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Abstract
CTCF, a nuclear transcriptional factor, is a multifunctional protein and involves regulation of growth
factor- and cytokine-induced cell proliferation/differentiation. In the present study, we investigated
the role of CTCF in protecting stress-induced apoptosis in various human cell types. We found that
UV irradiation and hyper-osmotic stress induced human corneal epithelial (HCE) and hematopoietic
myeloid cell apoptosis detected by significantly increased caspase 3 activity and decreased cell
viability. The stress-induced apoptotic response in these cells requires down-regulation of CTCF at
both mRNA and protein levels, suggesting that CTCF may play an important role in downstream
events of stress-induced signaling pathways. Inhibition of NFκB activity prevented stress-induced
down-regulation of CTCF and increased cell viability against stress-induced apoptosis. The anti-
apoptotic effect of CTCF was further studied by manipulating CTCF activities in HCE and
hematopoietic cells. Transient transfection of cDNAs encoding full-length human CTCF markedly
suppressed stress-induced apoptosis in these cells. In contrast, knocking down of CTCF mRNA using
siRNA specific to CTCF significantly promoted stress-induced apoptosis. Thus, our results reveal
that CTCF is a down stream target of stress-induced signaling cascades and it plays a significant anti-
apoptotic role in regulation of stress-induced cellular responses in HCE and hematopoietic myeloid
cells.
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Introduction
CTCF, a CCCTC binding factor, is a DNA binding protein which consists of 11 zinc finger
domains [1–3]. The protein is a highly evolutional conserved transcriptional factor and is
involved in multiple aspects of gene transcriptional regulations [1,4]. CTCF was initially
cloned as a repressive transcriptional factor to regulate c-Myc expression cross species of
chicken, mouse and human [1]. CTCF regulates several genes important for regulations of
development [5,6]. Interestingly, the regulatory function of CTCF on its target genes appears
mainly inhibitory or insulation effects, including repressing expressions of c-Myc, β-globin
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and chicken lysozyme genes [1–3]. With an exception, CTCF can up-regulate expression of
amyloid protein precursor gene [7]. In the past years, remarkable finding reveals that CTCF
plays an important role in controlling mono-allelic expression of imprinted genes, such as
Igf-2 and H19 genes through a DNA methylation-sensitive mechanism [8,9]. In addition, CTCF
is also a candidate for the trans-acting factor determining X-inactivation choices [10]. Our
previous studies demonstrate that CTCF activity is necessary for eye development in mice
[5,6]. CTCF interacts with binding motifs upstream from the P0 promoter of Pax6 gene and
down-regulates Pax6 expression to control eye development [11]. As evidenced by our
previous studies, CTCF is up-regulated by EGF-stimulated activation of the Erk signaling
pathway resulting in suppression of Pax6 expression during EGF-induced corneal epithelial
cell proliferation [12]. Moreover, CTCF is a phosphoprotein with different phosphorylated
forms. The phosphorylation of CTCF is associated with cell proliferation/differentiation [13,
14]. However, the role of CTCF in regulating cell growth and apoptosis is still not clearly
understood. In lymphocyte B cells, increased expression of CTCF is associated with down-
regulation of c-Myc, resulting in cell growth arrest and cell death [15]. Accumulation of CTCF
in the nucleoli is related to growth arrest and apoptosis during differentiation in human K562
myeloid cells and in human breast carcinoma cells, respectively [16,17]. These results suggest
that CTCF may be a determinant factor to death signaling pathways in these cells. However,
other studies demonstrate contrary to the pro-apoptotic role of CTCF that knockdown and over-
expression of CTCF in breast cancer cells result in triggering apoptosis and protecting ectopic
expression of Bax-induced apoptosis, respectively [18]. In addition, CTCF expression levels
are elevated in corneal epithelial cells in growth factor-induced proliferation [12]. In order to
understand how CTCF regulates the cell growth and survival, it is necessary to further study
the role of CTCF in stress-induced signaling and death pathways in various cell and tissue
types.

Ultraviolet (UV) and hyper-osmotic stresses can induce activations of different signaling
pathways, such as JNK and p38 signaling pathways, resulting in programmed cell death
(apoptosis) [19]. Stress-induced activation of specific signaling pathways are also often
resulted from stimulation of the cell membrane Kv channels and cytokine receptors, including
epidermal growth factor (EGF), tumor necrosis factor (TNF) and interleukin-1 (IL-1) receptors
[20–23]. UV and hyper-osmotic stress-induced corneal epithelial cell death is associated with
activation of c-Jun NH2-terminal kinase/stress-activated protein kinase (JNK/SAPK) and p38
cascades that elicit cellular apoptotic responses [19,22,24]. On the other hand, stress-induced
stimulation of signaling pathways that are upstream of MAP kinases includes activation of
Ras, a GTP binding protein and Src, a nonreceptor tyrosine kinase [25–28]. In addition, the
membrane-associated protein tyrosine phosphatases can be inhibited by UV irradiation through
targeting an essential -SH group in the tyrosine phosphatase, resulting in inhibition of
dephosphorylation and enhancement of autophosphorylation of cytokine receptors [29].
Further downstream, the stress response is characterized by increase of caspase 3 activities and
triggering apoptosis. However, the regulatory mechanism regarding altered CTCF activities in
response to cytokines and environmental stress is still largely unknown. In the present study,
we demonstrate that UV irradiation and hyper-osmotic stresses induced down-regulation of
CTCF activity. Down-regulation of CTCF activity is required for the effect of stress-induced
NFκB activation on apoptosis in HCE and hematopoietic myeloid cells. These results reveal
a new and functional role of CTCF which acts as an anti-apoptotic factor in mediating stress-
related cell survival and death.
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Materials and Methods
Cell culture and apoptosis induction

Human corneal epithelial (HCE) cells were cultured in a humidified incubator gassed with 5%
CO2 at 37 °C and fed with DMEM/F12 medium contained 10% FBS and 5 ng/ml insulin
(Sigma). HCE cells were serum-starved in the serum-free culture medium for 24 h to
synchronize cell at the G1 phase of the cell cycle. HCE cells were detached by treatment with
0.05% trypsin-EDTA and passed at a seeding density of 105/ml. Several hematopoietic myeloid
cell lines were used in our study including ML-1 [30], K562 (ATCC), U937 (ATCC) and
Himeg-1 [31]. Hematopoietic myeloid cells were cultured in RPMI 1640 supplemented with
7.5% heat-inactivated fetal bovine serum (FBS; Invitrogen™ Life Technologies, Grand Island,
NY, USA) in a humidified incubator constantly filled with 5% CO2 at 37°C. Hematopoietic
myeloid cells were passed at 3×105 seeding density and synchronized by serum starvation that
was achieved by maintaining cells in a medium containing 0.3% FBS for 36 h. For UV
irradiation experiments, cells were placed in a tissue culture hood at a distance of 60 cm from
the UV-C light source and exposed at an intensity of 42 μJ/cm2. For hyper-osmotic pressure
experiments, cells were exposed to osmotic pressures from 300 to 600 mOsm created by
increasing concentrations of sorbital in the medium.

Northern blot experiments
Total RNAs from HCE and hematopoietic myeloid cells were extracted by using a guanidine
thiocyanate procedure [32]. Briefly, 1×107 cells were collected and rinsed with ice-cold
phosphate buffered saline (PBS). Cells were lysed in 1 ml of guanidium solution (5 M guanidine
hydrochloride, 50 mM Tris-HCl, pH 8, 0.5% N-lauroylsarcosine, 100 mM β-mercaptoethanol).
Lysates were extracted with 50/50 phenol/chloroform for three times. Finally, RNAs were
precipitated by centrifugation at 12,000 rpm for 15 min after pre-incubated with ethanol at −80
°C. RNA (20 μg) for each sample was loaded in 1% agarose gel denatured with 2.2 M
formaldehyde. The fractionated RNA was transferred onto nylon membrane. The membrane
was subsequently hybridized with [α-32P] labeled corresponding DNA probe using a Random
Primer Labeling Kit (NE Biolabs, Beverly, MA). Signals in the membrane were visualized by
exposure of the membrane to X-ray film overnight at −80 °C.

Western blot experiments
Western analysis was performed using a previously described protocol [22]. In brief, HCE and
hematopoietic myeloid cells (5×106) were rinsed twice with PBS and harvested in 0.5 ml lysis
buffer (20 mM Tris, pH 7.5, 137 mM NaCl, 1.5 mM MgCl2, 2 mM EDTA, 10 mM sodium
pyrophosphate, 25 mM β-glycerophosphate, 10% glycerol, 1% Triton X-100, 1 mM Na-
orthovanadate, 1 mM phenylmethylsulfonyl fluoride, 10 mg/mL leupeptin). After
centrifugation at 13,000 g for 15 min, cell lysates were denatured by an equal volume of 2×
Laemmli buffer, and then by boiling for 5 min. Each sample containing 20 μg protein was
electrophoresed in a 10% SDS-polyacrylamide gel, and then transferred to a polyvinylidene
difluoride membrane. The membrane was incubated with respective antibodies against CTCF,
cleaved caspase 3 and PARP fragments (Upstate, Chicago, IL). Secondary anti-rabbit
immunoglobulin G conjugated with HRP was used to visualize the positive signals in the
membrane (Santa Cruz Biotech, Santa Cruz, CA). These membranes were re-hybridized with
mouse anti-β-actin and goat anti-mouse IgG antibodies after being stripped following a
standard tripping protocol.

Over-expression and knockdown mRNA of CTCF
Full-length cDNA encoding human CTCF were cloned into pcDNA4-to-A vector (Gibco/
Invitrogen, Carlsbad, CA), named as pcDNA4-CTCF. Both pcDNA4-CTCF and pcDNA4-To-
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A vector (served as control) were transfected into HCE cells by a lipofection protocol as
follows: 1) subconfluent cells (60%) in 60 mm culture dishes were rinsed twice with PBS and
placed in 1.2 ml of serum free DMEM/F12 medium; 2) DNA mixture samples containing 5
μg DNA each, 10 Plus Reagent and 10 μl lipfectamine (Invitrogen) in 200 μl serum free medium
were added into the dishes. After 6 h incubation in transfection conditions, the cells were
replaced to the normal culture condition for 2 days. For RNA interference (RNAi) experiments,
a human CTCF specific double strand short RNA was synthesized by using a Silencer™ siRNA
Construction kit (Ambion, Austin, TX). A pair of primers was used with a sense strand
sequence of “aaggaaugucuucuuuacacc”, and an antisense strand of “aagguguaaagaagacauucc”.
In addition, a control double strand siRNA (sense: “aacauucgguagauuccucgc” and antisense:
“aagcgaggaaucuaccgaaug”) was also synthesized using the same method. The sequence
homologies of siRNA primers were examined by using a NIH Blast program. The siRNAs
were transfected into HCE and hematopoietic cells by using a siPORT Lipid system (Ambion,
Austin, TX) following a standard protocol. Briefly, subconfluent cells in 6 well culture plates
or in 35 mm culture dishes were washed twice with PBS and then 0.6 ml serum free DMEM/
F12 were added to each well or dish. The transfection mixtures containing siRNA (25 nM) and
siPORT lipid (10 μl) in 200 μl serum free medium were applied into each well or dish of cells.
The cells were incubated at 37 °C for 6 h before replaced with DMEM/F12 medium containing
10% FBS for two days. Transfected were synchronized by serum starvation for 24 h before
experiments.

Determination of cell apoptosis
Cell death was analyzed by detections of caspase 3 activation and cell survival index using
MTT assays. Caspase 3 activity in cells was determined by Western analysis using specific
antibodies against cleaved caspase 3 and PARP fragments (see Western blot experiments
above), and by using a colorimetric CaspACE™ Assay system (Promega, Madison, WI). HCE
and ML-1 cells (107) were washed twice with cold PBS and lysed in 100 μl lysis buffer by 3
cycles of freeze thawing. Following centrifugation at 15,000 g for 15 min at 4°C, 50 μl lysates
were added into a 96 well plate containing reaction mix to measure caspase 3 activity. After
incubation for 4 h at 37 °C, OD405nm of each sample was measured with a microplate reader
(Molecular Devices Corporation, Sunnyvale, CA). Based on a standard curve obtained with
pNA standards, pNA produced in the reaction was calculated as specific caspase activity. Their
activities are expressed as pico-mole/106cell. MTT assay was performed following an
established protocol [12]. Briefly, a colorimetric assay system was used to measure the
reduction of a tetrazolium component (MTT) into an insoluble formazan product by the
mitochondria in viable cells. The culture medium was replaced with 1 ml of serum free medium.
MTT solution (100 μl, 5 mg/ml in PBS) was added into each wells and incubated in a CO2
incubator for 1 h. The medium was replaced by 0.4 ml acidic isopropanol (0.04 M HCl in
absolute isopropanol) to solubilize the colored crystals. Samples were read using an ELISA
plate reader (Labsystems Multiskan MCC/340, Fisher Scientific) at a wavelength of 570 nm
with the background subtraction at 650 nm. The amount of color produced normalized with
the background was directly proportional to the number of viable cells.

Results
Stress-induced alterations of CTCF expression

In previous studies, we found that CTCF activity in human corneal epithelial (HCE) cells was
altered in cytokine-stimulated proliferation. Expression of CTCF was up-regulated by EGF-
induced activation of MAP kinase cascades, suggesting that CTCF may be also involved in
cellular responses stimulated by stresses. To pursue studying the role of CTCF in stress-induced
cellular response, HCE and hematopoietic myeloid cells were exposed to UV irradiation in the
normal culture medium and to hyper-osmotic pressure containing high concentrations of
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sorbital. CTCF mRNA and protein expression levels in UV irradiation-induced HCE cells were
detected following a time course by Northern and Western blots, respectively (Fig. 1A).
Expression of CTCF mRNA in HCE cells was largely diminished in 2 h and completely
disappeared in 4 h after UV irradiation. In parallel to altered CTCF mRNA expression,
expression of CTCF protein in these cells was also markedly decreased within 2–4 h after UV
exposure. Four types of human hematopoietic myeloid cells were used in our experiments.
Upon exposure of these cells to UV irradiation, expressions of CTCF mRNA and protein were
markedly suppressed down to very low levels in 6 h (Fig. 1B). Stimulation of cells by hyper-
osmotic pressures was carried out by increased sorbital concentrations from 300 to 600 mOsm
in the culture. Expressions of CTCF mRNA and protein were strongly diminished following
increased osmotic pressures and following a time course (Fig. 1C). The results indicate that
cellular CTCF activities were sensitive to UV and hyper-osmotic stresses, suggesting that
CTCF is very likely to play a functional role in stress-induced cellular response.

Effect of over-expressing CTCF on UV-induced cell death
UV irradiation-induced corneal epithelial apoptosis has been examined by using different
methods in our lab including measurement of cell survival index, detection of DNA
fragmentation, TUNEL stain, nuclear condensation stain and determination of caspase 3
activities [19,23,33]. In the present study, UV irradiation-induced HCE cell death was
determined by analyzing caspase 3 activities using Western blots to measure contents of
cleaved caspase 3 and PARP (a substrate for caspase 3) fragments. Apoptotic cells were
determined by cell survival index via MTT assay. An expression vector containing cDNA
encoding full-length CTCF gene (termed as pcDNA4-CTCF) was transfected into HCE cells
to enhance cellular CTCF expression levels by using lipofection, while cells in the control
group were transfected with pcDNA4 vector only. Exposure of HCE cells to UV irradiation
induced decreased CTCF expression and increased caspase 3 activity in control cells. However,
over-expression of CTCF in transfected HCE cells resulted in a counter effect against UV
irradiation-induced caspase 3 activation and decreased CTCF expression (Fig. 2A). In addition,
cell viability was significantly reduced by UV irradiation in control cells. Over-expression of
CTCF in transfected cells significantly protected the cells from UV irradiation-induced death
following a time course (Fig. 2B&2C). In consistence with results obtained from HCE cells,
CTCF mRNA and protein expression levels were markedly enhanced by CTCF over-
expression in hematopoietic myeloid ML-1 cells (Fig. 2D). UV irradiation-induced increases
in caspase 3 activity were significantly suppressed in CTCF over-expressed ML-1 cells
following a time course (Fig. 2E). The results suggest that UV irradiation-induced decrease in
cellular CTCF levels is functionally correlated with the effectiveness of protecting cell death.

Effect of Knocking down CTCF mRNA on UV-induced cell death
To further determining the effect of altered CTCF activity on UV irradiation-induced cell death,
CTCF mRNA was knocked down by siRNA techniques. In previous studies, CTCF has been
successfully knocked down to last at least for 5 days in HCE cells by using selected CTCF
sequence-specific RNA primers [12]. In the present study, HCE cells were transfected with
siRNA nucleotides specific to CTCF for 3 days and the cellular level of CTCF protein was
markedly reduced compared to control cells transfected with nonspecific siRNA primers (Fig.
3A). As expected, knocking down CTCF mRNA in HCE cells by transfection of CTCF
sequence-specific siRNA increased UV irradiation-induced caspase 3 activity and promoted
UV irradiation-induced HCE cell death (Fig. 3B&3C). Similar approaches were also applied
to ML-1 cells. Knocking down CTCF mRNA suppressed CTCF expression in both mRNA
and protein levels in ML-1 cells (Fig. 3D). In addition, knocking down CTCF mRNA in ML-1
cells resulted in enhanced effects of UV irradiation on increased caspase 3 activity and
decreased cell viability following a time course, respectively (Fig. 3E&3F). Results obtained
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from both types of CTCF knocking down cells were fairly consistent. The data provide further
supporting evidence that CTCF activity is involved in UV irradiation-induced cell death.

Effect of over-expressing and knocking down CTCF on hyper-osmotic stress-induced cell
death

It has reported that hyper-osmotic stress-induced decreased volume (cell shrinkage) can induce
apoptotic responses specifically through activation of the p38 limb in the MAP kinase family
[22,24,34]. The effect of hyper-osmotic stress on expressions of CTCF mRNA and protein was
examined by exposure of HCE cells to high concentrations of sorbital ranging from 300 to 600
mOsm as shown in Fig. 1B. To further study the possible involvement of CTCF in hyper-
osmotic stress-induced apoptosis, the effect of hyper-osmotic stress on caspase 3 activities was
examined in CTCF over-expressed HCE cells. Over-expression of CTCF effectively prevented
hyper-osmotic stress-induced increases in caspase 3 activities and significantly enhanced HCE
cell viability in response to hyper-osmotic stress stimulation, respectively (Fig. 4A&4B). In
contrast, Knockdown of CTCF mRNA in HCE cells markedly enhanced hyper-osmotic stress-
stimulated increases in caspase 3 activity and significantly promoted hyper-osmotic stress-
induced HCE cell apoptosis, respectively (Fig. 5A&5B). The effects of altered CTCF
expression levels on hyper-osmotic stress-induced increases in caspase 3 activity and decreases
in cell viability are consistent with those results observed in UV irradiation-induced cells. The
data in this section provide additional evidence to support the notion that CTCF is a
multifunctional protein and plays a functional role in stress-induced cell fate.

Effect of inhibiting UV-induced activation of NFκB on CTCF expression and apoptosis
Previous studies demonstrate that NFκB plays important roles in stress-induced death
pathways. In HCE cells, UV irradiation induced activation of NFκB within 30 min detected
by EMSA and the specificity of NFκB activation was verified by competitive binding of
NFκB in EMSA (Fig. 6A). Nuclear protein binding of NFκB in UV irradiation-induced cells
was only competitively inhibited by cold NFκB probes, but not by those of non-specific
oligonucleotides. It is very likely that CTCF is involved in the stress-induced NFκB pathway.
The effect of UV irradiation-activated NFκB on CTCF expression was examined by inhibition
of NFκB activity with PDTC, a NFκB specific inhibitor. Inhibition of UV irradiation-induced
NFκB activity with PDTC effectively reversed the effect of UV irradiation on suppression of
CTCF expression in HCE and ML-1 cells (Fig. 6B). Furthermore, inhibition of NFκB with
PDTC also minimized the effect of UV irradiation on HCE and ML-1 cell apoptosis (Fig. 6C).
This result is consistent to the data showing the protective effect of CTCF on UV irradiation-
induced cell apoptosis, which suggests that CTCF may play a role downstream in the stress-
induced NFκB pathway.

Discussion
Environmental stress constitutes a major insult to all exposed tissues of the body, including
those comprising the cornea and other cell types. The most common environmental stress
includes exposure to UV irradiation, hyper-osmotic pressure and other biohazards. Apoptosis
induced by UV irradiation and hyper-osmotic stress in various cells is a complex response at
early times resulting from activation of cell signaling pathways that are distinct from those
activated in the nucleus at later times [33]. In the present study, we found that expression of
CTCF was significantly diminished following a time course in response to UV and hyper-
osmotic stress stimulation (Fig. 1). CTCF is a transcription factor and multifunctional protein
in controls of DNA imprinting and in regulations of gene expression. In previous studies, we
report that CTCF is a downstream component in the Erk signaling pathway and plays important
roles in growth factor-induced cell proliferation. The result that down-regulation of CTCF in
events of stress-induced apoptotic responses is consistent with the previous studies that show
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up-regulation of CTCF downstream from the EGF receptor-linked Erk signaling pathway to
promote HCE cell proliferation [12]. In addition, it has been shown that increased Erk activity
can effectively against apoptosis in various cell types. In fact, increased cellular CTCF activity
resulted from EGF-induced Erk activation plays functional roles in inhibition of Pax6 since
suppression of Pax6 activity is required for EGF to stimulate corneal epithelial proliferation
[12]. We believe that stress-induced down-regulation of CTCF activity is essential for HCE
and hematopoietic cells to commit to UV irradiation and hyper-osmotic stress-stimulated
apoptosis. In addition, activation of JNK and p38 cascades can result in apoptotic responses in
corneal epithelial and hematopoietic myeloid cells [19,22,24]. In fact, the time course for stress-
induced suppression of CTCF activity from our results is very similar to the time courses of
stress-induced JNK and p38 activation in these cells [19,22,24]. It suggests that UV irradiation
and hyper-osmotic stress-activated intracellular signaling pathways include the JNK and p38
pathways.

The effect of UV irradiation and hyper-osmotic stress stimulation on down-regulation of CTCF
suggests that CTCF is a downstream component in stress-induced signaling pathways. Up to
date, there is a little knowledge about the upstream signaling components that are involved in
regulation of CTCF. Consistent with data from previous studies, we found that UV irradiation
induced increased NF-κB DNA binding activity (Fig. 6). It is known that that increased NF-
κB DNA binding activity can result in corresponding downstream effects. To test whether
CTCF is one of these downstream events, UV irradiation-induced activation of NFκB was
suppressed by application of NFκB-specific inhibitor. Suppression of NFκB activity effectively
reversed the inhibitory effect of UV irradiation on CTCF expression and protected HCE and
ML-1 cells from UV irradiation-induced apoptosis, suggesting CTCF may be a target gene of
NFκB. The new finding of the regulatory relationship between NFκB and CTCF may explain
the contrary effects of CTCF in pro- and anti-apoptosis in various cells in response to different
stimuli because a specific set of NF-κB target genes is selectively activated or repressed based
on the nature of stimuli [35]. However, the regulatory relationship between NFκB and CTCF
and the role of CTCF in downstream events of stress-induced signaling pathways require
further investigations in future studies.

CTCF is an important multifunctional factor that regulates cell function by controlling gene
expression and by interacting with other cell signaling components. To verify the notion that
stress-induced down-regulation of CTCF is essential for eliciting apoptotic response, cellular
CTCF activity was manipulated to increase and to decrease by over-expression of CTCF and
by knockdown of CTCF mRNA, respectively. Over-expression of full-length cDNA encoding
full length CTCF effectively suppressed the effect of UV and hyper-osmotic stress-induced
apoptosis. In contrast, knockdown of CTCF mRNA using CTCF specific siRNA significantly
enhanced UV and hyper-osmotic stress-induced apoptosis. The results confirmed the effect of
UV and hyper-osmotic stress stimulation on diminishing CTCF expression, indicating that
down-regulation of CTCF in stress-induced cells is required for these cells to commit apoptosis.
Taken together, CTCF activity in HCE and hematopoietic myeloid cells is regulated by stress
stimulation. It is very likely that CTCF involves tress-induced cellular response by regulating
stress-induced alterations of immediate early gene expression. The present study provides
evidence for a new functional role of CTCF that involves regulating UV irradiation and hyper-
osmotic stress-induced apoptosis in these cells. In addition, the anti-apoptotic function of CTCF
in mediating stress-induced cellular response is consistent with previous findings that CTCF
is regulated by growth factors and cytokines, resulting in controlling cell fate.
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Figure 1.
Effect of stress stimulation on CTCF expression. (A) Time course of UV irradiation-induced
down-regulation of CTCF in HCE cells. (B) UV irradiation-induced down-regulation of CTCF
in various hematopoietic myeloid cell types. Expression of CTCF levels was detected 1 h after
the cells were exposed to UV irradiation. (C) Time course and dose-dependent response of
hyper-osmotic stress-induced down-regulation of CTCF in HCE cells. CTCF mRNA and
protein expression in HCE and hematopoietic myeloid cells were determined by Northern and
Western analysis, respectively. GAPDH and β-actin levels were measured as the loading
controls.
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Figure 2.
Effect of CTCF over-expression on UV irradiation-induced cell death. (A) Effect of over-
expressing CTCF on UV irradiation-induced caspase 3 activation in HCE cells. (B) Effect of
over-expressing CTCF on viability of HCE cells. (C) Time-dependent effect of UV irradiation
on viabilities of CTCF over-expressed and vector-transfected HCE cells. (D) Over-expression
of CTCF in transfected ML-1 cells. (E) Effect of over-expressing CTCF on UV irradiation-
induced caspase 3 activation in ML-1 cells. HCE and ML-1 cells were transfected with pcDNA
4-CTCF cDNA, or transfected with pcDNA4 vector for control experiments. Cells were
transfected for 3 days before exposure of the cells to UV irradiation. Cell survival index was
determined by MTT assays. Symbols “*’ represent the statistical significance (n=6, p<0.05)
between control and CTCF cDNA transfected cells in the presence and absence of UV
irradiation, respectively.
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Figure 3.
Effect of knocking down CTCF mRNA on UV irradiation-induced cell death. (A) Effect of
knocking down CTCF mRNA on CTCF expression in HCE cells. (B) Effect of knocking down
CTCF mRNA on UV irradiation-induced caspase 3 activation in HCE cells. (C) Effect of
knocking down CTCF mRNA on viability of UV irradiation-induced HCE cells. (D) Effect of
knocking down CTCF mRNA on CTCF mRNA and protein expression in ML-1 cells. (E)
Effect of knocking down CTCF on UV irradiation-induced caspase 3 activation in ML-1 cells.
(F) Effect of knocking down CTCF mRNA on viability of UV irradiation-induced ML-1 cells.
HCE and ML-1 cells were transfected with non-specific siRNA (for the controls) or CTCF-
specific siRNA for 3 days before performing experiments. Caspase 3 activity and cell viability
were determined by using Western analysis and MTT assay, respectively. Symbols “*’

Li and Lu Page 17

Exp Cell Res. Author manuscript; available in PMC 2009 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



represent the statistical significance (n=6, p<0.05) between control and siRNA transfected cells
in the presence and absence of UV irradiation, respectively.
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Figure 4. Effect of over-expressing CTCF on hyper-osmotic stress-induced cell death
(A) Effect of over-expressing CTCF on hyper-osmotic stress-induced caspase 3 activation in
HCE cells. (B) Effect of over-expressing CTCF on viability of hyper-osmotic stress-induced
HCE cells. HCE cells were transfected with pcDNA 4-CTCF cDNA and transfected with
pcDNA4 vector for the controls. Three days after transfection, HCE cells were exposed to 600
mOsm sorbital for 3 h. Caspase 3 activity was determined by measuring cleaved caspase 3 and
PARP fragments. Cell survival index was determined by MTT assays. Symbols “*’ and “**”
represent the statistical significance (n=6, p<0.05) between control and CTCF cNDA
transfected cells in the presence and absence of hyper-osmotic stress, respectively.
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Figure 5. Effect of knocking down CTCF on hyper-osmotic stress-induced cell death
(A) Effect of knocking down CTCF mRNA on hyper-osmotic stress-induced caspase 3
activation in HCE cells. (B) Effect of knocking down CTCF mRNA on viability of hyper-
osmotic stress-induced HCE cells. HCE cells were collected 3 days after transfection with
CTCF-specific siRNA and non-specific siRNA for the controls. Caspase 3 activity and cell
viability were determined by using Western analysis and MTT assay, respectively. Symbols
“*’ represent the statistical significance (n=6, p<0.05) between control and siRNA transfected
cells in the presence and absence of hyper-osmotic stress stimulation.
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Figure 6. Effect of inhibiting NFκB on UV-induced CTCF expression and apoptosis
(A) Detection of UV irradiation-induced NFκB activation. The nuclear extracts from HCE cells
were used in EMSA and unlabeled nucleotides of NFκB and other control probes were used
in competitive experiments. (B) Effect of inhibiting NFκB on UV irradiation-induced decline
of CTCF expression in HCE and ML-1 cells. (C) Effect of inhibiting NFκB on viabilities of
UV irradiation-induced HCE and ML-1 cells. Cell viability was detected by MTT assays.
Symbols “*’ and “**” represent the statistical significance (n=6, p<0.05) between control and
UV irradiation-induced HCE and ML-1 cells in the absence and presence of PDTC,
respectively.
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