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ABSTRACT
The insulin-like growth factor-II/mannose 6-phosphate receptor (IGF2R) over-expression correlates with heart disease progression. The IGF2R
is not only an IGF2 clearance receptor, but it also triggers signal transduction, resulting in cardiac hypertrophy, apoptosis and fibrosis. The
present study investigated the nuclear factor IL-3 (NFIL3), a transcription factor of the basic leucine zipper superfamily, and its potential pro-
survival effects in cardiomyocytes. NFIL3might play a key role in heart development and act as a survival factor in the heart, but the regulatory
mechanisms are still unclear. IGF2 and IGF2R protein expression were highly increased in rat hearts subjected to hemorrhagic shock. IGF2R
protein expression was also up-regulated in H9c2 cells exposed to hypoxia. Over-expression of NFIL3 in H9c2 cardiomyoblast cells inhibited
the induction of hypoxia-induced apoptosis and down-regulated IGF2R expression levels. Gel shift assay, double-stranded DNA pull-down
assay and chromatin immune-precipitation analyses indicated that NFIL3 binds directly to the IGF2R promoter region. Using a luciferase
assay, we further observed NFIL3 repress IGF2R gene promoter activity. Our results demonstrate that NFIL3 is an important negative
transcription factor, which through binding to the promoter of IGF2R, suppresses the apoptosis induced by IGF2R signaling in H9c2
cardiomyoblast cells under hypoxic conditions. J. Cell. Biochem. 116: 1113–1120, 2015. © 2014 Wiley Periodicals, Inc.
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Thecation-independent mannose 6-phosphate receptor/insulin-
like growth factor II receptor (CI-MPR/IGF2R) is a multifunc-

tional protein that is able to interact with intracellular and
extracellular ligands, some of which are important growth regulatory
factors [Ghosh et al., 2003]. The IGF2R mediates insulin-like growth
factor II (IGF2) through internalization and lysosomal degradation
and is considered an IGF2 clearance receptor [Boker et al., 1997].
However, much evidence has shown that in spite of the degradation of
IGF2 in the lysosome, IGF2R may direct intracellular signal trans-
duction in the regulation of cell behavior [Okamoto and Nishimoto,
1991; McKinnon et al., 2001; Hawkes et al., 2006; Harris and
Westwood, 2012]. In a transgenic mice model, the lack of imprinted
IGF2R results in ventricular hyperplasia, which is characterized by
increased proliferation of fetal myocardial cells [Lau et al., 1994]. It
has been shown that disruption of IGF2R protein levels promotes cell
proliferation and diminished hypoxia- and tumor necrosis factor
(TNF)-induced apoptosis in neonatal rat cardiacmyocytes [Chen et al.,
2004]. Ligation of the abdominal aorta in rats induced expression of
IGF2R and cardiac myocyte apoptosis in the heart. Moreover, IGF2
and the IGF2R play a critical role in angiotensin II (Ang II)-induced
apoptosis in cardiomyoblast cells by increasing the IGF2Rexpression
at both the transcription and translation levels [Lee et al., 2006]. IGF2
or Leu27IGF2 (an IGF2 analog) activated the IGF2R, which interacted
with Gaq and induced hypertrophy and apoptosis in H9c2 and
neonatal rat ventricular myocyte cells [Chu et al., 2008; Chen et al.,
2009; Chu et al., 2009]. These findings indicate that IGF2, acting
through the IGF2R, can promote cardiomyocyte death. Histone
acetylation also plays an essential role in the up-regulation of IGF2R
during heart disease exacerbation [Chu et al., 2012]. It is possible that
the IGF2R gene expression program requires strict transcriptional
regulation; however, the mechanisms regulating its transcription
remain poorly understood.

The nuclear factor interleukin 3 regulated (NFIL3) protein, also
known as the E4 binding protein 4 (E4BP4), is a member of the
mammalian basic leucine zipper (bZIP) family and acts as a
transcriptional repressor or activator [Cowell et al., 1992; Cowell,
2002]. It was demonstrated that NFIL3 binds to the promoter of the
IL-3 gene and that IL-3 treatment induced NFIL3 expression and
prevented apoptosis of pro-B lymphocytes [Zhang et al., 1995;
Ikushima et al., 1997]. The consensus NFIL3-binding site sequence
(EBPRE) is homologous to the cAMP-responsive DNA element (CRE)
and the consensus CCAAT enhancer binding protein beta (C/EBPb)
[Haas et al., 1995]. NFIL3 has also been reported to control T cell
cytokine expression and neuronal regeneration-associated gene
expression by forming a transcriptional feed forward loop with the
CREB [MacGillavry et al., 2009; Kashiwada et al., 2011]. NFIL3 is
expressed in the heart, lung and skeletal muscle and is highly
expressed in the liver of the rat [Nishimura and Tanaka, 2001]. NFIL3
has been identified as an anti-apoptosis effector in pro-B
lymphocytes [Ikushima et al., 1997; Kuribara et al., 1999] and as a
promoter of neuronal survival and axonal growth [Junghans et al.,
2004]. In our lab, previous studies have shown that NFIL3 is essential
for heart development and acts as a cardiac survival factor [Weng
et al., 2010]; however, the role of NFIL3 in the genetic regulatory
mechanisms of the mammalian heart remains unclear. Thus, the aim
of the present study was to investigate whether NFIL3 protected

against hypoxia-induced IGF2R signaling and apoptosis in H9c2
cardiomyoblast cells and its probable mechanisms.

MATERIALS AND METHODS

CELL CULTURE AND TRANSFECTION
H9c2 cardiomyoblast cells were obtained from American Type
Culture Collection (ATCC) and cultured in Dulbecco’s modified
essential medium supplemented with 10% cosmic calf serum (CCS),
2mM glutamine, 100U/ml penicillin, 100mg/ml streptomycin
and 1mM pyruvate in humidified air (5% CO2) at 37 °C. Experiments
were performed at a cell population density up to 70%. Before
being placed in the hypoxic condition, the cells were incubated in
minimal essential medium for 24 h. After hypoxia treatment, the
cells were harvested and extracted for analysis. NFIL3 plasmids
were purchased from OriGene and cells were transfected for 24 h
using PureFection reagents (System Biosciences, Mountain View,
CA).

HEMORRHAGIC SHOCK INDUCTION AND HYPOXIA TREATMENT
Animals were subjected to hemorrhagic shock as previously
described[Chang et al., 2005]. For normoxia experiments, the
H9c2 cardiomyoblast cells (ATCC) were cultured in humidified 5%
CO2/95% air at 37 °C. For hypoxia experiments, the H9c2
cardiomyoblast cells (ATCC) were cultured with 5% CO2, 94% N2,
and 1% O2 at 37 °C. The cells were incubated for 6, 12, 24 or 48 h
under hypoxic conditions. To evaluate hypoxic effects in culture of
H9c2 cells (ATCC), protein level were detected by Western blot. Each
experimental condition was performed in triplicate.

CELL VIABILITY ASSAY
Cell viability was using a 3- (4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay kit. The H9c2 ells were
incubated in 12-well plates in 10%CCS medium with hypoxia
treatment for 3, 6, 12, 24 h. Subsequently, the medium was removed
and the cells were washed with phosphate-buffered saline (PBS). One
milliliter of MTT/phenol-red free DMEM (v/v¼ 1:9) was added to
each well and the cells were incubated for 4 h at 37 °C. The medium
was removed carefully and 1m of dimethyl sulfoxide (DMSO) was
added to each well, for 5min, 200ml of supernatant of each sample
was transferred to 96-well plates, and absorbance 570 nm was
measured by spectrophotometer (U-2001, Hitachi). The absorbance
in the control group was regarded as 100% cell viability.

WESTERN BLOT
Cultured H9c2 cells were scraped and washed twice with PBS. The
cell suspensions were collected, lysed using a lysis buffer (50mM
Tris, pH 7.5; 0.5M NaCl; 1.0mM EDTA, pH 7.5; 10% glycerol; 1mM
basal medium Eagle; 1% Igepal-630; and a proteinase inhibitor
cocktail tablet [Roche, Mannheim, Germany]) and spun at 12,000 g
for 30min. The supernatants were subjected to SDS–PAGE and
transferred onto an ImmobilonTM PVDF membrane (Millipore,
Bedford, MA). The membranes were blocked with 5% low-fat milk
and 1% Tween 20 in PBS and probed with the indicated antibodies.
Protein expression was detected with the ECL detection system
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(Millipore). The antibodies used are as follows: anti-NFIL3, anti-Bax,
anti-Bak, anti-Cyt C, anti-cleaved caspase-3, a-tubulin, b-actin
(Santa Cruz Biotechnology, Santa Cruz, CA), anti-IGF2, anti-IGF2R
(Abcam, Cambridge, MA), anti-IGF1R, anti-phospho-IGF1R, anti-
PI3K, anti-phospho-Akt and anti-phospho-PLCb (Cell Signaling
Technology, Beverly, MA).

TUNEL ASSAY
DNA strand breakswere demonstrated by TUNELwith the In Situ Cell
Death Detection kit, fluorescein (Roche). H9c2 cells were fixed with a
4% paraformaldehyde solution for 30min at room temperature,
washed three times with phosphate-buffered saline (PBS), permea-
bilized with 0.1% Triton X-100 (TEDIA, Fairfield, OH) for 5min,
rinsed with PBS, and then stained with the TUNEL reaction mixture
for 2 h. After rinsing again with PBS, the cells were stained with
1mg/ml DAPI for 5min. TUNEL-positive cardiomyoblasts were
detected in the 515–565 nm (green) range with fluorescence
microscopy (Olympus, Tokyo, Japan).

RNA EXTRACTION AND SEMI-QUANTITATIVE RT-PCR
Total RNA was extracted from cultured H9c2 cell using the Quick-
RNATM Miniprep Kit (R1055, Zymo Research) following the
manufacturers’ instructions. The concentration and purity of the
total RNA were calculated based on the absorbance at 260 and
280 nm. Complementary DNA (cDNA) was synthesized with 1mg of
total RNA and 1mM oligo dT (dT15) primer using Moloney Murine
Leukemia Virus Reverse Transcriptase (Promega, Madison, WI).
cDNA was amplified using the following primer sets: IGF2R forward
primer 50-CACCGCATCCAAGATGAGAGA-30, IGF2R reverse primer
50-GCTGTTGATTCCAAAAATAATGCA-30, GAPDH forward primer
50-CCACACCTGGGATTATCCACAT-30, GAPDH reverse primer 50-
GCCCCCAACACTGAGCAT-30, PCR products were electrophoresed
by using 1% agarose gels and visualized by staining with ethidium
bromide. The gel was illuminated on a UV trans-illuminator and
photographed using the UVP GDS-7900 imaging system (UVP Inc.,
Upland, CA).

NUCLEAR EXTRACTS AND THE ELECTROPHORETIC MOBILITY SHIFT
ASSAY (EMSA)
The nuclear extracts of H9c2 cells were prepared using Nuclear and
Cytoplasmic Extraction Reagents (Thermo, NY). Probes to the EBPRE
sequence in the IGF2R promoter were used to detect sequence-
specific NFIL3 binding in vitro. The probes used were as follows: 50–
TTTTTCTTACATAATATGGCTTACATAATATGGCTTACATAATTTT
TT-30 and competitor 50-CACCGCCTTACATAATATGGGT-30. Nu-
cleotides were biotin labeled by Sigma–Aldrich. The binding
reaction was performed using the LightShift kit (Thermo). Briefly,
nuclear extracts, binding mixtures (2.5% Glycerol, 5mM MgCl2,
50 ng/m, 0.05% NP-40 and 10mM EDTA), the competitor (4 pmol)
and the anti-NFIL3 antibody (1mg, Santa Cruz) were incubated on
ice for 5min. The labeled probe (40 fmol) was then added in a volume
of 20ml, and themixturewas incubated for an additional 25min. The
reaction products were separated via electrophoresis (100V, 6%
non-denaturing polyacrylamide gel) until the bromophenol blue dye
had migrated approximately 2/3 to 3/4 down the length of the gel,
and they were then transferred to a Biodyne B Nylon Membrane

(Thermo) in 0.5X TBE buffer at 100V. The DNA crosslinked products
were detected using chemiluminescence (Thermo).

BIOTIN-DNA PULL-DOWN ASSAY
The 50-biotinylated double-stranded oligonucleotides (50-
TTTTTCTTACATAATATG GCTTACATAATATGGCTTACATAATTT
TTT-30) corresponded to positions -899 to -890 of the IGF2R
promoter and included three repeats. The competitor (50-
CACCGCCTTACATA ATATGGGT-30) corresponded to positions
�905–�885 of the IGF2R promoter. Nuclear protein extracts were
prepared from H9c2 cells that were transfected with NFIL3. A total
of 25mg of the nuclear extract was incubated at 4 °C for 1 h with
each pair of the oligonucleotides and Qbeads-Streptavidin
(MagQu, TPE, Taiwan). The protein-DNA complexes were dena-
tured in SDS sample buffer, subjected to SDS-PAGE and detected
by Western blot.

CHROMATIN IMMUNOPRECIPITATION ASSAY
A ChIP assay was performed as described previously [Chu et al.,
2012]. Briefly, cells were crosslinked with formaldehyde, and
chromatin was fragmented by sonication. Chromatin was immuno-
precipitated with anti-NFIL3 (Santa Cruz) or control IgG, and
purified co-precipitated DNA was quantified by PCR with Ex TaqTM

Polymerase (TaKaRa, Otsu, Japan). The PCR products were then
analyzed using agarose gel electrophoresis and stained with EtBr for
visualization. The primers used to amplify the DNA fragments were
as follows: forward 50-AGCACATTACAGACGGAGCCATT-30 and
reverse 50-TC AGACAGGACTGGAGTTCGGAT-30.

LUCIFERASE ASSAY
The IGF2R-luciferase constructs were created by inserting an �1.3
and an�0.7 kb fragment encompassing the predicted EBPRE into the
pGL4-BASIC-luciferase plasmid (Promega, Tokyo, Japan). The
primers used to amplify the DNA fragments were as follows:
IGF2R_P1 (forward 50-TCTCATCTCGAGCAATGACTAGTCTTCATG-
TAACAGC -30 and reverse 50-GCCGC-AAAGCTTGAGTCGAAGCTG-
CAACGG-30) and IGF2R_P2 (forward 50- CATTCGCTCGA
GTCCGAACTCCAGTCCTGTCT-30 and reverse 50-GCC GCAAAGCTT-
GAGTCGAAGCTGCAACGG-30). A commercial plasmid containing a
CMV-driven Renilla reporter system was used as an internal control
(Promega). H9c2 cells were plated in 6-well plates at 50–70%
confluence and were co-transfected with the pCMV-NFIL3 construct
or with an equimolar amount of the pCMV empty vector and the
pGL4-IGF2R_P1 or pGL4-IGF2R_P2 construct utilizing PureFec-
tionTM reagents (System Biosciences). The media was changed 2 h
prior to transfection. After the media was changed, the cells were
incubated in 10% DMEM for 24 h. The luciferase assays were
performed using the Dual-Luciferase Reporter Assay System
according to the manufacturer’s instructions (Promega). Briefly,
100ml of luciferase substrate was added to 20ml of lysate, and
luciferase activity was measured using a LB940 Multilabel Reader
(Berthold Technologies, Bad Wildbad, Germany). Each luciferase
assay was performed in triplicate.
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RESULTS

HYPOXIA-INDUCED IGF2R EXPRESSION IN H9C2
CARDIOMYOBLASTS CORRELATED WITH EXPRESSION IN HEARTS
SUBJECTED TO HEMORRHAGIC SHOCK RAT
IGF2 and the IGF2R play an important role in the heart. IGF2 and
IGF2R protein expression levels were increased in the hearts of rats
with an abdominal aorta ligation. Under an Ang II-induced
cardiomyoblast apoptotic condition, blocking IGF2 or the IGF2R
attenuated Ang II-induced DNA fragmentation [Lee et al., 2006].
Therefore, we decided to further characterize the IGF2 and IGF2R
expression in rats subjected to hemorrhagic shock. The levels of
IGF2 and IGF2R protein expression were significantly increased in
the hearts of rats subjected to hemorrhagic shock compared with
the control rat hearts (A). We also investigated whether hypoxia
induced IGF2R protein expression in H9c2 cells. Western blot
analysis confirmed a time-dependent up-regulation of IGF2R
protein expression when cells were treated with hypoxia (Fig. 1B).
Due to the IGF2R protein expressed most after 24 h hypoxia
treatment, H9c2 cell viability under hypoxic conditions was
detected by MTT assay. There were significant difference between
control (normoxia) and 24 h hypoxia treated groups (Fig. 1C). This
result indicated that 24 h hypoxia treatment had harmful effect on
growth of H9c2 cells.

NFIL3 OVEREXPRESSION REPRESSED HYPOXIA-INDUCED
APOPTOSIS OF H9C2 CARDIOMYOBLAST CELLS
Previous studies have shown that overexpression of NFIL3
attenuates caspase-3 activation and that NFIL3 plays an important
role in heart development [Weng et al., 2010]. To investigate whether
NFIL3 can inhibit hypoxia-induced apoptosis, wefirst overexpressed
NFIL3 alone. We observed a significant increase in the phosphor-
ylation of IGF1R and Akt and a decline in the IGF2R protein
expression level (Fig. 2A). Next, we transfected H9c2 cells with the
NFIL3 plasmid and then exposed the cells to hypoxia. The hypoxia-
induced reduction in PI3K/Akt signaling was reversed by trans-
fection with NFIL3 in a dose-dependent manner. In addition, the
increase in the expression of hypoxia-induced apoptotic proteins
Bax, Bak, Cyt C and caspase-3 was decreased with transfection of a
different dose of NFIL3 (Fig. 2B). After 24 h of hypoxia treatment, we
observed a significant increase in DNA fragmentation using the
TUNEL assay. However, there was a significant attenuation of
hypoxia-induced TUNEL positive staining when the cells were
transfected with NFIL3 (Fig. 2C). Taken together, these results
suggest that the up-regulation of NFIL3 inhibits hypoxia-induced
H9c2 cell apoptosis.

OVEREXPRESSION OF NFIL3 INHIBITED IGF2R TRANSCRIPTION
To determine the possible mechanisms for IGF2R suppression, we
performed semi-quantitative PCR to measure the IGF2R tran-
scription. We observed an increase in the expression of the IGF2R
gene in H9c2 cells exposed to hypoxia (Fig. 3A). However, hypoxia-
induced IGF2R gene up-regulation was diminished by transfection
of a different dose of NFIL3 (Fig. 3B). The findings illustrated in
Figure 3 suggest that NFIL3 repressed IGF2R transcription levels in a
direct or an indirect way.

Fig. 1. Hypoxia-induced IGF2R expression in H9c2 cardiomyoblasts
correlated with expression in the hearts of hemorrhagic shock rats. (A) The
IGF2 and IGF2R protein expression levels of normal (Con) and hemorrhagic
shock (HS) rat hearts were measured by western blot. The quantitative analysis
of IGF2 and IGF2R protein expression levels was represented as a bar graph
below the western blot. (B) The IGF2R expression in H9c2 cells under hypoxic
conditions was detected by western blot. Three independent western blot
experiments were quantified by densitometry and normalized toa-tubulin. The
data are presented as the mean� SD. *P< 0.05 and **P< 0.01 vs. normal
(normoxia). (C) Cells were exposed to nomoxia or hypoxia for a variable period
of time (1, 3, 6, 12 and 24 h), and then cell viability was determined by the
MTT assay. The data are presented as the mean� SD. *P< 0.05 vs. normal
(normoxia).
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NFIL3 SUPPRESSED IGF2R GENE EXPRESSION BY DIRECTLY
TARGETING THE PROMOTER REGION OF THE IGF2R
The NFIL3 binding element is called the E4BP4 response element
(EBPRE). We found a conserved consensus sequence for NFIL3
binding �0.8–�1.2 kb upstream of the IGF2R gene promoter
(Fig. 4A). Interestingly, this putative NFIL3 binding sequence is
conserved between the rat and mouse, whereas a similar
sequence is conserved between humans and orangutans
(pongo). We hypothesized that NFIL3 suppressed IGF2R gene
expression through direct interaction with the EBPRE. To
investigate whether NFIL3 binds to the EBPRE, an electro-
phoretic mobility-shift assay (EMSA) and a double-stranded
DNA pull-down assay were performed with biotin-labeled
double-stranded DNA (Fig. 4B). As illustrated in Figure 4C,
overexpression of NFIL3 in H9c2 cells resulted in the binding of
protein to the probe with the three repeats of the EBPRE

Fig. 3. Overexpression of NFIL3 inhibited IGF2R gene transcription. (A) IGF2R
mRNA was analyzed by semi-quantitative PCR after exposure to hypoxia. Data
points represent the mean� SD. *P< 0.05 and **P< 0.01 vs. normoxia-treated
cells. (B) Cells were transfected with NFIL3 for 24 h and exposed to hypoxia for
another 24 h. All experiments were performed in triplicate. *P< 0.05 vs.
normoxia-treated cells. #P< 0.05 and ##P< 0.01 vs. hypoxia-treated cells.

Fig. 2. Hypoxia-induced apoptosis was blocked by transfection with NFIL3 in
H9c2 cells. (A) H9c2 cells were transfected with 0.5, 1 or 1.5 (mg/ml) NFIL3 for
24 h. Cell lysates were collected and analyzed for NFIL3, phospho-IGF1R,
phospho-Akt and IGF2R protein expression using western blot. (B) NFIL3
transfected H9c2 cells were exposed to hypoxia for 24 h and then analyzed for
survival- and apoptosis-related proteins by western blot using the following
antibodies: NFIL3, phospho-PI3K, phospho-Akt, IGF2R, phospho-PLCb, Bax,
Bak, Cytochrome C (Cyt C) and cleaved caspase-3. (C) Apoptosis was detected
by the TUNEL assay. All experiments were performed in triplicate. **P< 0.01 vs.
normoxia-treated cells. ##P< 0.01 vs. hypoxia-treated cells.
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sequence (3xEBPRE). This band shift was diminished by the
addition of the biotin-free double-stranded DNA containing the
EBPRE sequence or an antibody to NFIL3. NFIL3 was pulled
down with the biotin-labeled double-stranded DNA comprising
the 3xEBPRE probe (Fig. 4D). The interaction between NFIL3
and the biotin-labeled 3xEBPRE probe was competitively
inhibited by the addition of the biotin-free double-stranded
DNA containing the EBPRE sequence. A chromatin immuno-
precipitation assay (ChIP) also showed specific binding of NFIL3
to the �781–�965 kb region of the IGF2R promoter, which
contains the EBPRE sequence (Fig. 4E). These data indicate that
NFIL3 interacts with the EBPRE sequence of the IGF2R promoter

in H9c2 cells. We also used a luciferase reporter construct
containing the IGF2R promoter including the �890–�899
EBPRE-containing region to monitor IGF2R transcription.
Overexpression of NFIL3 caused a statistically significant
attenuation (60%) of the IGF2R promoter activity compared
with the empty vector control. In contrast, overexpression of
NFIL3 had no statistical effect on the pGL4–0.7k-luc construct,
which did not contain the EBPRE sequence (Fig. 4F). Taken this
together, NFIL3 overexpression could translocation to nuclear
inhibit hypoxia induced IGF2R expression triggered cell
apoptosis by binding IGF2R promoter region, and it is able to
repress IGF2R gene transcription (Fig. 5).

Fig. 4. NFIL3 suppressed IGF2R gene expression by directly targeting to the promoter region of the IGF2R. (A) Alignment of the EBPRE sequence in the IGF2R promoter for four
species. (B) The sequences of the gel-shift oligonucleotides used. Nuclear protein extracts were prepared from H9c2 cells transfected with or without NFIL3. (C) The EMSA was
performed in triplicate. (D) A total of 25mg of nuclear extract was incubated with 50-biotinylated double-stranded oligonucleotides previously coupled to Qbeads-Streptavidin.
The protein-DNA complexes were separated with a magnet, and then denatured in SDS sample buffer and subjected to SDS-PAGE. NFIL3 was detected by western blot. (E) Cells
transfected with or without NFIL3 were prepared for the ChIP assay. (F) Schematic diagrams of the IGF2R gene indicating predicted EBPRE sites. H9c2 cells were transiently co-
transfectedwith empty or NFIL3 overexpression vectors andwith luciferase-reporter constructs containing�1.2 and�0.7 kb of the IGF2R promoter containing or not containing
the predicted EBPRE site. Luciferase activity compared with the control. The data are presented as the mean� SD. *P< 0.01 vs. control.
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DISCUSSION

IGF2R, a �300-kDa cation-independent mannose 6-phosphate
(M6P) receptor, interacts with many different classes of ligands,
including IGF2, retinoic acid, uPAR, plasminogen and other M6P
containing ligands to regulate various cellular functions [Ghosh
et al., 2003; Bohnsack et al., 2010]. H9c2 cells treated with tumor
necrosis factor-alpha (TNF-a), lipopolysaccharide (LPS), angiotensin
II (Ang II) and inomycin, as well as the spontaneousl y hypertensive
rat (SHR) heart respond with increased IGF2R gene activation [Chu
et al., 2012]. Previously study indicate that down-regulation of
IGF2R gene expression reduced hypoxia- and TNFa-induced
apoptosis [Chen et al., 2004]. Up-regulation of IGF2R, by treatment
with Leu27IGF2 and through interactions with Gaq, induced
apoptosis and hypertrophy [Chu et al., 2008; Chu et al., 2009].
Our findings demonstrated that the IGF2R protein expression was
up-regulated in H9c2 cells exposed to hypoxia and in the hearts of
hemorrhagic shock rats (Fig. 1A). The data reveal that the expression
of IGF2R in H9c2 cardiomyoblasts after 36 and 48 h of hypoxia
decreases respect to 24 h of hypoxia (Fig. 1B). The majorly reason of
this decrease is the H9c2 cell viability was decreased from 24 h and
the IGF2R protein level was also decrease accompany.We also found
that the cells viability during the hypoxia of H9c2 cardiomyoblast
cells has significant decreaseceafter 24 h hypoxia treated. These
evidence suggests that IGF2R protein expression correlates with
hypoxia.

NFIL3 is a mammalian basic leucine zipper transcription factor,
and it acts as a transcriptional activator or repressor [Cowell et al.,
1992; Zhang et al., 1995]. The latent functions of NFIL3, its ability to
regulate motor neuron growth and survival [Junghans et al., 2004],
hematopoietic cell survival [Yu et al., 2002], macrophage differ-

entiation and activation [Baek et al., 2009], cardiac survival and
embryonic heart development [Weng et al., 2010], have been
reported by many studies. Thus, we investigated whether the
overexpression of NFIL3 promotes survival of cardiomyoblasts
subjected to hypoxic conditions. Hypoxia-induced IGF2R expres-
sion and cellular apoptosis were both blocked by overexpression of
NFIL3 (Fig. 2). The C-terminal region of NFIL3 has transcriptional
repressing activity [Cowell et al., 1992]. Furthermore, we determined
that the IGF2R gene expression was regulated by NFIL3. As shown in
Figure 3B, IGF2R gene transcriptionwas influenced by NFIL3. In this
study, we found that the NFIL3 protein bound to the EBPRE site in the
IGF2R promoter region in vitro using a gel shift assay and a double-
stranded DNA pull-down assay (Fig. 4C,D). We also noted a strong
binding affinity between NFIL3 and the IGF2R promoter in vivo
using a chromatin immuno-precipitation assay (Fig. 4E). Moreover, a
luciferase assay showed the deflection of the EBPRE sequence in the
IGF2R promoter region, which reduced suppression of IGF2R gene
expression. These results imply that the transcription of the IGF2R
gene was negatively regulated by NFIL3 acting on the EBPRE site,
which might suppress the IGF2R protein expression and H9c2 cell
apoptosis under hypoxic conditions.

Previously study indicate that IGF2R plays a critical role in
regulation of myocardium cell apoptosis by interaction with Gaq to
phosphorylation of PLCb and activate calcineurin signaling result in
mitochondria-dependent apoptosis [Chu et al., 2009]. In conclusion,
the present study shows that NFIL3 binding to the EBPRE site in the
IGF2R promoter region is critical for negative regulation of IGF2R
gene expression and attenuation of the hypoxia-induced H9c2 cell
apoptosis (Fig. 5). Thus, our data provides new insight into the
mechanisms of NFIL3-regulated cardiomyoblast survival and may
further protect against hypoxia-induced heart diseases.

Fig. 5. A hypothetical model of NFIL3 suppression of hypoxia-induced IGF2R expression and cell apoptosis in H9c2 cardiomyoblast cells. Hypoxia induces IGF2R activation,
which leads to IGF2R interaction with Gaq and phosphorylation of PLCb leading to cell apoptosis. NFIL3, through binding to the promoter of the IGF2R, suppresses IGF2R gene
expression, blocking hypoxia-induced cell apoptosis.
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