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Abstract
Pancreatic islet α-cell development and glucagon production are mainly regulated by Pax6 in the
homeobox gene families. However, the molecular mechanism fine-tuning the regulation of these
events in α-cell still remains unclear. In ocular cells, Pax6 transcription is regulated by CTCF
through its binding to specific sites in Pax6 promoter. In this study, CTCF-mediated regulations of
islet α-cell development and glucagon production were investigated in both CTCF transgenic mice
and α-TC-1-6 cells. Over-expression of CTCF in transgenic mice affected development of
pancreatic islets by significantly suppressing α-cell population in both embryonic and adult
pancreases. The effect of CTCF on Pax6 gene expression and subsequently, on pro-glucagon
production was however, examined in pancreatic islet α-cells. Over-expression and knock-down
of CTCF directly affected Pax6 expression. More importantly, the CTCF binding sites upstream
from Pax6 p0 promoter were required for regulating p0 promoter activity in islet α-cells.
Stimulation of α-cells with insulin resulted in a significant increase in CTCF expression and a
decrease in Pax6 expression, and consequently suppressed pro-glucagon expression. In contrast,
these insulin-induced effects were blocked by knockdown of CTCF mRNA with specific siRNA
in α-cells. Altogether, our results demonstrated for the first time that CTCF functions as a switch-
like molecule between the insulin signaling and the regulations of Pax6 and glucagon expression
in pancreatic islet α-cells.
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Introduction
Glucagon and insulin, two of the most important pancreatic hormones secreted by α- and β-
cells located in the islet of Langerhans, are essential for maintenance of glucose
homeostasis. They provide opposing effects on controlling the level of blood glucose, one of
the most complex endocrine systems in human body [1, 2]. Many immerging evidences
support the idea that insulin inhibits glucagon gene transcription and secretion in α-cells
[3-10]. Lots of signaling pathways downstream from the insulin receptor were proven to
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involve gene regulation directed by insulin [11-19]. Among these, PI3 Kinase/PKB pathway
is a well-known example that is required for the regulation of glucagon expression [20].
Despite so much data has been published, the molecular mechanism involving glucagon
expression in islet α-cells is still, however, not fully understood.

Development and function of pancreatic islet α and β cells are regulated by several
transcription factors [21-23]. One of these transcription factors is the homeobox gene
product Pax6 (p46), which is initially found in pancreatic progenitor cells. Following
pancreatic development, Pax6 is found in all pancreatic endocrine cells and concomitant
with the onset of hormone production [24]. Small eye (SEYNeu) mutant mice exhibit
markedly reduced numbers of islet α-cells, providing evidence that Pax6 is essential for the
formation of the pancreatic α-cell lineage [21-23]. Therefore, Pax6 is suggested to play an
important role for directional differentiation of pancreatic progenitor cells to islet α-cells
[25]. Furthermore, in a developed pancreas, SEYNeu mutant mice result a decreased
production of pancreatic glucagon, suggesting that Pax6 also regulates α-cell endocrine
function. The promoter region of the pro-glucagon gene contains 4 cis-acting elements (G1
to G4) that interact with specific transcription factors [26, 27]. G2, G3 and G4 confer as
binding sites for islet-specific factors, while G1 element restricts to pro-glucagon specific
gene expression in α-cells [28, 29]. As a major transcription factor for insulin-mediated
inhibition of glucagon gene, Pax6 binds to the G1 and G3 elements and trans-activates the
pro-glucagon gene expression [30] [31].

Two tissue-specific promoters, p0 and p1, are utilized to regulate the Pax6 transcription.
However, p0 is the sole promoter responsible for the Pax6 expression in the eyes and
pancreas. Pax6 p0 promoter activity is negatively controlled by a CCCTC binding factor,
CTCF. This protein is an evolutionarily conserved and ubiquitously expressed zinc finger
protein [32, 33]. It plays roles in many epigenetic regulations of gene expression [34-36].
CTCF functions as an insulator such as controling IGF-2 and H19 imprinting through a
DNA methylation-sensitive mechanism [37-39]. It binds to many promoters in the human
genome to regulate gene transcriptions, and consequently controls activities of many vital
regulators for differentiation, cellular senescence, cell cycle control and progression [32, 45,
46]. More recent studies have revealed that CTCF is involved in cancer cell proliferation,
tumor suppression, and apoptosis [40-43]. Human CTCF gene possesses a 4.1kb mRNA and
a long open reading frame (~2.2 kb) encoding 728 amino acids with a predicted molecular
weight (MW) of 82 kDa [44]. Previously, our lab has demonstrated that CTCF negatively
regulates Pax6 promoter activity by interacting with a repressor located between ectoderm
enhancer (EE) and the Pax6 p0 promoter [47, 48]. CTCF is regulated by EGF and insulin
through activation of ERK and AKT signaling cascades [49]. Furthermore, over-expression
of CTCF in transgenic mice results in a small eye phenotype that is similar to SEYNeu mice
of which Pax6 was mutated [47].

In the present study, we report that pancreatic islet α-cell development and glucagon
production were affected by overexpression of CTCF in transgenic mice. Glucagon
production and its responses to insulin were also regulated by alterations of CTCF
expression in pancreatic islet α cells. In these cells, CTCF was up-regulated by insulin to
inhibit Pax6 expression through interaction with the Pax6 P0 promoter. In conclusion,
insulin-induced increase and decrease in CTCF expression in α cells resulted in down- and
up-regulation of Pax6 and glucagon production, respectively.
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Materials and Methods
CTCF transgenic mice preparation

Full-length cDNA encoding human CTCF was subcloned into pcDNA4-to-A expression
vector containing a CMV promoter (pcDNA4-CTCF, Invitrogen, CA). Fertilized eggs from
B6 donor mice were injected with a linearized Mul1 and Not1 fragment using a micro
dispenser. There were total of 4 CTCF transgenic mouse lines generated for the study. Some
littermates injected with pcDNA4-to-A vector only were used as controls. Injected eggs
were cultured in vitro for 2 days before they were transplanted into the ovarian duct of
maternal recipient mice. Embryos were collected from the uterus at day 14. The genotypes
of CTCF transgenic mice were confirmed by genomic screenings with a PCR-based
procedure. The wildtype siblings from the same litter were used as controls. The
experimental procedures performed in this study were in compliance with the NIH Guide for
the Care and Use of Laboratory Animals and were approved by the Animal Use Committee
at the Los Angeles Biomedical Research Institute's at Harbor-UCLA. The animal facility is
fully accredited by the Association for Assessment and Accreditation of Laboratory Animal
Care (AAALAC).

Preparation of pancreatic tissue sections
Pancreatic tissues collected from both mouse embryos and adult mice were fixed with 4%
paraformadehyde in PBS and embedded in paraffin blocks as described in Current Protocols
in Molecular Biology. Briefly, pancreatic samples were dehydrated by a serial incubation in
50%, 70%, 85%, 95% and 100% ethanol (30 min for each concentration). After dehydration,
tissues were incubated in xylene for 1 h. All samples were transferred into xylene/paraffin
(50/50) blocks overnight before tissue samples were individually embedded in wax-blocks
for processing to thick sections (6.0 μm).

Immunohistochemistry
Tissue sections were membrane-permeated by treatment with 10 mM sodium citrate solution
(pH 6.0) for 5 min at 95 °C. Tissue sections were transferred into 0.03% H2O2 solution for
20 min to deactivate endogenous peroxidase followed by 1 h incubation in 10% normal
horse serum (NHS) in PBS at 22 °C. For immunostaining experiments, tissue samples were
incubated overnight at 4 °C with primary antibodies including IgGs of anti-insulin (1:500,
Santa Cruz, CA), anti-glucagon (1:500, Santa Cruz), anti-CTCF (1:200, UpState) and anti-
Pax6 (1:200, Covence). After rinsing with PBS, biotin-conjugated secondary antibody
(1:100, Santa Cruz) was applied for 1 h at 22 °C. Positively stained cells in tissue sections
were visualized by using an ABC kit (Santa Cruz) and an Olympus Fluoview microscope.
Cell numbers in pancreatic islet sections were quantified per mm2 by measuring two longer
axes and two shorter axes of each islet. Areas of islets were calculated using an equation of:
area (mm2) = (islet radius)2 × π. The islet radius was determined by: long axes 1 + long axes
2 + short axes 1 + short axes 2)/(4 × 2.2). Glucagon-positive α cells in each islet were
counted and normalized by islet areas (mm2). At least ten islets per section and three
sections from each pancreas were counted.

Cell culture and transfection
Mouse pancreatic α-TC-1-6 cell line was cultured in RPMI-1640 medium supplemented
with 10% FBS in a humidified incubator with 5% CO2 at 37 °C. Cells were synchronized by
serum-starvation for at least 24 hr prior to various treatments as indicated. Gene-specific
expression vectors and promoter-containing lacZ vectors were introduced into α-cells by
transfection using a Lipofectin kit (Invitrogen, CA) as instructed by manufacture. For CTCF
knocking down experiments, 25 nM CTCF-specific siRNA and 12 μL transfection reagent
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(HiPerFect; H301705; Qiagen) in 100 μL culture medium without serum. Transfection
complexes in the mixture were formed after 10 minutes of incubation at room temperature.
The mixture was evenly and slowly dropped into cultured cells. Transfected cells were
cultured under normal growth conditions for 48 to 84 hours before the experiments. Control
cells were transfected with nonsilencing siRNA using the method described above.

Western blot analysis
Cells (5×105) were treated as indicated and harvested in 0.5 ml lysing buffer which contains
137mM NaCl, 1.5mM MgCl2, 2mM EDTA, 10mM Na-pyrophosphate, 25mM β-
glycerophosphate, 10% glycerol, 1% Triton X-100, 1mM Naorthovanadate, 1mM
phenylmethylsulfonyl fluoride, and 20mM Tris, pH 7.5. Cell lysates were pre-cleared by
centrifugation at 13,000xg, 4C for 20 min and boiled in sample buffer. Equal amounts of the
protein samples were fractionated by electrophoresis with 7% and 15% SDS-PAGE gels.
The fractionated proteins were transferred onto PDF membranes, probed with primary
antibodies against pro-glucagon, CTCF and Pax6 (Santa Cruz Biotechnology, Santa Cruz,
CA). HRP-conjugated secondary antibodies were applied at 1:1000 dilution and targeted
protein bands were visualized using Western blotting Luminol Reagent (Santa Cruz
Biotechnology, CA).

RNA purification and RT-qPCR
Cells were treated with insulin for periods of time as indicated and harvested. Total RNA
was purified by Trizol reagent (Bio-Rad) and treated with RNase-free DNaseI to remove
contaminated DNAs before being reverse-transcribed into cDNA with MMLv RT kit
(Promega). qPCR was performed by combining cDNA with mouse primer sets for CTCF,
Pax6 and Pro-glucagon and Taq polymerase mix from Applied Biosystem, Inc. The
experiments were performed multiple times and each set of data was represented as a mean
of all the experiments +/− SE.

β-galactosidase assay for Pax6 promoter activity
Pax6 P0 promoter and its deletion mutant constructs were transfected into α-cells with either
the control or CTCF over-expression plasmid. Cells were harvested 48 h after transfection
by rinsing two times with ice-cold PBS and suspended in lysis buffer containing 100 mM
potassium phosphate buffer with 1 mM dithiothreitol, pH 7.8. Cell lysates were pre-cleared
by centrifugation at 13,000×g for 5 min and the supernatants were incubated with a
chemiluminescent substrate, galacton-star (invitrogen, CA) to determine β-galactosidase
activity by a luminometer. pBRL-TK was co-transfected into the cells and served as an
internal control to normalize the Pax6 P0 reporter lacZ activity. The leuciferase activity for
internal controls was measured by using a Dual-Luciferase reporter assay system (Promega,
CA). The experiments were performed at least 3 times and each set of data was plotted as a
mean of all experiments +/− SE. Significant differences between the control groups and
experimental groups were determined by One-way ANOVA and Student's t test at p<0.05.

Results
Effect of CTCF overexpression on islet cell development and α-cell population in adult
mice

Fourteen-day (E14) mouse embryonic samples were obtained from the wildtype and the
sibling CTCF transgenic animals in the same litter. The transgene encoding CTCF in mouse
tissues were verified by PCR detection. There was no morphological defects observed in
pancreatic islets during embryonic developments observed from Homatoxylin-Errosin (H-
E)-stained tissue sections (data not shown). However, immunostaining using the specific
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antibody against proglucagon showed glucagon-positive α cells in pancreatic islets only in
wildtype mice instead of CTCF transgenic mice (Fig. 1A). In addition, pancreatic sections
were also stained with specific antibody against insulin. It showed a normal expression level
of insulin-positive β cells in pancreatic islets of both wildtype and CTCF transgenic mice
(Fig. 1B). These data suggest that over-expression of CTCF transgene in mice results in
suppression of glucagon-positive α cells without affecting insulin-positive β cells in
developmental pancreatic islets. Furthermore, pancreatic tissue sections of 5-6 week-old
mice were examined by immunostaining with both anti-proglucagon and anti-insulin
antibodies. Positively stained islet cells were counted in each section under a microscope.
We found that there was no difference in pancreatic islet β cell population between wild-
type and CTCF transgenic mice (data not shown). However, numbers of glucagon-staining
positive α cells surrounded at edges of islets were markedly decreased in CTCF transgenic
mice compared with its wildtype counterpart (Fig. 1C). The population of α cells was
calculated from 10 islets in each slide section and at least 3 sections from each animal. After
comparing 20 wildtype and 15 CTCF transgenic mice in isolated pancreatic tissues, we
found that the population of islet α cells was significantly decreased from 35.6±4 ×1000/
mm2 in the pancreas of wildtype mouse to 20.7±5 ×1000/mm2 (approximately 42%) in the
pancreas of CTCF transgenic mouse (Fig. 1D). These results suggest that CTCF plays an
important role in the development of pancreatic islet α cells.

Effect of altered CTCF levels on Pax6 expression in islet α-cells
Pax6 plays key roles in the control of pancreatic islet α cell development and glucagon
production and is regulated by CTCF through transcription control. To explore the roles of
CTCF in the regulation of islet α-cell function mediated through Pax6, mouse pancreatic
islet α-cell line was used to detect cellular Pax6 expression in CTCF-altered states. Western
blot analysis showed that transfection of CTCF over-expression construct increased CTCF
protein level in α-cells and significantly down-regulated the endogenous Pax6 protein level
at 48 and 72 hours after over-expressing CTCF (Fig. 2A&C). In contrast, knockdown of
CTCF with CTCF-specific siRNA resulted in a decreased CTCF protein level, and
significantly up-regulated Pax6 expression within 48 to 72 hrs after knocking down the
CTCF (Fig. 2B&D).

Effect of CTCF on Pax6 promoter activity in islet α-cells
The promoter activity of Pax6 was studied in α-cells by transfecting the cells with a Pax6
P4.2 reporter construct (wild type) and two mutants of the reporter constructs, P1.2 and
Pxba. P1.2 contains upstream EE and CTCF-binding motif deletion and Pxba has a defined
CTCF-binding motif deletion (Fig. 3A). In addition, α-cells were co-transfected with
pcDNA4-hCTCF construct expressing full-length CTCF. The pcDNA4 vector alone was
included in the other group of α-cells as a control experiment. Over-expression of CTCF
resulted in significant decrease in Pax6P4.2 reporter activity, but it did not affect reporter
activities of P1.2 and Pxba deletion mutants that lack CTCF binding domain located at 1.1
kb upstream from Pax6 p0 promoter (Fig. 3B). Therefore, our data indicate that CTCF plays
a functional role in control of Pax6 expression at transcriptional level in pancreatic islet α-
cells.

Effect of insulin-induced CTCF up-regulation on Pax6 expression
Under normal physiological conditions, glucose stimulates insulin secretion from β-cells;
and insulin suppresses the release of glucagon from α-cells in pancreatic islets. It has been
shown that pancreatic islets require insulin prior to responding to glucose deprivation for
releasing glucagon [51-53]. To study the time course of the direct effect of insulin,
pancreatic islet α-cells were treated with 20 μg/ml of insulin for periods of time as indicated
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(Fig. 4A). After insulin treatment for 1 hour, the CTCF expression level was increased 2-
time higher, and reached the peak level (4-fold higher) in 3 hours. On the other hand, the
expression of Pax6 was decreased in 3 hours after the insulin treatment (Fig. 4B). In insulin
dose-response studies, application of 2.5 to 5.0 μg/ml insulin onto α-cells stimulated a subtle
increase in CTCF expression, and a peak expression level of CTCF was obtained by 10 μg/
ml. In addition, application of insulin induced a significant suppression of Pax6 expression
at a dosage of 5 and 10 μg/ml insulin (Fig. 4C and 4D). The data suggested that there was a
closely reciprocal relationship between CTCF and Pax6 expression levels in insulin-induced
α-cells following dose- and time- dependent patterns. To eliminate the possible effects of
glucose variations in growth media on CTCF and Pax6expression, different concentrations
of glucose were applied to α-cells. We found that neither the physiological concentration of
glucose in the growth media nor non-physiologically higher glucose concentrations (up to
18g/L) would affect CTCF or Pax6 expression (data not shown). This result indicated that
glucose concentrations used in this experiment doesn't have any effect on CTCF and Pax6
expression in pancreatic islet α-cells. The finding reveals that insulin up-regulates CTCF
expression and in parallel to suppress Pax6 expression, which is consistent with the results
from manipulating CTCF level shown in the previous figures in these cells.

Effect of insulin on CTCF, Pax6 and proglucagon mRNA expressions
Steady-state RNA levels in islet α-cells after the treatment of insulin were determined by
quantitative real-time PCR (RT-qPCR) (Fig. 5). The CTCF mRNA level was increased
approximately 4 folds after the treatment of the cells with insulin for 3 hours (Fig. 5A). On
the other hand, both Pax6 and pro-glucagon mRNA levels were decreased along with insulin
treatments (Fig. 5B & 5C). The results suggested that up-regulation of CTCF and down-
regulation of Pax6 and glucagon in α-cells by insulin were proven to be evident at the RNA
level.

Effect of knocking down CTCF or Pax6 on insulin-suppressed glucagon production
Next, we examined whether the inhibitory effect of insulin on production of pro-glucagon is
mediated by a mechanism involving CTCF-regulated Pax6 activity. It has been known from
previous studies that activation of PI3 kinase/PKB pathway has been shown to down-
regulate Pax6 activity and eventually, suppress the promoter activity of glucagon [20].
However, little is known about the connection between this signaling pathway and Pax6 that
regulates glucagon production in α-cells. We have demonstrated that insulin induced an
increase in CTCF level, and later resulted in suppression of Pax6 expression. Pax6 promoter
activity is sensitive to the level of CTCF only if the CTCF binding sites are present. To
further verify the effect of insulin-activated CTCF on suppressing Pax6 and glucagon
production, CTCF was knocked down in α-cells by transfecting cells with CTCF-specific
siRNA. Diminished CTCF effectively abolished the effect of insulin on suppression of Pax6
expression and insulin-induced suppression of proglucagon production (Fig. 6A&B). The
effect of Pax6 on glucagon production was also verified by knocking down Pax6 mRNA by
transfecting α-cells with CTCF-specific siRNA. Suprression of Pax6 expression by
knockdown of Pax6 mRNA effectively reduced pro-glucagon production (Fig. 6C&D).
Thees results demonstrate that CTCF plays a crucial role in mediating insulin-induced
down-regulation of Pax6 expression, and subsequently suppresses glucagon synthesis.

Discussion
Glucagon and insulin are produced in pancreatic islet by α and β cells, respectively. They
are essential for maintenances of the glucose homeostasis. Previous studies showed that
glucagon production is regulated by Pax6 at transcriptional level [25, 54, 55]. However, the
molecular mechanism of Pax6 regulation in pancreatic islet α-cells is still unknown. There is
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a consistently reciprocal relationship in the expression pattern between CTCF and Pax6
found in many cells. In the present study, we report that CTCF functioned as a switch-like
molecule upon insulin stimulation to negatively regulate Pax6 expression, and consequently
gave rise to a less proglucagon production by pancreatic islet α-cells. The regulatory
relationship in α-cells was predominately at transcriptional level as CTCF manipulate Pax6
promoter through its up-stream binding motifs (Fig. 3). This is consistent with the previous
finding that CTCF binds to a pivotal cis-acting regulatory DNA element on Pax6 promoter
and down-regulates Pax6 by blocking the communication between the ectoderm enhancer
(EE) and Pax6 p0 promoter [37, 47, 56].

Furthermore, the expression of CTCF in α-cells is proven to be regulated by insulin, which
is similar to the previous findings that CTCF expression is mediated by epidermal growth
factor- and insulin-induced Erk and PI3K/PKB activation in corneal epithelial and
hematopoietic myeloid cells [50, 57]. A publication showed that the activation of PI3-
kinase/PKB pathway is essential to the glucagon synthesis in islet α-cells [20]. Activation of
PKB by insulin in α-cells is also observed in our lab (data not shown). Thus, it needs further
studies to understand if there is a relationship between upstream PI3K/PKB pathway and
downstream regulation of CTCF, Pax6, and glucagon expressions by insulin in islet α-cells.
Diao, et al. reported that low concentration of glucose up-regulates glucagon secretion in
pancreatic a cells [9]. In our study in the physiological condition, the glucose concentration
in the growth medium is 10 times higher than the glucose concentration that they have used
to observe both the insulin and glucagon effects. We have also performed control
experiments in very high glucose concentrations. Our result showed that changes of the
glucagon level in α-cells were independent to the tested glucose concentrations presented in
the growth media.

In the present study, a mouse model with over-expressed CTCF affected pancreatic islet
development by suppressing pro-glucagon-positive α cells (Fig 1). This result further
emphasizes that there must be a physiological role for CTCF to play in pancreatic α-cell
function and glucagon production. An insulin-induced increase in CTCF or over-expressing
CTCF in α-cells effectively suppresses Pax6 expression, resulting in decreased productions
of glucagon. These results suggest that there is an insulin-induced feedback mechanism for
regulation of glucagon production. In diabetic condition, some patients suffer from
hyperglycemia resulting from hyperglucagonemia. This elevated glucagon level may be
possible due to the abnormal level of insulin, which is required for inhibition of the
glucagon synthesis and secretion. Therefore, to understand clearly the mechanism of
glucagon regulation in α-cells may bring insights to help control of diabetes. Thus, we
believe that it is very likely insulin-induced suppression of glucagon production mediated
through CTCF may have important physiological and pathological implications that can be
served for therapeutic purpose.
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Figure 1. Effect of over-expressing CTCF on mouse islet α cell development
(A) Immunostaining of pro-glucagon-containing cells in pancreatic islets. (B)
Immunostaining of insulin-containing cells in pancreatic islets. Tissue sections were
prepared from embryonic pancreases of sibling wild-type and CTCF transgenic mice at day
14 (E14). Pancreatic tissues were stained with anti-glucagon and anti-insulin antibodies. (C)
Identification of pro-glucagon-positive α cells in pancreatic islets of adult mice by
immunostaining with anti-glucagon antibodies. (D) Comparison of α cell populations in
pancreatic islets of sibling wildtype and CTCF transgenic mice. Cell numbers were
quantified by measuring pro-glucagon-positive cells per mm2. Pancreatic tissue sections
were prepared from 4-5 months old wildtype and CTCF transgenic mice. Symbol “*”
represents a significant difference (p<0.05, n=15).
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Figure 2. Effects of altered CTCF levels on Pax6 expression in islet α cells
(A) Effect of CTCF over-expression on the suppression of Pax6 expression. (B) Effect of
knocking down CTCF on Pax6 expression. (C) Statistical analysis of suppressing Pax6
expression by over-expression of CTCF. (D) Statistical analysis of knocking down CTCF
affecting Pax6 expression. Pancreatic α-cells were transfected with cDNA encoding full-
length CTCF and siRNA specific to CTCF to over-express CTCF and to knock down CTCF,
respectively. Cells were lysed and CTCF and Pax6 expression levels were analyzed by
Western blots. All of the bar-graphs on the right depict the densitometry analysis of the
corresponding bands on the figures. Band intensity was normalized against its internal
control β-actin band. Symbol “*” represents a significant difference (p<0.05, n=4).
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Figure 3. Effect of over-expressed CTCF on Pax6 promoter activity in islet α-cells
(A) Wild-type (P4.2) and its deletion mutants (P1.2 and Pxba) of Pax6 P0 promoter reporter
constructs are diagramed schematically on the left. (B) Over-expressed CTCF decreased the
Pax6 P0 promoter activity only in the presence of an intact up-stream CTCF binding site.
Pax6 P0 promoter reporter (P4.2) and its deletion mutants (P1.2 and Pxba) that lack the
CTCF binding region were co-transfected with pcDNA4-CTCF into α-cells by lipofections.
The pcDNA4 vector was transfected into α-cells to replace pcDNA4-CTCF as a negative
control. The pRL-TK vector was included in all the transfections as internal controls. β-
galactosidase and leuciferase activities were determined 48 h after transfection. β-
galactosidase activities were normalized to those of the RL luciferase as a transfection
efficiency control and are shown on the right. Data represent the mean of at least 2
independent experiments. Symbol “*” indicates significant difference between CTCF over-
expression and the vector-transfected control cells (p<0.05, n= 4).
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Figure 4. Effect of insulin on CTCF and Pax6 expression in pancreatic islet α cells
(A) Time course experiment of insulin-induced changes in the expressions of CTCF and
Pax6. (B) Statistic analysis of insulin-induced CTCF and Pax6 expression following a time
course. (C) Dose effect of insulin on CTCF and Pax6 expression. (D) Statistic analysis of
various insulin dosage-induced changes of CTCF and Pax6 expression. Islet α-cells were
starved and treated with insulin at different time points or grown in media with different
concentrations of insulin as indicated. Cells were lysed and proteins were solubilized in
sample buffer before fractionated onto a SDS-PAGE. Western blots were performed. Bar
graphs on the right depict the densitometry analysis of the corresponding bands on the
figures. Band intensity was normalized against its internal control α-actin band. Symbol “*”
indicates significant difference between insulin-induced and mock-induced α-cells (p<0.05,
n= 3)
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Figure 5. Effect of insulin on steady-state mRNA levels of CTCF, Pax6 and pro-glucagon in
pancreatic islet α cells
(A) Steady-state mRNA level of CTCF. (B) Steady-state mRNA level of Pax6. (C) Steady-
state mRNA level of pro-glucagon. Islet α-cells were starved and treated with insulin (5μg/
ml) for different periods of time as indicated. Cells were lysed and RNAs were purified with
Trizol. Reverse-transcription was performed and cDNAs were used for qPCR with primer
sets for CTCF, Pax6 and pro-glucagon. Symbol “*” represents significant differences in the
absence and presence of insulin stimulation (p<0.05, n=6).
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Figure 6. Effect of knocking down CTCF or Pax6 on insulin-induced suppression of pro-
glucagon production
(A) Effect of knocking down CTCF on insulin-induced suppression of Pax6 expression and
pro-glucagon production. (B) Statistical analysis of knocking down CTCF affecting insulin-
induced suppression of Pax6 expression and pro-glucagon production. (C) Effect of
knocking down Pax6 on pro-glucagon expression. (D) Statistical analysis of knocking down
Pax6 affecting pro-glucagon expression. CTCF or Pax6 specific siRNA and control siRNA
were transfected into α-cells by lipofection, and the cells were treated with insulin and
collected 48 h after transfection. CTCF, Pax6 and pro-glucagon expressions in α-cells were
detected by Western analysis. Symbols “*” and “**” represent significant differences in the
absence and presence of insulin in CTCF or Pax6 siRNA-knocking down cells (p<0.05,
n=3).
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