11 considerably participates in type II diabetes and
regulates hepatic lipid metabolism [8,9]. However, the role of
KLF11 in cardiovascular system is unknown.

Here in the present study, we identify KLF11 as a negative tran-
scription factor in the development of cardiac hypertrophy. We
found that KLF11 expression is down-regulated in failure human
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hearts and hypertrophic murine hearts. By using KLF11 transgenic
mice, we demonstrated that KLF11 overexpression inhibited TAC-
induced cardiac hypertrophy and fibrosis.

2. Materials and methods
2.1. Animals

Transgenic mice with cardiac-restricted expression of KLF11
were generated using a cDNA amplified from a plasmid encoding
human KLF11 (ORIGEN, plasmid 8462), which was sub-cloned into
the o-MHC promoter vector. Transgenic mice expressing KLF11
were generated in the FVB mouse strain according to the standard
procedure of the Shanghai Jiaotong University Transgenic facility.
At 2-3 weeks of age, tail DNA was analyzed to confirm mice
positive for the transgene by genotyping with primers: Forward,
5-TCTGACTCTGGGGATGTCAC-3’;  Reverse, 5-CGGCAATCTG-
GAGTCTGGA-3'. After two injections, 3 (founders) out of 6 pups
were tested to be positive. The transgenic mice were backcrossed
to C57BL6 mice to obtain cardiac-specific KLF11 transgenic mice
in the C57BL/6 background. All experiments studying cardiac
hypertrophy were performed using male C57BL/6 mice. Non-trans-
genic littermates were used as controls.

2.2. Induction of hypertrophy in mice

ISO and Ang Il were infused chronically by implanting osmotic
minipumps (ALZET, model 2002) into the peritoneal cavity of
mice as described in previous publication [10]. Pressure overload
hypertrophy was induced by TAC of the ascending aorta of mice,
as described elsewhere [11]. The measurement of cardiac hyper-
trophy, myocyte cross-sectional area, fibrosis and the expression
of hypertrophic marker genes were carried out essentially as de-
scribed [12].

2.3. Echocardiography of mice

Transthoracic echocardiography in mice was performed as de-
scribed previously [10].

2.4. Human heart samples

Human heart samples were obtained from the Shanghai Chest
Hospital Cardiac Transplant Program. Informed consent was ob-
tained from all patients participating in this study. All procedures
involving human tissue use were approved by the Shanghai Jiao-
tong University. Control samples were obtained intraoperatively
from non-failing hearts undergoing ventricular corrective surgery
or from donor dysfunctional hearts. Failing heart specimens were
obtained from diseased hearts that were removed during orthotro-
pic heart transplantation.

2.5. Quantitative real-time PCR (q-PCR)

q-PCR was used to detect the mRNA expression levels of hyper-
trophic and fibrotic markers. Total RNA was extracted from frozen,
pulverized mouse cardiac tissue using TRIZol (Invitrogen) and
cDNA was synthesized using 1 pg RNA with the Advantage RT-
for-PCR kit (BD Biosciences). We quantified PCR amplifications
using SYBR Green PCR Master Mix (TAKARA) and normalized re-
sults against GAPDH gene expression. The primers used are listed
in Supplementary Table 1.

2.6. Western blotting

Cardiac tissues were lysed in RIPA lysis buffer with mixture of
protease inhibitors. 40 pg cell proteins were applied to 12% SDS-
polyacrylamide gel. After electrophoresis, the proteins were trans-
ferred to PVDF membranes, which were then blocked in 5% fat-free
milk for 1 h. The membranes were probed with primary antibody
for KLF11 (Abcam, ab61207), or GAPDH (Abcam, ab37168) at 4 °C
overnight, and then the membranes were washed and incubated
with HRP-conjugated secondary antibody (in 5% fat-free milk) for
1.5-2 h and finally visualized using Chemiluminescent ECL reagent
(Beyotime).

2.7. Histological analysis

Hearts were excised, washed with saline solution, and placed in
10% formalin. Hearts were cut transversely close to the apex to
visualize the left and right ventricles. Several sections of heart
(4-5 pm thick) were prepared and stained with H&E for histopa-
thology or picrosirius red for collagen deposition and then visual-
ized by light microscopy. Fibrotic area was measured using a
quantitative digital image analysis system (Image-Pro Plus 6.0).
For myocytes cross-sectional area, sections were stained for mem-
branes with WGA (Invitrogen). A single myocyte was measured
with an image quantitative digital analysis system (NIH Image ],
version 1.47).

2.8. Statistical analysis

All values are expressed as the mean + SEM. Statistical differ-
ences among groups were determined using either Student’s t test
(for two groups) or one-way ANOVA (for more than two groups)
using Graph-Pad Prism Software.

3. Results

3.1. KLF11 expression reduces in human failing heart and murine
hypertrophic heart

To assess the potential participation of KLF11 in human heart
failure, we tested the protein and mRNA levels of KLF11 in non-
failing and failing heart samples. Our results showed that KLF11
protein and mRNA levels decreased in human failing heart signifi-
cantly (Fig. 1A and B). Those results implicated that KLF11 might
participate in human heart failure. Because we have only two
non-failing and two failing heart samples, we next wanted to con-
firm the conclusion in mice with a larger animal number. Cardiac
hypertrophy is a pathological base of heart failure, we tried to
use this model to study the role of KLF11 in heart disease. To ex-
plore the changes in KLF11 expression in murine hypertrophic
hearts, we induced cardiac hypertrophy in mice by TAC surgery
or infusing mice with angiotensin Il (Ang II) or ISO for 4 weeks.
Then, total protein and RNA were extracted to analyze KLF11
expression level. As shown in Fig. 1C and D, the protein and mRNA
levels of KLF11 were markedly down-regulated in hypertrophic
mice in the three models of cardiac hypertrophy. Taken together,
those findings demonstrated that KLF11 is down-regulated in fail-
ing or hypertrophic heart, and KLF11 may play certain roles in car-
diac hypertrophy and subsequent heart failure.

3.2. Generation of KLF11 transgenic mice

As we have found the expression change and potential
participation of KLF11 in cardiac hypertrophy, we next wanted to
know whether KLF11 is critical for the development of cardiac
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Fig. 1. KLF11 expression decreases in human failing hearts and mice hearts with hypertrophy. (A and B) KLF11 protein and mRNA levels decrease in human failing hearts.
Non-failing (NF) or failing (HF) hearts from patients were obtained and protein and RNA were extracted and subjected to Western blot and g-PCR analysis respectively.
GAPDH was used a loading control in the Western blot analysis. Two non-failing and two failing human heart samples are included in this study. *p < 0.05 vs. NF. (C and D)
KLF11 protein and mRNA levels decrease in mice hearts with hypertrophy. 8-12 weeks old male wide type C57LB6 mice were subjected to TAC surgery or chronic infusion
with angiotensin II (Ang II) or ISO for 4 weeks. Mice hearts were extracted for protein and RNA, followed by Western blot or q-PCR analysis respectively. n = 5 in each group in

Fig. 1D. *p < 0.01 and ***p < 0.0001 vs. Sham or PBS treatment.

hypertrophy in mice. To this purpose, we generated cardiac-spe-
cific KLF11 transgenic mice (Fig. 2A). Three lines of transgenic mice
were obtained and no significant difference appeared among the
three lines of mice. Therefore, we chose line 2 randomly for further
study. The expression pattern of KLF11 in different tissues was
shown in Fig. 2C, which indicated that the enthetic expression of
human KLF11 was restricted to the hearts. Although KLF11 were
previously reported to participate in type Il diabetes and hepatic li-
pid metabolism [8,9], we did not observe any difference in blood
glucose, liver weight, and body weight between the transgenic
mice and their non-transgenic littermates during our experiments
(data not shown). At baseline, KLF11 transgenic mice had no
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noticeable cardiac abnormalities (Fig. 2D-F). In addition, no differ-
ence in hypertrophic fetal gene levels between WT and KLF11-
transgenic mice was observed (Fig. 2G).

3.3. KLF11 overexpression represses TAC-induced cardiac hypertrophy

Although we did not observe any difference between KLF11-
transgenic mice and non-transgenic littermates at baseline, we
were still interested whether those mice response differently to
hypertrophic stimuli. To evaluate the potential effect of KLF11 on
hypertrophy in vivo, we induced cardiac hypertrophy in KLF11-Tg
and mice and their non-transgenic wide type littermates by
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Fig. 2. Transgenic (Tg) mice generation. (A) A schematic of Tg construct used to generate human KLF11-Tg mouse lines. (B) KLF11 expression analysis in three non-transgenic
(N-Tg) and three KLF11-Tg mouse lines. (C) Expression pattern of hKLF11 in heart, liver, skeletal muscle, kidney from KLF11-Tg mice. (D-F) KLF11-Tg mice do not show any
difference in heart function compared to their non-transgenic littermates. HW, heart weigh; BW, body weight; LVID, left ventricular internal diameter; FS, fractional
shortening; ANP, atrial natriuretic peptide; n.s., no significance. n = 10 in each group of Fig. 2D-F; n=5 in each group of Fig. 2G.
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surgically creating TAC. Non-transgenic mice subjected to TAC for
4 weeks developed massive cardiac hypertrophy, as indicated by
an increased radios of heart weight (HW)/body weight(BW), lung
weight (LW)/BW and HW/tibia length (TL, Fig. 3A-C), increased left
ventricular wall thickness (Fig. 3D) and decreased fractional short-
ening (Supplementary Table 2). Those changes were accompanied
by an increase in cardiomyocyte cross-sectional area (Fig. 2E-G).
Interestingly, the hearts of KLF11-transgenic mice did not undergo
similar pathological growth after being subjected to TAC (Fig. 3A-
G). KLF11-transgenic were less sensitive to TAC treatment and had
better cardiac function when hypertrophy occurred. During the
development of cardiac hypertrophy, many fetal genes express
again. Therefore, we further extracted the RNA from the hearts
and tested the expression of hypertrophic fetal genes. In consistent
with the pathological results, hypertrophic fetal genes were mark-
edly down-regulated in KLF11-Tg mice compared to non-trans-
genic wide type mice after TAC treatment (Fig. 3H-]). Those data
indicates that KLF11 overexpression is capable of abrogating the
development of pathologic cardiac hypertrophy.

3.4. KLF11 overexpression reduces TAC-induced cardiac fibrosis

As hypertrophic heart is always accompanied with fibrosis, we
then evaluated the cardiac fibrosis in hypertrophic hearts.
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Pronouncedly, KLF11 overexpression repressed TAC-induced peri-
vascular and interstitial fibrosis, two markers indicating cardiac
fibrosis (Fig. 4A). Quantitative analysis indicated that the fibrosis
volume decreased to 39.8% in the left ventricle of KLF11 transgenic
mice compared to wide type mice. In consistence with those
findings, the expression of fibrosis markers were also markedly
down-regulated in KLF11 transgenic mice underwent TAC com-
pared with their non-transgenic littermates (Fig. 4C-G). Taken to-
gether, KLF11 inhibits TAC-induced cardiac fibrosis.

4. Discussion

Our work uncovered a physiological role of KLF11 in maintain-
ing cardiac homeostasis, demonstrated the feasibility of targeting
KLF11 to restore cardiac homeostasis in animals with cardiac
hypertrophy. We showed that KLF11 was down-regulated in hu-
man failing hearts and murine hypertrophic hearts. Then we gen-
erated a cardiac-specific KLF11 transgenic mice line to study the
role of KLF11 in cardiac hypertrophy induced by TAC. We found
that KLF11 overexpression blunted the development of cardiac
hypertrophy and fibrosis, and down-regulated the expression of
hypertrophic fetal genes and genes involved in cardiac fibrosis.

Although there has been an explosion of studies on KLFs in a
broad variety of tissues and disease states, the reports describing
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Fig. 3. KLF11 overexpression blocks TAC-induced cardiac hypertrophy. Wide type (WT) non-transgenic and KLF11-Tg mice of 8-12 weeks old were subjected to Sham or TAC
surgery for 4 weeks and the heart samples were analyzed. (A-C) HW/BW, HW/tibia length (TL) and lung weight (LW)/BW ratios of WT and KLF11-Tg mice underwent control
surgery (Sham) or TAC for 4 weeks. (D) Left ventricular wall thickness of WT and KLF11-Tg mice underwent Sham or TAC surgery. (E) Heart cross-sections were stained with
H&E, indicating hypertrophic growth. (F) H&E staining indicating hypertrophic growth of cardiac myocytes, and WGA staining was performed to determine cell boundaries.
(G) Quantification of cardiomyocyte cross-sectional areas in WGA staining in (F). (H-]J) mRNA levels of the indicated hypertrophic fetal genes in WT and KLF11-Tg mice
underwent Sham or TAC surgery. BNP, B-type natriuretic peptide. n = 13 in each group. **p < 0.01 and ***p < 0.0001 vs. WT-Sham; #p < 0.05, **p < 0.001 and *##p < 0.0001 vs.

WT-TAC.
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Fig. 4. KLF11 overexpression blocks TAC-induced cardiac fibrosis. (A) Heart sections of non-transgenic and KLF11 transgenic mice subjected to Sham or TAC treatment and
picrosirius red staining to detect perivascular and interstitial fibrosis. (B) Quantification of myocyte cross-sectional area in non-transgenic and KLF11 transgenic mice
subjected to Sham or to TAC treatment. (C-F) mRNA levels of the indicated fibrotic markers in heart samples from WT and KLF11-Tg mice underwent Sham or TAC surgery.
CTGF, connective tissue growth factor; TGF-p, transforming growth factor. n = 13 per group. ***p < 0.0001 vs. WT-Sham; #p < 0.05, *p < 0.001 and *#*#p < 0.0001 vs. WT-TAC.

the roles of KLFs in the heart are few. Overexpression of KLF4 in
neonatal rat ventricular myocytes inhibits three cardinal features
of cardiomyocyte hypertrophy: fetal gene expression, protein syn-
thesis, and cell enlargement. Conversely, mice with cardiomyo-
cyte-specific deletion of KLF4 are highly sensitized to TAC
surgery and exhibit high rates of mortality [13]. In addition, KLF4
partly contributes to histone deacetylase inhibitors induced atten-
uation of cardiac hypertrophy [14,15]. In the heart, KLF5 is ex-
pressed primarily in cardiac fibroblasts and serves as a critical
effector of angiotensin II signaling in these cells [16]. KLF5 expres-
sion can be induced by angiotensin II. Mice with KLF5 haplo-insuf-
ficiency show a blunted hypertrophic response to angiotensin II
infusion with reduced cardiac mass, wall thickness, and cardiac
fibrosis [16]. Furthermore, angiotensin II-mediated induction of
TGF-B and collagen type IV are also blunted in KLF5 haplo-insuffi-
cient hearts [16]. Another KLF family member functioning in the
heart is KLF15. Myocardial expression of KLF15 is reduced in ro-
dent models of hypertrophy and in biopsy samples from patients
with pressure-overload induced by chronic valvular aortic stenosis.
KLF15-null mice are viable but, in response to pressure over-
load, develop an eccentric form of cardiac hypertrophy [17].
TGF-B-mediated activation of p38 MAPK is necessary and sufficient
to decrease KLF15 expression. KLF15 robustly inhibits myocardin, a
potent transcriptional activator. Loss of KLF15 during pathological
LVH relieves the inhibitory effects on myocardin and stimulates
the expression of serum response factor target genes, such as atrial
natriuretic factor [18]. Elevation of cardiac KLF15 levels prevents

the development of cardiac hypertrophy in a model of angiotensin
II-induced hypertrophy [19]. In addition, KLF15 inhibits connective
tissue growth factor (CTGF) expression in cardiac fibroblasts [20].
KLF13 is conserved across species and knockdown of KLF13 in
Xenopus embryos leads to atrial septal defects and hypotrabecula-
tion similar to those observed in humans or mice with hypomor-
phic GATA-4 alleles. Physical and functional interaction with
GATA-4, a dosage-sensitive cardiac regulator, provides a mechanis-
tic explanation for KLF13 action in the heart [21]. Clerk and col-
leagues [22] reported expression profiles of KLFs in response to
endothelin (ET-1) stimulation in neonatal rat cardiomyocytes.
When stimulated with ET-1, the expressions of KLFs 2, 4, 5, 6, 9,
and 10 are induced rapidly and transiently, whereas the expres-
sions of KLFs 3, 11, and 15 are down-regulated. Since ET-1 is a
hypertrophic inducer, this observation is consistence with our
finding that KLF11 is reduced in hypertrophic hearts.

KLF11 plays essential role in cardiovascular system. In this
study, we found that KLF11 is down-regulated in hypertrophic
hearts and overexpression of KLF11 blocked the TAC-induced
development of cardiac hypertrophy in mice. KLF11 is expressed
highly in vascular endothelial cells. KLF11 is a novel PPAR-y co-
regulator, which interacts with PPAR-y and regulates its function
in mouse cerebral vascular endothelial cells. KLF11 deficiency
effectively abolishes cytoprotection of pioglitazone, an agonist of
PPAR-v, in mouse cerebral vascular endothelial cell cultures after
oxygen-glucose deprivation, as well as pioglitazone-mediated
cerebrovascular protection in a mouse middle cerebral artery
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occlusion model [23]. Fenofibrate, a ligand of the PPAR-a, de-
creases ET-1 expression via transcriptional induction of the
KLF11 repressor [24]. KLF11 is induced by pro-inflammatory stim-
uli in vascular endothelial cells. KLF11 overexpression inhibits
expression of tumor necrosis factors-o-induced adhesion mole-
cules. In contrast, KLF11 knockdown augments the pro-inflamma-
tory status in ECs. KLF11 inhibits promoter activity of adhesion
molecules induced by tumor necrosis factor-o. and NF-kB p65
overexpression. Furthermore, KLF11~/~ mice exhibit a significant
increase in leukocyte recruitment to endothelial cells after lipo-
polysaccharide administration [25]. Since both NF-kB and ET-1
are positive regulators in the development of cardiac hypertrophy,
the repression effect of KLF11 on those two factors may underline
the mechanism by which KLF11 protects heart from hypertrophy.
Taken together, KLF11 acts as an important orchestrator in cardiac
and vascular function and homeostasis.

KLF11 is an important anti-fibrotic transcription factor. Previ-
ous reports have shown the function of KLF11 in preventing fibro-
sis in endometrium and liver [26,27]. Daftary et al. [26] identified a
novel pathogenic role for KLF11 in preventing de novo disease-
associated fibrosis in endometriosis. KLF11 binds to specific ele-
ments located in the promoter regions of key fibrosis-related genes
from the Collagen, matrix metalloproteinase and TGF-8 families in
endometrial stromal cells. KLF11 binding resulted in transcrip-
tional repression of those genes. In cultured mesenchymal cells,
enhanced expression of KLF11 results in activated extracellular
matrix pathways, including collagen gene silencing and matrix
metalloproteinase activation without changes in tissue inhibitors
of metalloproteinase. In addition, expression studies reveal de-
creased levels of KLF11 during liver fibrogenesis after chemically
induced injury in vivo. Congruently, KLF11~/~ mice, which should
be deficient in the hypothesized anti-fibrogenic brake imposed
by this transcription factor, display an enhanced response to liver
injury with increased collagen fibril deposition [27]. In the present
study, we found that KLF11 overexpression blunts perivascular and
interstitial fibrosis, two markers indicating cardiac fibrosis. In addi-
tion, we showed that KLF11 inhibits the expression of a dozen of
fibrotic genes. Taken together, KLF11 is an anti-fibrotic factor by
repressing the transcription of fibrotic genes.

In summary, our study reveals an important role for the tran-
scription factor, KLF11, in cardiac hypertrophy and fibrosis. Given
the importance of negative transcription factors in cellular growth
and fibrosis in cardiac hypertrophy and subsequent heart failure,
these findings hold profound implications for understanding the
heart response to hypertrophic stress as well as for the develop-
ment of heart failure therapy.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bbrc.2013.12.024.

References

[1] S.P. Barry, S.M. Davidson, P.A. Townsend, Molecular regulation of cardiac
hypertrophy, Int. J. Biochem. Cell Biol. 40 (2008) 2023-2039.

[2] J. Heineke, ].D. Molkentin, Regulation of cardiac hypertrophy by intracellular
signalling pathways, Nat. Rev. Mol. Cell Biol. 7 (2006) 589-600.

[3] N. Frey, H.A. Katus, E.N. Olson, J.A. Hill, Hypertrophy of the heart: a new
therapeutic target?, Circulation 109 (2004) 1580-1589.

[4] S. Oka, R. Alcendor, P. Zhai, ].Y. Park, D. Shao, J. Cho, T. Yamamoto, B. Tian, J.
Sadoshima, PPARalpha-Sirtl complex mediates cardiac hypertrophy and
failure through suppression of the ERR transcriptional pathway, Cell Metab.
14 (2011) 598-611.

[5] J. Krishnan, M. Suter, R. Windak, T. Krebs, A. Felley, C. Montessuit, M. Tokarska-
Schlattner, E. Aasum, A. Bogdanova, E. Perriard, ].C. Perriard, T. Larsen, T.
Pedrazzini, W. Krek, Activation of a HIF1alpha-PPARgamma axis underlies the

integration of glycolytic and lipid anabolic pathways in pathologic cardiac
hypertrophy, Cell Metab. 9 (2009) 512-524.

[6] B.B. McConnell, V.W. Yang, Mammalian Kriippel-like factors in health and
diseases, Physiol. Rev. 90 (2010) 1337-1381.

[7] V. Ellenrieder, A. Buck, A. Harth, K. Jungert, M. Buchholz, G. Adler, R. Urrutia,
T.M. Gress, KLF11 mediates a critical mechanism in TGF-B signaling that is
inactivated by Erk-MAPK in pancreatic cancer cells, Gastroenterology 127
(2004) 607-620.

[8] B. Neve, MLE. Fernandez-Zapico, V. Ashkenazi-Katalan, C. Dina, Y.H. Hamid, E.
Joly, E. Vaillant, Y. Benmezroua, E. Durand, N. Bakaher, Role of transcription
factor KLF11 and its diabetes-associated gene variants in pancreatic beta cell
function, Proc. Natl. Acad. Sci. USA 102 (2005) 4807-4812.

[9] H. Zhang, Q. Chen, M. Yang, B. Zhu, Y. Cui, Y. Xue, N. Gong, A. Cui, M. Wang, L.
Shen, Mouse KLF11 regulates hepatic lipid metabolism, J. Hepatol. 58 (2013)
763-770.

[10] N.R. Sundaresan, M. Gupta, G. Kim, S.B. Rajamohan, A. Isbatan, M.P. Gupta,
Sirt3 blocks the cardiac hypertrophic response by augmenting Foxo3a-
dependent antioxidant defense mechanisms in mice, J. Clin. Invest. 119
(2009) 2758-2771.

[11] J.B. Pillai, M. Chen, S.B. Rajamohan, S. Samant, V.B. Pillai, M. Gupta, M.P. Gupta,
Activation of SIRT1, a class IIl histone deacetylase, contributes to fructose
feeding-mediated induction of the alpha-myosin heavy chain expression, Am.
J. Physiol. Heart Circ. Physiol. 294 (2008) H1388-H1397.

[12] N.R. Sundaresan, P. Vasudevan, L. Zhong, G. Kim, S. Samant, V. Parekh, V.B.
Pillai, P.V. Ravindra, M. Gupta, V. Jeevanandam, ].M. Cunningham, C.X. Deng,
D.B. Lombard, R. Mostoslavsky, M.P. Gupta, The sirtuin SIRT6 blocks IGF-Akt
signaling and development of cardiac hypertrophy by targeting c-Jun, Nat.
Med. 18 (2012) 1643-1650.

[13] X. Liao, S.M. Haldar, Y. Lu, D. Jeyaraj, K. Paruchuri, M. Nahori, Y. Cui, K.H.
Kaestner, M.K. Jain, Kriippel-like factor 4 regulates pressure-induced cardiac
hypertrophy, J. Mol. Cell. Cardiol. 49 (2010) 334-338.

[14] DJ. Cao, Z.V. Wang, P.K. Battiprolu, N. Jiang, C.R. Morales, Y. Kong, B.A.
Rothermel, T.G. Gillette, J.A. Hill, Histone deacetylase (HDAC) inhibitors
attenuate cardiac hypertrophy by suppressing autophagy, Proc. Natl. Acad.
Sci. USA 108 (2011) 4123-4128.

[15] H.J. Kee, H. Kook, Kriippel-like factor 4 mediates histone deacetylase inhibitor-
induced prevention of cardiac hypertrophy, J. Mol. Cell. Cardiol. 47 (2009)
770-780.

[16] T. Shindo, I. Manabe, Y. Fukushima, K. Tobe, K. Aizawa, S. Miyamoto, K. Kawai-
Kowase, N. Moriyama, Y. Imai, H. Kawakami, Kriippel-like zinc-finger
transcription factor KLF5/BTEB2 is a target for angiotensin II signaling and
an essential regulator of cardiovascular remodeling, Nat. Med. 8 (2002) 856-
863.

[17] S. Fisch, S. Gray, S. Heymans, S.M. Haldar, B. Wang, O. Pfister, L. Cui, A. Kumar,
Z. Lin, S. Sen-Banerjee, Kriippel-like factor 15 is a regulator of cardiomyocyte
hypertrophy, Proc. Nat. Acad. Sci. 104 (2007) 7074-7079.

[18] JJ. Leenders, W.J. Wijnen, M. Hiller, I. van der Made, V. Lentink, RE.W. van
Leeuwen, V. Herias, S. Pokharel, S. Heymans, LJ. de Windt, M.A. Hoydal, Y.M.
Pinto, E.E. Creemers, Regulation of cardiac gene expression by KLF15, a
repressor of myocardin activity, J. Biol. Chem. 285 (2010) 27449-27456.

[19] JJ. Leenders, W.J. Wijnen, I. van der Made, M. Hiller, M. Swinnen, T.
Vandendriessche, M. Chuah, Y.M. Pinto, E.E. Creemers, Repression of cardiac
hypertrophy by KLF15: underlying mechanisms and therapeutic implications,
PLoS ONE 7 (2012) e36754.

[20] B. Wang, S.M. Haldar, Y. Lu, O.A. Ibrahim, S. Fisch, S. Gray, A. Leask, M.K. Jain,
The Kriippel-like factor KLF15 inhibits connective tissue growth factor (CTGF)
expression in cardiac fibroblasts, J. Mol. Cell. Cardiol. 45 (2008) 193-197.

[21] G. Lavallée, G. Andelfinger, M. Nadeau, C. Lefebvre, G. Nemer, M.E. Horb, M.
Nemer, The Kriippel-like transcription factor KLF13 is a novel regulator of
heart development, EMBO J. 25 (2006) 5201-5213.

[22] A. Clerk, T.J. Kemp, G. Zoumpoulidou, P.H. Sugden, Cardiac myocyte gene
expression profiling during H202-induced apoptosis, Physiol. Genomics 29
(2007) 118-127.

[23] K.-J.Yin, Y. Fan, M. Hamblin, J. Zhang, T. Zhu, S. Li, ].R. Hawse, M. Subramaniam,
C-Z. Song, R. Urrutia, J.D. Lin, Y.E. Chen, KLF11 mediates PPARYy
cerebrovascular protection in ischaemic stroke, Brain 136 (2013) 1274-1287.

[24] C. Glineur, B. Gross, B. Neve, C. Rommens, G.T. Chew, F. Martin-Nizard, F.
Rodriguez-Pascual, S. Lamas, G.F. Watts, B. Staels, Fenofibrate inhibits
endothelin-1 expression by peroxisome proliferator-activated receptor o-
dependent and independent mechanisms in human endothelial cells,
Arterioscler. Thromb. Vasc. Biol. 33 (2013) 621-628.

[25] Y. Fan, Y. Guo, ]. Zhang, M. Subramaniam, C.-Z. Song, R. Urrutia, Y.E. Chen,
Kriippel-like factor-11, a transcription factor involved in diabetes mellitus,
suppresses endothelial cell activation via the nuclear factor-xB signaling
pathway, Arterioscler. Thromb. Vasc. Biol. 32 (2012) 2981-2988.

[26] G.S. Daftary, Y. Zheng, Z.M. Tabbaa, ]J.K. Schoolmeester, R.P. Gada, A.L. Grzenda,
A.J. Mathison, G.L. Keeney, G.A. Lomberk, R. Urrutia, A novel role of the Sp/KLF
transcription factor KLF11 in arresting progression of endometriosis, PLoS ONE
8 (2013) e60165.

[27] A. Mathison, A. Grzenda, G. Lomberk, G. Velez, N. Buttar, P. Tietz, H.
Hendrickson, A. Liebl, Y.Y. Xiong, G. Gores, M. Fernandez-Zapico, N.F.
LaRusso, W. Faubion, V.H. Shah, R. Urrutia, Role for Kriippel-like
transcription factor 11 in mesenchymal cell function and fibrosis, PLoS ONE
8 (2013) e75311.


http://dx.doi.org/10.1016/j.bbrc.2013.12.024
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0005
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0005
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0010
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0010
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0015
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0015
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0020
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0020
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0020
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0020
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0025
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0025
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0025
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0025
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0025
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0030
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0030
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0035
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0035
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0035
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0035
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0040
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0040
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0040
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0040
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0140
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0140
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0140
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0050
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0050
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0050
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0050
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0055
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0055
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0055
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0055
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0060
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0060
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0060
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0060
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0060
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0065
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0065
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0065
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0070
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0070
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0070
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0070
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0075
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0075
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0075
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0080
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0080
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0080
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0080
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0080
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0085
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0085
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0085
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0090
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0090
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0090
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0090
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0095
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0095
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0095
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0095
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0100
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0100
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0100
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0105
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0105
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0105
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0110
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0110
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0110
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0115
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0115
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0115
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0120
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0120
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0120
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0120
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0120
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0125
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0125
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0125
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0125
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0130
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0130
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0130
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0130
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0135
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0135
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0135
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0135
http://refhub.elsevier.com/S0006-291X(13)02081-0/h0135

	Krüppel-like transcription factor 11 (KLF11) overexpression inhibits  cardiac hypertrophy and fibrosis in mice
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Induction of hypertrophy in mice
	2.3 Echocardiography of mice
	2.4 Human heart samples
	2.5 Quantitative real-time PCR (q-PCR)
	2.6 Western blotting
	2.7 Histological analysis
	2.8 Statistical analysis

	3 Results
	3.1 KLF11 expression reduces in human failing heart and murine hypertrophic heart
	3.2 Generation of KLF11 transgenic mice
	3.3 KLF11 overexpression represses TAC-induced cardiac hypertrophy
	3.4 KLF11 overexpression reduces TAC-induced cardiac fibrosis

	4 Discussion
	Appendix A Supplementary data
	References


