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Abstract
This study characterized the expression and subcellular localization of the IGF-1R in human
corneal epithelial cells. Using a human telomerase-immortalized corneal epithelial cell line,
IGF-1R expression and localization was assayed by immunofluorescence and subcellular
fractionation followed by western blot. IGF-1R expression was confirmed in primary cultured
human corneal epithelial cells. Nuclear localization was assessed under basal and IGF-1
stimulated culture conditions; phosphorylation status of the receptor in response to IGF-1 was
demonstrated by western blot. IGF-1R:E-cadherin interactions were detected by
immunofluorescence and co-immunoprecipitation of whole cell lysates. The results of this study
demonstrated that IGF-1R localized predominantly to the nucleus and in a perinuclear cap pattern
which co-localized with the Golgi complex in proliferating corneal epithelial cells. There was no
difference in nuclear localization between primary or telomerized cell lines. Subcellular
fractionation confirmed IGF-1Rα- and β-subunit localization in soluble and chromatin-bound
nuclear fractions. Neither growth factor withdrawal nor IGF-1 stimulation altered nuclear IGF-1R.
At points of cell-cell contact, IGF-1R co-localized with E-cadherin; co-immunoprecipitation
assays confirmed the presence of an IGF-1R:E-cadherin complex. Importantly, this is the first
report to identify IGF-1R in the nucleus and complexed with E-cadherin at points of cell-cell
contact in corneal epithelial cells. Nuclear trafficking appeared to be independent of ligand-
mediated events at the plasma membrane. The identification of IGF-1R in the nucleus and
complexed with E-cadherin suggests novel regulatory functions outside the canonical ligand-
induced endocytosis signaling pathway.

Keywords
cornea; epithelium; IGF-1R; E-cadherin

Introduction
The insulin-like growth factor-1 receptor (IGF-1R) is a transmembrane receptor tyrosine
kinase with well established regulatory roles in cellular proliferation, differentiation and
survival (O'Connor et al., 2000; Valentinis and Baserga, 2001; Vincent and Feldman, 2002;
Werner and LeRoith, 1996). Initially translated as a pro-receptor, the IGF-1R is cleaved in
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the trans-Golgi complex and is later re-assembled into a tetrameric complex consisting of
two α-subunits and two β-subunits prior to insertion in the plasma membrane (LeRoith et al.,
1995). The α-subunit, which is entirely extracellular, contains a cysteine-rich domain which
functions to mediate ligand binding. Both insulin-like growth factor (IGF)-1 and IGF-II have
a relatively high affinity for the α-subunit; unlike insulin which has little capacity to activate
the IGF-1R (Nakamura et al., 2000; Steele-Perkins et al., 1988). The smaller of the two
subunits, the β-subunit spans the plasma membrane and contains an intracellular activation
loop with three tyrosine residues responsible for regulating kinase activity, a C-terminal
domain which has recently been shown to mediate proteasomal-degradation, and multiple
docking sites for cytoplasmic proteins (O'Connor et al., 1997; Sehat et al., 2007).

Trans-phosphorylation of IGF-1R β-subunits occurs following ligand binding, resulting in
the recruitment of cytoplasmic docking proteins and downstream effector molecules and
subsequent activation of canonical signaling pathways including AKT and/or mitogen
activated protein kinase (MAPK) (Adams et al., 2004). Receptor internalization has been
shown to be mediated by both clathrin and caveolin-mediated endocytic trafficking (Huo et
al., 2003; Salani et al., 2010). Once internalized, the IGF-1R traffics to the recycling
endosome where it is recycled and shuttled back to the cell surface for re-stimulation and
signal amplification or proceeds to the late endosome where it undergoes lysosomal
degradation, thus mediating signal attenuation (Romanelli et al., 2007). More recently,
IGF-1 has been shown to induce ligand-dependent nuclear translocation of the IGF-1R
following serum starvation (Sehat et al., 2010). While the IGF-1R does not possess a nuclear
localization sequence, the exact mechanism by which IGF-1R traffics to the nucleus is
unknown.

In addition to localizing to the nucleus, growth factor receptors, including the IGF-1R, have
also been reported to complex with E-cadherin. E-cadherin, a transmembrane glycoprotein,
mediates cell-cell adhesion via calcium-dependent homotypic binding and has functional
roles in many morphogenetic processes (Takeichi, 1990). The loss of E-cadherin
intracellular junctions can disrupt normal differentiation programs and is clinically
associated with epithelial mesenchymal transition and tumor invasion (Thiery, 2002).
Studies investigating the significance of these growth factor receptor:E-cadherin interactions
however, indicate both positive and negative regulation of receptor tyrosine kinases by E-
cadherin, which are likely cell type and culture condition specific (Pece and Gutkind, 2000;
Qian et al., 2004; Takahashi and Suzuki, 1996). The presence and biological significance of
a growth factor receptor complexed with E-cadherin in the corneal epithelium has not been
previously established.

The IGF-1R was first characterized in primary cultured rabbit corneal epithelial cells using
ligand binding assays (Nakamura et al., 2000). Later studies investigated expression in the
human corneal epithelium in situ, where the IGF-1R was shown to localize to both the
cytosol and plasma membrane; however, a nuclear role for IGF-1R in the cornea has not yet
been reported (Rocha et al., 2002). Moreover, relatively little is known about the biological
significance of IGF-1R in corneal epithelial development and in maintenance of normal
homeostatic renewal. In the current study, we examined the expression and localization of
the IGF-1R in a human corneal epithelial cell line and in primary cultured human corneal
epithelial cells. Importantly, we have shown that IGF-1R localizes to the nucleus of corneal
epithelial cells and is associated with nuclear chromatin. We have further identified the
presence of IGF-1R complexed with E-cadherin at points of cell-cell contact in non-
differentiated cells. Collectively these findings suggest important new regulatory pathways
for IGF-1R in the corneal epithelium.
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Materials & Methods
Cell culture

Human telomerized corneal epithelial cells (hTCEpi) were initially isolated and thereafter
routinely maintained in serum-free keratinocyte growth media (KGM-2, Lonza,
Walkersville, MD) containing 0.15 mM calcium and supplemented with 0.4% bovine
pituitary extract, 0.1% human epidermal growth factor, 0.1% insulin, 0.1% hydrocortisone,
0.1% transferrin, 0.1% epinephrine and 0.1% gentamicin sulfate amphotericin B as
previously described (Robertson et al., 2005). Cells were subcultured on T75 tissue culture
flasks (Falcon Labware; BD Biosciences, Bedford, MA), incubated at 37°C in 5% CO2. and
passaged every 5 to 7 days. For basal conditions and prior to IGF-1 stimulation, cells were
incubated for the indicated amount of time in serum-free keratinocyte basal media
containing 0.15 mM calcium without supplements. To investigate ligand-activation of the
IGF-1R, cells were stimulated with 100 ng/ml recombinant human IGF-1 (BioVision,
Mountain View, CA). For primary cultures (HCEC), human eye bank corneas (Tissue
Transplant Services, UT Southwestern Medical Center, Dallas, TX) were digested in dispase
(Invitrogen, Carlsbad, CA) overnight at 4°C. Intact epithelial cell sheets were carefully
removed and underwent a second digestion in dispase for 2 hours at 37°C. Individual cells
were separated by gentle pipetting and seeded onto plastic tissue culture dishes coated with
Type 4 collagen (Biocoat, BD Biosciences, San Jose, CA). Cells were cultured in CnT20
cell culture media enriched for progenitor cell culture (Zen Bio, Research Triangle Park,
NC).

Antibodies
The following antibodies were used: a rabbit polyclonal anti-IGF-1Rβ (Cell Signaling,
Danvers, MA), a rabbit polyclonal anti-IGF-1Rβ (Santa Cruz Biotechnology, Santa Cruz,
CA), a mouse monoclonal anti-IGF-1Rα (Abcam, Cambridge, MA), a mouse monoclonal
anti-E-cadherin (Sino Biological, Beijing, China), a rabbit monoclonal anti-tyrosine 1135
IGF-1Rβ (Cell signaling, Danvers, MA), a mouse monoclonal anti-GM130 (BD
Transduction Laboratories, Franklin Lakes, NJ), a mouse monoclonal anti-calnexin
(Millipore, Temecula, CA), a rabbit polyclonal anti-HDAC2 (Sigma, St. Louis, MO), a
rabbit polyclonal anti-GADPH (Santa Cruz Biotechnology, Santa Cruz, CA), a rabbit
polyclonal anti-SP1 (Millipore, Temecula, CA), a rabbit monoclonal anti-histone H3 (Cell
Signaling, Danvers, MA), a pan-cytokeratin clone AE3 (Biogenesis, Kingston, NH), a rabbit
polyclonal anti-E-cadherin (Cell signaling, Danvers, MA), a mouse monoclonal anti-β-actin
(Sigma, St. Louis, MO), and a rabbit IgG (Santa Cruz Biotechnology, Santa Cruz, CA). A
commercially available blocking peptide was used to confirm specificity of the IGF-1Rβ
polyclonal antibody used for immunofluorescence (Cell Signaling, Danvers, MA).

Immunofluorescence
For immunofluorescent studies, cells were seeded onto glass coverslips and allowed to
adhere overnight. Cells were fixed in 4% paraformaldehyde (Electron Microscopy Sciences,
Fort Washington, PA) in phosphate buffered saline (PBS) and permeabilized in 0.2% Triton
X-100. Cells were blocked using 0.5% bovine serum albumin (Sigma, St. Louis, MO) and
incubated in primary antibody overnight. Samples were subsequently washed in PBS and
stained with an Alexa Fluor 488 or 555 secondary antibody (Cell Signaling, Danvers, MA)
for one hour at room temperature. Nuclei were counterstained with DRAQ5 (Cell Signaling,
Danvers, MA). F-actin was labeled using alexa-fluor 543 phalloidin (Invitrogen, Carlsbad,
CA). All samples were mounted on slides using Prolong gold antifade reagent (Invitrogen,
Carlsbad, CA) and imaged on a Leica SP2 laser scanning confocal microscope (Leica
Microsystems, Heidelberg, Germany) using a 63× water objective. All images were
sequentially scanned to avoid spectral crosstalk between channels.
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Subcellular fractionation
Cellular fractions were separated using a protein subcellular fractionation kit (Thermo
Fisher, Rockford, IL) according to manufacturer instructions. Briefly, cells were harvested
using trypsin-EDTA and subsequently washed with chilled PBS. Proteins were extracted
from individual fractions using respective buffers, followed by centrifugation. Protein
concentration was determined using a Bradford assay (BioRad, Hercules, CA). 50 µg of
protein was loaded per lane for each fraction. Individual fractions were electrophoresed
through a 4–15% precast linear gradient polyacrylamide gel (BioRad, Hercules, CA) and
immunblotted as described below. Controls for cross-contamination of individual fractions
included antibodies against GADPH (cytosolic extract), GM-130 (membrane extract), SP1
(soluble nuclear extract), histone H3 (chromatin-bound nuclear extract), HDAC2 (total
nuclear extract) and pan-cytokeratin clone AE3 (cytoskeletal extract). For analysis of
changes in cytosolic and nuclear fractions under different experimental conditions, proteins
were further normalized using GAPDH and HDAC2, respectively.

SDS PAGE and Immunoblot
For collection of whole cell lysates, cells were lysed directly in the 100 mm culture dish
using 0.4 ml lysis buffer. All cells were lysed in radioimmunoprecipitation buffer (RIPA)
buffer containing a protease inhibitor cocktail tablet (Complete-Mini, Roche Diagnostics,
Indianapolis, IN) and a protease and phophatase single-use inhibitor cocktail, (Thermo
Fisher, Rockford, IL) on ice for 10 minutes. Lysates were snap frozen in liquid nitrogen,
vortexed and briefly centrifuged to remove the precipitate. All lysates were boiled for 5
minutes in 4× sample buffer pH 6.8 containing 0.25 M tris, 8% lauryl sulfate, 40% glycerol,
20% mercaptoethanol and 0.04% bromophenol blue, resolved on a 4–15% precast linear
gradient polyacrylamide gel (Bio-rad, Hercules, CA) and subsequently transferred to a
polyvinyl difluoride (PVDF) membrane. Membranes were blocked in 1–5% non-fat milk for
1 hour at room temperature and blotted using one of the following antibodies: IGF-1Rβ,
IGF-1Rα and β-actin (Sigma-Aldrich, St. Louis, MO) overnight at 4°C. Following a 1 hour
incubation with an anti-mouse secondary antibody (Amersham Biosciences, Piscataway,
NJ), protein was visualized using ECL Plus Detection Reagents (Amersham Biosciences,
Piscataway, NJ) and imaged on a Typhoon Variable Mode Imager. For western blots of
whole cell lysates, β-actin was used as a loading control. For subcellular fractionation
experiments, protein was normalized as described above.

Immunoprecipitation
For immunoprecipitation assays, whole cell lysates were immunoprecipitated with IGF-1Rβ
(Cell Signaling, Danvers, MA), IGF-1Rβ (Santa Cruz Biotechnology, Santa Cruz, CA) or a
rabbit IgG control. 11 µl of IGF-1Rβ or 4 ul IgG control were incubated with 4 mg of whole
cell lysates with continuous rocking overnight at 4°C. 70 µl of immobilized protein A plus
(Thermo Fisher, Rockford, IL) was then added with continuous rocking for 2 hours at room
temp. Following centrifugation, the pellet was washed with immunoprecipitation buffer
(Thermo Fisher, Rockford, IL). 4× sample buffer was added to the resulting pellet and
boiled for 5 minutes. Immunoprecipitated lysates were then electrophoresed and
immunoblotted as described above.

Results
IGF-1R expression and localization

Double-labeling experiments with antibodies directed against the β-subunit of the IGF-1R
and a nuclear counterstain demonstrated the intracellular presence of IGF-1R in the nucleus
of hTCEpi cells under normal growth conditions (Figure 1). The distribution of the nuclear

Robertson et al. Page 4

Exp Eye Res. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



IGF-1R pattern was variable, with some cells staining robustly for IGF-1R in the nucleus,
while other cells exhibited weak nuclear labeling and strong perinuclear staining. The
localization pattern of IGF-1R was confirmed in HCEC (Figure 1). These staining patterns
were ubiquitous amongst all cells examined for both hTCEpi and HCEC; no cells were
detected that were negative for IGF-1R. IGF-1R also was occasionally identified at specific
areas of cell-cell contact (Figure 1, large arrow). No plasma membrane labeling was
detected with either antibody. A blocking peptide confirmed antibody specificity; no
staining was evident in the negative control (Figure 1).

Triple-labeling of the IGF-1Rβ subunit with either the endoplasmic reticulum marker
calnexin or the Golgi matrix protein GM130 and DRAQ5 demonstrated robust co-
localization of the IGF-1Rβ outside the nucleus with the Golgi complex (Figure 2B).
Specifically, the IGF-1Rβ was distributed in a perinuclear cap pattern which was consistent
throughout all the cells with extranuclear IGF-1R in both cell lines. No co-localization was
detected with the endoplasmic reticulum. Subcellular fractionation confirmed the nuclear
localization of the receptor, with both α- and β-subunits present in both the soluble nucleus
and chromatin-bound lysates (Figure 3). Based upon equal protein loading for individual
fractions, low levels of IGF-1R were detected in the cytosolic fraction, with higher levels
detected in the soluble nuclear fraction and membrane portion. Antibodies specific for each
cellular compartment confirmed enrichment of specific fractions of interest.

When cultured under basal media without supplements, no change was noted in the
localization of IGF-1R after 2, 4, 24 hours (Figure 4, representative images at 4 and 24 hours
shown). Subsequent stimulation with IGF-1 failed to alter nuclear localization (data not
shown). Similar to immunofluorescence, subcellular fractionation experiments confirmed
that nuclear expression of the IGF-1R was unaltered after growth factor withdrawal or
following IGF-1 stimulation (Figure 5A). In contrast, whole cell lysates demonstrates robust
phosphorylation of the IGF-1R after stimulation with IGF-1 (Figure 5B).

IGF-1R:E-cadherin complex
The localization of the IGF-1R at points of cell to cell contact was similarly investigated
under growth and basal conditions. IGF-1R was detected at cell points of cell contact under
both conditions, and was increased in areas of confluence (Figure 6). Triple-labeling of
hTCEpi cells for IGF-1Rβ, phalloidin and DRAQ5 supported the presence of the IGF-1R
localized to the ends of the actin cytoskeleton at sites of cell-cell contact (Figure 7A).
Triple-labeling of hTCEpi cells for the IGF-1Rβ with E-cadherin and DRAQ5 revealed co-
localization between the two proteins (Figure 7B). No fluorescence labeling was detected
when both primary antibodies were omitted (data not shown). Immunoprecipitation of
hTCEpi cell lysates with 2 different antibodies directed against IGF-1Rβ followed by
immunoblotting for E-cadherin confirmed the presence of an IGF-1R:E-cadherin complex at
cell-cell contact points (Figure 8). No corresponding band for E-cadherin was noted in the
IgG control.

Discussion
This is the first report localizing the IGF-1R to the nucleus and in association with the E-
cadherin complex in non-differentiated corneal epithelial cells. Importantly, we identified
the simultaneous expression of the 135 kDa α- and 95 kDa β-subunits within the nuclear
compartment which indicates the presence of the full receptor as opposed to the aberrant
intracellular trafficking of the β-subunit which has been previously reported to occur during
oncogenic transformation or the nuclear accumulation of a proteolytic cleavage fragment
following cleavage by γ-secretase (McElroy et al., 2007; Natalishvili et al., 2009). The
localization of growth factor receptors to the nucleus has been previously reported
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(Carpenter, 2003). Among these include the insulin receptor, EGFR and the fibroblast
growth factor receptor; of which, the latter two have been shown to undergo both ligand-
induced and ligand-independent nuclear translocation (Johnston et al., 1995; Lin et al., 2001;
Seol and Kim, 2003).

In agreement with our findings, two recent reports have identified IGF-1R in the nucleus of
tumor cells and embryonic kidney cells; however, both studies suggest a ligand dependent
role for IGF-1 in mediating IGF-1R nuclear trafficking (Aleksic et al., 2010). In contrast to
this prior work, we were unable to detect an increase in nuclear IGF-1R upon ligand
stimulation despite evidence of receptor activation at the plasma membrane, suggesting the
presence of ligand-independent de novo trafficking. A key difference between this and prior
studies however, involves the use of serum in culture media. In those earlier reported
studies, as demonstrated by immunofluorescence, serum starvation depleted IGF-1R from
the nucleus. While our cells our routinely cultured in serum-free media, we were unable to
detect a change in localization in the presence or absence of growth factor when cultured up
to 24 hours and nuclear localization appeared unchanged following IGF-1 stimulation.

Non-nuclear expression was detected in a perinuclear cap pattern that exclusively co-
localized with the Golgi complex. The pattern of non-nuclear and nuclear expression
appeared to be highly variable in our cell line such that in cells with strong perinuclear
staining, there was weaker nuclear expression compared to cells with strong nuclear
expression that lacked perinuclear localization. Since the Golgi complex functions to direct
intracellular trafficking in both an antero- and retrograde manner, the flux in protein
localization between the two compartments may reflect retrograde transport from the Golgi
to the ER and nucleus (Wang et al., 2010). Due to the highly asynchronous nature of the cell
cycle status in these cells, we postulate that the change in the distribution between Golgi and
nucleus is cell cycle dependent and would suggest a role for nuclear IGF-1R in mediating
proliferative events (Vincent and Feldman, 2002).

This ability of IGF-1R to undergo nuclear trafficking to mediate proliferation is consistent
with other studies that have shown that within the nucleus, growth factor receptors directly
and indirectly regulate expression of genes involved in mediating proliferation and cell
growth. Transcriptional targets identified include cyclin D1, cyclooxygenase 2, basic
fibroblast growth factor, and c-Jun (Lin et al., 2001; Peng et al., 2001; Reilly and Maher,
2001; Wang et al., 2004). The potential for protein:DNA interactions is well supported by
the presence of the IGF-1R in the chromatin-bound insoluble lysate and suggests a role for
the IGF-1R in gene regulation. This finding is further supported by earlier reports in other
cell lines demonstrating binding of the IGF-1R to genomic DNA with a regulatory role as a
transcriptional enhancer (Sehat et al., 2010).

The second key finding in this study is the association of the IGF-1R with E-cadherin in
cultured corneal epithelial cells. This finding is supported by the co-localization of the
IGF-1R with E-cadherin and co-immunoprecipitation from hTCEpi whole cell lysates. As E-
cadherin has well known roles in mediating cellular adhesion and tissue development, the
ability of growth factor receptors to bind and disrupt E-cadherin has been implicated in
epithelial mesenchymal transitions and tumor invasion (Jamora and Fuchs, 2002; Mauro et
al., 2002; Thiery, 2002; Van Roy and Berx, 2008). In human colonic mucosa, IGF-1R has
been found complexed with E-cadherin and alpha-v integrin; subsequent stimulation by
IGF-1 in this model induces cellular migration (Canonici et al., 2008). In contrast, the
interaction of IGF-1R with E-cadherin has been reported to negatively regulate IGF-1
signaling in confluent Madin Darby canine kidney cells (Qian et al., 2004). Similarly, an
EGFR:E-cadherin complex has also been reported to positively and negatively regulate
EGFR activity in a bi-directional manner influencing both cellular adhesion and homeostatic
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pathways (Andl and Rustgi, 2005; Pece and Gutkind, 2000; Perrais et al., 2007; Qian et al.,
2004). The ability of E-cadherin to influence IGF-1R and EGFR signaling may be due to
relative expression levels between the key players dictated in part by cell confluency and
calcium-induced junction formation. Further studies are necessary to investigate these
regulatory pathways (Andl and Rustgi, 2005).

Collectively, the findings in this study reveal the novel localization of the IGF-1R to the
nucleus and E-cadherin complex in human corneal epithelial cells. The biological
significance of the IGF-1R to these distinct subcellular compartments within the corneal
epithelium is currently unknown; however, intracellular trafficking of receptor tyrosine
kinases to specific subcellular compartments may regulate diverse signaling pathways as
reported in other cell systems. Thus, investigations into the potential function(s) of the
IGF-1R outside of the canonical ligand-mediated signaling pathway are of high significance
in furthering our understanding of the role of the IGF-1R in the regulation of corneal
epithelial homeostatic events.

• IGF-1R localizes to the nucleus in proliferating corneal epithelial cells

• Nuclear localization of IGF-1R appeared independent of ligand

• IGF-1R complexes with E-cadherin at points of cell-cell contact
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Abbreviations

EGFR epidermal growth factor receptor

ER endoplasmic reticulum

GAPDH glyceraldehyde-3-phosphate dehydrogenase

GM130 Golgi matrix protein

hTCEpi human telomerized corneal epithelial cells

IGF-I insulin-like growth factor-I

IGF-II insulin-like growth factor-II

IGF-1R insulin-like growth factor receptor

kDa kilodalton

MAPK mitogen activated protein kinase

PBS phosphate buffered saline

SP1 specificity protein 1

SUMO small ubiquitin-like modifier
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Figure 1.
Localization of IGF-1Rβ in corneal epithelial cells. IGF-1Rβ was detected in hTCEpi cells
(first row) and HCEC cells (second row) using alexa fluor 488 (green, first column); nuclei
were counterstained with DRAQ5 (red, second column); merged images (third column).
Nuclear (small arrow) and juxtanuclear staining (arrow head) was noted in a variable
distribution among cells. IGF-1Rβ was also detected at points of cell-cell contact (large
arrow). A blocking peptide (BP, third row) was used to confirm antibody specificity.
Negative control (NC, bottom row), primary antibody omitted. Scale: 22.5 µm.
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Figure 2.
Juxtanuclear localization of IGF-1Rβ. (A) Triple-labeling of hTCEpi cells with IGF-1Rβ
(green), ER-protein calnexin (red), and nuclear counter-staining with DRAQ5 (blue). Scale:
13.35 µm. (B) Triple-labeling of hTCEpi cells with IGF-1Rβ (green), the Golgi matrix
protein GM130 (red), and nuclear counter-staining with DRAQ5 (blue). Scale: 12.4 µm.
Outside the nucleus, IGF-1Rβ co-localized exclusively with the Golgi matrix protein
GM130 in a perinuclear cap pattern. No co-localization was noted with the ER. No staining
was noted in the negative control which omitted the primary antibodies (not shown).
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Figure 3.
Subcellular fractionation of hTCEpi cells. Immunoblotting confirmed the presence of
IGF-1Rα- and β-subunits throughout all cellular compartments including nuclear (soluble
and chromatin bound) fractions. Fractionation experiments were performed under normal
growth conditions, with media supplemented with growth factors. Subcellular fraction
controls include GAPDH (cytoplasm), GM130 (membrane), SP1 (soluble nucleus), histone
3 (chromatin bound), and keratin AE3 (cytoskeleton). For each fraction, 50 µg of protein
was loaded per lane. Blots are representative of 3 repeated experiments.
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Figure 4.
Nuclear localization and growth factor withdrawal. hTCEpi cells were double-labeled with
IGF-1Rβ (green) and DRAQ5 (nuclear counterstain, red) after culture in normal growth
media containing supplements (growth) and in basal media for 4 and 24 hours. Culture in
basal media in the absence of growth factors failed to alter nuclear localization of the
receptor. Scale: 22.5 µm.
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Figure 5.
Subcellular distribution of IGF-1Rβ. hTCEpi cells were grown for 24 hours under normal
growth or basal media conditions, with or without IGF-1 stimulation. (A) Culture under
basal conditions in the absence of growth factors with and without stimulation failed to alter
nuclear localization of the IGF-1R. Little to no IGF-1Rβ was detected in cytosolic extracts.
(B) Western blotting of whole cell lysates for total and phosphorylated IGF-1R.
Phosphorylated IGF-1R was reduced after culture in basal media for 24 hours; subsequent
stimulation with IGF-1 resulted in robust receptor phosphorylation. G: growth; B: basal; S:
IGF-1 stimulation; C: cytosolic extract; N: nuclear extract. GAPDH and HDAC2 were used
to confirm absence of contamination between fractions and as loading controls for cytosolic

Robertson et al. Page 14

Exp Eye Res. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and nuclear fractions, respectively in (A). β-actin was used as a loading control for whole
cell lysates experiments shown in (B). Blots are representative of 3 repeated experiments.
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Figure 6.
IGF-1R localization at points of cell-cell contact. hTCEpi cells were double-labeled with
IGF-1Rβ (green) and DRAQ5 (nuclear counterstain, red) after culture in normal growth
medium and in basal media for 24 hours. The presence of IGF-1R at cell-cell contacts were
seen under both growth and growth factor depleted conditions (arrows). At higher densities,
as cells spread out and made contact, there was an increase in the frequency of IGF-1R
localizing between cells. Scale: 28.6 µm
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Figure 7.
IGF-1R:E-cadherin interactions. (A) Triple-labeling of hTCEpi cells with IGF-1Rβ (green),
alexa fluor 543-phalloidin (red), and DRAQ5 stained nuclei (blue). Counterstaining with
phalloidin demonstrated the presence of the IGF-1R localized to actin junctions at points of
cell-cell contact (arrows). Scale: 28.73 µm. (B) Triple-labeling with IGF-1R (green), E-
cadherin (red) and DRAQ5 stained nuclei (blue). IGF-1R at areas of cell-cell contact co-
localized with E-cadherin (yellow). Scale: 17.12 µm.
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Figure 8.
IGF-1R:E-cadherin complex. Co-immunoprecipitation of hTCEpi whole cell lysates using
two separate IGF-1R antibodies confirmed an association between IGF-1Rβ and E-cadherin.
(A) IGF-1Rβ was immunoprecipitated using a rabbit polyclonal antibody (Cell Signaling).
(B) IGF-1Rβ clone C-20 was immunoprecipitated using a rabbit polyclonal antibody (Santa
Cruz). Blotting for IGF-1Rβ was used to confirm successful immunoprecipitation. An
irrelevant IgG was used as a control.
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