ke Molecular Vision 2007; 13:785-96 <http://www.molvis.org/molvis/v13/a86/> ©2007 Molecular Vision
te Received 22 February 2007 | Accepted 22 May 2007 | Published 24 May 2007

Protein tyrosine phosphatase, PTP1B, expression and activity in
rat corneal endothelial cells

Deshea L. Harris, Nancy C. Joyce
Schepens Eye Research Institute and Department of Ophthalmology, Harvard Medical School, Boston, MA

Purpose: The current studies were conducted to determine whether the protein tyrosine phosphatase, PTP1B, plays a role
in regulating epidermal growth factor receptor (EGFR) Tyr992 phosphorylation and cell cycle entry in rat corneal endot-
helial cells.

Methods: Corneas were obtained from male Sprague-Dawley rats. PTP1B mRNA and protein expression were compared
in confluent and subconfluent cells by RT-PCR and western blots. Immunocytochemistry was used to determine the
subcellular localization of both PTP1B and EGFR following epidermal growth factor (EGF) stimulation. Western blots
were used to analyze the time-dependent effect of EGF on phosphorylation of EGFR Tyr992 plus or minus CinnGEL
2Me, an inhibitor of PTP1B activity. The effect of PTP1B inhibition on cell cycle entry was determined by calculating the
percent of Ki67-positive cells following EGF treatment.

Results: PTP1B mRNA expression was similar in confluent and subconfluent cells, but PTP1B protein was expressed at
3 fold higher levels in subconfluent cells. Positive staining for PTP1B was localized in vesicular structures below the
plasma membrane. EGFR staining was located at cell-cell borders in untreated endothelium, but was mainly cytoplasmic
by 15 min after EGF treatment. In control cultures, phosphorylation of EGFR Tyr992 peaked by 5 min following EGF
stimulation and rapidly decreased to basal levels by 30 min. In cultures pretreated with CinnGEL 2Me, Tyr992 phospho-
rylation peaked 2 min following EGF addition and was consistently sustained at a higher level than controls until 60 min
after treatment. By 18 h following EGF treatment, cultures pretreated with CinnGEL 2Me exhibited a 1.7 fold increase in
the number of Ki67-positive cells compared with control cultures.

Conclusions: Comparison of PTP1B mRNA and protein levels indicates that PTP1B expression is regulated mainly at the
protein level and is higher in subconfluent cells. PTP1B was located in vesicles below the plasma membrane. The fact that
EGFR is internalized in response to EGF stimulation suggests that it could interact with and be regulated by PTP1B. The
ability of PTP1B inhibitor to sustain EGFR Tyr992 phosphorylation and increase the number of Ki67-positive cells indi-
cates that PTP1B plays a role in the negative regulation of EGF-induced signaling and helps suppress cell cycle entry.

Corneal endothelial cells do not normally proliferate inTyr1148 [15]. Tyrosine autophosphorylation within growth
vivo to increase cell numbers. However, they retain proliferafactor receptors promotes direct binding of signaling proteins
tive capacity and can divide both in culture and in ex vivahat contain src homology-2 (SH2) domains [15-18]. Ligand
corneas if cell-cell contacts are disrupted and cells are exposbihding to EGFR can lead to activation of a number of signal-
to positive growth factors [1,2]. Epidermal growth factor (EGF)ing pathways, including phospholipasey QPLC+y) and its
has been shown to induce proliferation in corneal endotheli@lownstream calcium- and protein kinase C (PKC) cascades,
cells from several species, including rabbits [3], cows [4,5]and ras which leads to activation of various MAP kinases.
cats [6,7], non-human primates [8,9], and humans [8,10-12Upon ligand binding and activation, EGFR is rapidly inter-
Although EGF is known to stimulate proliferation in thesenalized into endosomes, with its extracellular domain within
cells, there is very little information regarding how the EGF-the endosome and its intracellular domain extending toward
induced signal is regulated. the cytoplasm. EGFR remains active in the endosome for sev-

The EGF receptor (EGFR) is an 1,186 amino acid transral min before either being sorted to lysosomes (where it is
membrane protein and is a member of a group of receptodegraded) or recycled back to the plasma membrane [19]. The
possessing intrinsic tyrosine kinase activity [13]. Reversibldate of the receptor and the output of the signaling process
tyrosine phosphorylation helps regulate important cellular prodepend on continued ligand binding and kinase activity [13,20].
cesses, including proliferation, migration, and differentiation ~ The catalytic activity of many receptor tyrosine kinases
[14]. In response to ligand binding, specific tyrosine residuess tightly regulated by protein tyrosine phosphatases (PTPs),
within the COOH-terminal intracellular domain of EGFR be-which act as “on” and “off” switches for numerous signaling
come autophosphorylated. These residues include Tyr992 amdents [14,21]. PTP1B is a widely expressed 50 kDa non-re-
ceptor PTP [22] that helps regulate multiple cellular functions,
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edu within the cytoplasmic domain of the receptor [15]. Studies
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indicate that there is competition for PTP1B binding at thesgg/ml gentamicin (Invitrogen) and 10% fetal bovine serum
sites. For example, the SH2 domain-containing protein, PLOQFBS; HyClone, Logan, UT). All incubations were performed
Y, also interacts with Tyr992, while the GTPase-activating proat 37°C in a 5% CQ humidified atmosphere. Passage 2 cells
tein of ras (GAP) interacts with Tyr1148. This competitivewere used for all experiments.
binding indicates that PTP1B must play a role in regulating  RT-PCR of PTP1B: Total RNA was prepared from pas-
EGFR downstream signaling via Ply@nd/or GAP. PTP1B sage 2 subconfluent and confluent cultures of rat corneal en-
contains a 35 amino acid COOH-terminal hydrophobic sedothelial cells according to the manufacturer’s directions
guence that anchors it to the cytoplasmic surface of the end@FRIzol; Invitrogen). cDNA was prepared fronud total RNA
plasmic reticulum [24]. PTP1B-catalyzed dephosphorylatiorby reverse transcription in a volume of 20using reagents
of EGFR and attenuation of the phosphotyrosine-inducettom a commercially available kit (Promega, Pittsburgh, PA).
downstream signal requires receptor endocytosis and occupsimers specific for PTP1B were available from Santa Cruz
in a specific “dephosphorylation compartment” prior to theBiotechnology (Santa Cruz, CA). Primer sequences were based
movement of the receptor to lysosomes or to recycling backn mouse PTP1B sequences. PCR was performed according
to the plasma membrane [14,25,26]. to protocols provided by Santa Cruz and included two PCR
A number of studies have been conducted to determineactions. Briefly, the first PCR reaction was performed in a
whether manipulating the expression or activity of PTP1B camixture containing 100 ng cDNA andul of Primer Pair A,
have an effect on growth factor-induced downstream cellulgslus reagents from a commercially available kit (Qiagen,
processes. For example, PTP1B attenuated PDGF-BB-induc®dlencia, CA). Specificity and yield of the PCR products were
proliferation in cultured vascular smooth muscle cells via deenhanced using the hot-start approach [37]. PCR was per-
phosphorylation of the PDGF-beta receptor, whereas exprermed for 36 cycles. Cycle conditions included denaturation
sion of a dominant-negative form of PTP1B promoted prolif-at 94°C for 30 s, annealing at 58 for 30 s, and extension at
eration of these cells [27]. In immortalized fibroblasts from72°C for 3 min. A 10 min extension was added at the end of
PTP1B" mice, cells lacking PTP1B exhibited increased andhe 36 cycles of PCR. A second PCR reaction was performed
sustained phosphorylation of both EGFR and the PDGF réna a mixture containing {l of product from the first reaction
ceptor [28]. PTP1B also negatively regulates phosphotyrosinend 1ul of Primer Pair B, plus reagents from the aforemen-
induced signaling via the insulin and leptin receptors, implitioned commercially available kit. After the hot start, PCR
cating PTP1B activity in Type 2 diabetes and obesity [29-31)was performed for 26 cycles, and the conditions were the same
Because of the potential role of PTP1B in these diseases, @s above except that the extension time aC7@as for only
well as in cancer, much attention has been paid to the devdl-5 min. Negative controls consisted of samples containing
opment of specific inhibitors of PTP1B as potential therapeuall reagents plus primers, but without cDNA. Glyceraldehyde-
tic agents [14,32,33]. 3-phosphate dehydrogenase (G3PDH; Clontech, Mountain
Studies from this laboratory [34] have demonstrated th&iew, CA) acted as a positive control for the PCR. To ensure
expression of several PTPs in rat corneal endothelial cells bothat the total RNA samples were not contaminated with ge-
in ex vivo corneas and in culture. Among the PTPs expressemmic DNA, a negative control using 100 ng total RNA was
were PTP1B, SHP-1, SHP-2, PTP-mu, and the dual-specifisubstituted for cDNA in the PCR reaction mixture, along with
ity phosphatase, PTEN. When cultures of rat corneal endo2-5 uM each of upstream and downstream G3PDH primers.
helial cells were treated with the general phosphatase inhibRCR products and 100 bp DNA ladder molecular weight mark-
tor, sodium orthovanadate (SOV), cell cycle entry was iners were electrophoresed in 1.5% agarose gels containing 0.5
creased, as indicated by an increase in the number of cellg/ml ethidium bromide and photographed. All experiments
with positive staining for Ki67, a marker of actively cycling were conducted in duplicate and repeated three times to en-
cells [35]. The increase in Ki67-positive cells upon exposursure consistent results.
to SOV strongly suggests that phosphatase activity helps sup- Protein extraction and western blot analysis of PTP1B:
press cell cycle entry in corneal endothelium. The current studRassage 2 subconfluent and confluent cultures of rat corneal
ies were conducted to determine whether PTP1B plays a robmdothelial cells were used for western blot analysis of PTP1B
in regulating Tyr992 phosphorylation of EGFR and cell cycleprotein levels. Protein was extracted by incubating cells for

entry in rat corneal endothelial cells. 30 min at 4°C in lysis buffer containing 1% Triton X-100,
250 mM NacCl, 2 mM EDTA, 50 mM Tris-HCI (pH 7.4), 10
METHODS ug/ml aprotinin, 10 wug/ml leupeptin, 1 mM

Rat corneal tissue: Corneas were obtained from adult male phenylmethylsulfonyl fluoride, 50 mM sodium fluoride, and
Sprague-Dawley rats (Taconic, Hudson, NY), which wered.1 mM sodium orthovanadate (all from Sigma, St. Louis,
treated in accordance with the ARVO Statement on the Use &10), followed by sonication and centrifugation. Supernatants
Animals in Ophthalmic and Vision Research. Whole corneawere stored at -80C until used for SDS-PAGE and western
were used for some experiments. For other experiments, eplotting. Equal concentrations of soluble protein were loaded
dothelial cell explant cultures were prepared according to Chesn 10% Bis-Tris gels (Invitrogen) for SDS-PAGE and then
et al. [36]. Primary cultures were grown to confluence in Metransferred to a polyvinylidene difluoride (PVDF) membrane
dium 199 (Invitrogen, Carlsbad, CA) supplemented with 5qMillipore, Bedford, MA). Nonspecific binding was blocked
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by incubating the membrane overnight &4in 5% non-fat  image plane by projecting the maximal pixel intensity of the
dry milk diluted in phosphate-buffered saline (PBS;images.
Invitrogen). The membrane was incubated for 2 h at room Immunocytochemical localization of EGFR following
temperature in PTP1B mouse monoclonal antibody (PHOEGF stimulation: Rat corneas were washed and incubated
Calbiochem/EMD Biosciences, San Diego, CA) at a concerfor 0, 15, and 60 min in Medium 199, gentamicin, 0.1% FBS
tration of 1.2 mg/ml diluted in 5% non-fat dry milk in PBS. plus 10 ng/ml epidermal growth factor (EGF; Upstate Bio-
Blots were then rinsed 2 times for 10 min each with PBS cortechnology, Charlottesville, VA). The corneas were then
taining 0.1% Triton X-100 and incubated 1 h at room temwashed in PBS and fixed with 100% methanol for 10 min at -
perature with HRP-conjugated donkey anti-mouse IgG (Jack0°C. All subsequent steps were performed at room tempera-
son ImmunoResearch Laboratories, West Grove, PA) dilutedire. Corneas were washed 3 times in PBS for 10 min each,
at 1:10,000 in 5% non-fat dry milk in PBS. Membranes weréhen permeabilized for 10 min with 1% Triton X-100 in PBS,
washed 2 times for 10 min with PBS containing 0.1% Tritorand washed again 3 times in PBS for 10 min each. Nonspe-
X-100. Antibody binding was visualized using a chemilumi-cific binding was blocked using 4% BSA in PBS for 10 min.
nescent substrate (SuperSignal West Pico; Pierce, Rockfordprneas were incubated for 2 h in EGF receptor (EGFR) sheep
IL). To prepare a control for protein loading, bound antibodpolyclonal antibody diluted 1:30 in 4% BSA in PBS or ZO-1
ies were stripped from the PVDF membrane by incubation imouse monoclonal antibody (Zymed/Invitrogen) diluted 1:150
buffer containing 2% SDS, 62.5 mM Tris-HCI (pH 6.8) andin 4% BSA in PBS. Corneas were washed 3 times in PBS for
100 mM 2-mercaptoethanol (all from Sigma) for 15 min atl0 min each and then incubated for 1 h with FITC donkey
room temperature. The membrane was reprobedpadittin -~ anti-sheep IgG diluted at 1:50 for detection of EGFR or
mouse monoclonal antibody (Sigma) diluted at 1:10,000 imhodamine red-X donkey anti-mouse IgG diluted 1:200 in 4%
5% non-fat dry milk in PBS followed by incubation in HRP- BSA in PBS for detection of ZO-1. Both secondary antibod-
conjugated donkey anti-mouse 1gG diluted at 1:20,000 in 5%es were obtained from Jackson ImmunoResearch Laborato-
non-fat dry milk in PBS. A positive control sample was pre-ries. Negative controls consisted of secondary antibody alone.
pared from SW480 cells, a human colorectal adenocarcinon#sfter being washed in PBS 3 times for 10 min each, corneas
cell line (American Type Culture Collection, Manassas, VA).were placed endothelial-side up on slides using mounting
Semi-quantitative analysis of protein expression was pemedium (Vector Laboratories). Digital images were obtained
formed by densitometry using NIH Image software (NIH Im-as described above.
age 1.34; National Institutes of Health, Bethesda, MD). Ex-  Western blot analysis of effect of PTP1B inhibitor on
pression of PTP1B was normalized relative to th@tattin. EGFR Tyr992 levels. Confluent passage 1 rat corneal endot-
Duplicate immunoblots were prepared and each experimehtlial cells were trypsinized, seeded in 60 mm petri dishes at
was repeated three times. a density required to yield 50% confluence, and incubated
Immunocytochemical localization of PTP1B: Rat cor-  overnight in the presence of 10% serum to permit cell attach-
neas were washed in PBS and then fixed with 100% methanalent. Cells were then serum-starved for 24 h in Medium 199
for 10 min at -20C. All subsequent steps were performed atplus gentamicin. For initial testing of the EGFR Tyr992 time-
room temperature. Corneas were washed 3 times in PBS foourse, cells were incubated with EGF at a concentration of
10 min each, then permeabilized for 10 min with 1% Tritorn25 ng/ml in Medium 199 and gentamicin without serum for O,
X-100 in PBS, and washed again 3 times in PBS for 10 mit0, 20, 30, 40, 50, or 60 min. These control experiments were
each. Nonspecific binding was blocked using 4% bovine seepeated 3 times. CinnGEL 2Me, a novel peptoid inhibitor of
rum albumin (BSA; Fisher, Pittsburgh, PA) in PBS for 10 min.PTP1B [38], was used to test the effect of PTP1B inhibition
Corneas were incubated for 2 h in PTP1B mouse monoclonah the time-course of EGFR Tyr992 phosphorylation.
antibody diluted 1:50 in 4% BSA in PBS and at the same tim€innGEL 2Me was reconstituted in dimethyl sulphoxide
in p-catenin goat polyclonal antibody (Santa Cruz Biotech{DMSO: Sigma) as indicated by the manufacturer (BioMol
nology) diluted 1:100 in 4% BSA in PBS. Corneas wereResearch Laboratories, Plymouth Meeting, PA). Cells were
washed 3 times in PBS for 10 min each and then incubated forcubated in the presence of CinnGEL 2Me at a final concen-
1 h with rhodamine red-X donkey anti-mouse 1gG dilutedtration of 1 mM or in an equal volume of DMSO in Medium
1:100 in 4% BSA in PBS for detection of PTP1B antibody199 and gentamicin without serum for 1 h prior to the start of
and FITC donkey anti-goat 1gG diluted at 1:50 to deflect the experiment. EGF was then added at a concentration of 25
catenin antibody. Both secondary antibodies were obtainety/ml to the CinnGEL 2Me or DMSO-containing medium and
from Jackson ImmunoResearch Laboratories. Negative corells were incubated for 0, 2, 5, 15, 30, 60, or 120 min. At
trols consisted of secondary antibody alone. After being washeghch time-point, dishes were placed on ice and cells were
in PBS 3 times for 10 min each, corneas were placed endotheashed with ice-cold PBS. Protein extraction, gel electrophore-
lial-side up on slides using mounting medium (Vector Labosis, and protein transfer to PVYDF membranes were performed
ratories, Burlingame, CA). Digital images were obtained usas described above. Nonspecific binding was blocked by in-
ing a Leica TSC-SP2 confocal microscope (Bannockburn, IL)cubation of the membrane for 1 h at room temperature in 5%
A Z-series through the tissue was captured with a step size bn-fat dry milk and 0.1% Triton X-100 diluted in PBS. The
0.5um per image. Z-series images were collapsed onto a singleembrane was briefly washed with 0.1% Triton X-100 in PBS
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and then incubated overnight at@ with EGFR Tyr992 rab- RESULTS
bit polyclonal antibody (Cell Signaling Technology, Danvers,Expression of PTP1B in confluent and subconfluent cells:
MA) diluted at 1:500 in 5% BSA and 0.1% Triton X-100 in Previous studies [34] provided immunocytochemical and west-
PBS. Blots were then rinsed 2 times for 10 min each with PB&rn blot evidence that rat corneal endothelial cells express
containing 0.1% Triton X-100 and incubated 1 h at room temPTP1B. The current studies confirmed and extended this find-
perature with HRP-conjugated donkey anti-rabbit IgG (Jacking by comparing relative mRNA and protein expression for
son ImmunoResearch Laboratories) at a 1:2,000 dilution iRTP1B in confluent versus subconfluent rat corneal endothe-
5% non-fat dry milk and 0.1% Triton X-100 diluted in PBS. lial cells. Cells were maintained in the presence of 10% FBS
Membranes were washed 2 times with PBS containing 0.1%rior to processing for RT-PCR and western blots. RT-PCR
Triton X-100 for 10 min and antibody binding was visualizedrevealed positive bands for PTP1B and G3PDH for both
using a chemiluminescent substrate (SuperSignal West Femtmnfluent and subconfluent cells (Figure 1A,B). Controls con-
Pierce). To prepare a control for protein loading, bound antiaining all reagents plus PTP1B primers, but without cDNA,
bodies were stripped as described above. The membrane wasre negative. Samples containing total RNA rather than
re-probed with3-actin mouse monoclonal antibody (Sigma) cDNA yielded no positive bands, indicating lack of contami-
diluted at 1:10,000 in 5% non-fat dry milk in PBS followed nation of the RNA samples with genomic DNA. Band density
by incubation in HRP-conjugated donkey anti-mouse 1gG difor PTP1B was very similar in both confluent and subconfluent
luted in 5% non-fat dry milk in PBS at 1:20,000. Quantifica-cells. In this study, PCR was performed using two sets of primer
tion of protein bands was performed by densitometry as dgairs based on methods recommended by the supplier. To con-
scribed abovef-Actin was used for normalization. Experi- firm these results, PCR of the second set of primers was run
ments comparing CinnGEL 2Me and DMSO controls werdor 10, 20, and 26 cycles for both samples. Similar results
repeated 4 times. Averaged data is preseastdndard error  were obtained under all cycle conditions (data not shown) and
of the mean (SEM). indicate that PTP1B mRNA is expressed at similar levels in
Analysisof PTP1B inhibitor oncell cycleentry: Confluent  both confluent and subconfluent cells. Western blots (Figure
passage 1 rat corneal endothelial cells were trypsinized 4€,D) showed a strong positive band for PTP1B in the posi-
above and seeded into 4-well glass chamber slides (Lab-Télke control, as well as positive bands for both corneal endot-
II, Nagle Nunc International, Rochester, NY) coated with FNChelial samples. In contrast to the RT-PCR data, densitometric
Coating Mix (AthenaES, Baltimore, MD) to yield 50% analysis of the western blots indicates that PTP1B is expressed
confluence. Cells were incubated in Medium 199, gentamiat 3 fold higher levels in subconfluent versus confluent cells.
cin, and 0.1% FBS overnight and then the medium was chang&aperiments were performed 3 times and similar results were
to 0% FBS for 24 h. CinnGEL 2Me (1 mM final concentra-obtained for both the RT-PCR and western blots in each ex-
tion) or DMSO was added to the medium for 1 h prior to thgeriment.
start of the experiment. EGF was added to all wells at a final PTP1B localizationinendothelial cellsof ex vivorat cor-
concentration of 25 ng/ml and cells were incubated for 0, 6, aveas: Although previous studies [34] provided evidence that
18 h. At each time point, the slides were processed for immurTP1B is expressed in rat corneal endothelial cells, they did
nocytochemistry as follows: Cells were washed quickly 3 timesot clearly determine its subcellular location. Confocal im-
with PBS and then fixed with 100% methanol for 10 min at -ages in Figure 2 show positive staining for PTP1B in a punc-
20°C. All subsequent steps were performed at room tempergate pattern suggestive of cytoplasmic vesicles. Comparison
ture. Cells were washed 3 times in PBS for 10 min each araf the PTP1B staining pattern with staining focatenin, a
then permeabilized for 10 min with 1% Triton X-100 in PBS.protein associated with cell-cell adhesion junctions [39], indi-
Cells were washed 3 times in PBS for 10 min each. Nonspeates that PTP1B is associated with vesicular structures im-
cific binding was blocked using 4% BSA in PBS. Cells weremediately subjacent to the plasma membrane. Tissue incubated
incubated for 2 h in Ki67 mouse monoclonal antibodyin secondary antibody alone was negative in all cases (data
(Novocastra, Newcastle upon Tyne, UK) diluted at 1:50 imot shown).
4% BSA in PBS. Cells were washed 3 times in PBS for 10  Localization of EGFRin rat corneal endothelial cellsin
min each and then incubated for 1 h in FITC-conjugated domesponse to EGF stimulation: Immunocytochemical local-
key anti-mouse 1gG diluted at 1:50 in 4% BSA in PBS. Thezation studies were conducted to determine the effect of EGF
cells were washed in PBS 3 times for 10 min each and préreatment on the localization of EGFR. Ex vivo rat corneas
pared in mounting medium containing propidium iodide (Pl:were incubated in the presence of EGF for 0, 15, and 60 min.
Vector Laboratories). Digital fluorescent images were obtaine@orneas were fixed at each time point, immunostained for
using an Eclipse E800 Nikon Microscope with VFM Epi-Fluo- EGFR, and analyzed by confocal microscopy. Representative
rescence Attachment (Nikon, Inc., Melville, NY) equippedimages are shown in Figure 3. In the absence of EGF (Figure
with a Spot digital camera and Spot Advanced version 4.5 CBA), endothelial cells exhibited intense staining for EGFR at
software (Diagnostic Instruments, Sterling Heights, MlI). Ki67cell borders and diffuse punctate staining throughout the cell
and Pl-positive cells were counted from 3 different areas imterior. Within 15 min after exposure to EGF (Figure 3B),
duplicate wells per experiment and the average percent tfiere was a visible reduction in EGFR staining at lateral mem-
Ki67-positive cells was calculated. Averaged data is presentditanes (although cell borders could still be seen in some ar-
+SEM. eas) and the diffuse punctate cytoplasmic staining appeared
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to increase. By 60 min after EGF addition (Figure 3C), little-supplier of CinnGEL 2Me states that the methyl ester permits
to-no staining for EGFR was visible at cell borders; howeverell permeability and is hydrolyzed to active inhibitor by in-
staining for ZO-1, a tight junction-associated protein [39] intracellular esterases. For this study, subconfluent cultures of
the same tissue (Figure 3D) indicated that cell-cell contact®t corneal endothelial cells were serum-starved for 24 h and
remained intact in the presence of EGF. then preincubated for 1 h in culture medium containing Me-
Time-course of EGFR Tyr992 phosphorylation: Studies  dium 199, gentamicin, and DMSO either with or without 1
were first conducted to determine the effect of EGF on thenM CinnGEL 2Me. DMSO was used as a control for these
time-course of phosphorylation of EGFR Tyr992. Serum-experiments, because the inhibitor was solubilized in this re-
starved subconfluent rat corneal endothelial cells were treategdjent. The concentration of CinnGEL 2Me was chosen fol-
with 25 ng/ml EGF in Medium 199 plus gentamicin. This con-lowing a preliminary dose-response study (data not shown).
centration of EGF was chosen based on preliminary dose-réfter this 1 h incubation, cultures were treated with 25 ng/ml
sponse studies (data not shown). Samples were then taken EBF for 0, 2, 5, 15, 30, 60, or 120 min and samples were
western blot analysis of phosphorylated Tyr992 at 0, 10, 2@aken for western blot analysis. Figure 5A presents represen-
30, 40, 50, or 60 min following EGF addition and results areative results of the western blots and Figure 5B shows the
shown in Figure 4. Figure 4A presents a representative wesesults of the densitometric analysis. Overall, the kinetics of
ern blot showing the time-course of EGFR Tyr992 phosphoEGFR Tyr992 phosphorylation in cells maintained in control
rylation following EGF stimulation. Densitometric analysis medium containing DMSO were very similar to those de-
of the blots (Figure 4B) indicates that phosphorylated Tyr992cribed above in which cells were maintained in medium with-
levels peaked by 10 min following EGF addition and decreaseaut DMSO. This indicates that DMSO did not affect the abil-
to basal levels by 30 min. ity of the cells to respond to EGF stimulation. In the DMSO-
Effect of PTP1Binhibitor ontime-courseof EGFRTyr992  treated control cells, phosphorylated Tyr992 levels peaked 5
phosphorylation: Studies were then conducted to determinemin after EGF addition, rapidly decreased to near-basal levels
the effect of CinnGEL 2Me, a peptoid inhibitor of PTP1B, onby 30 min, and then gradually returned to basal levels by 120
the time-course of Tyr992 phosphorylation. CinnGEL 2Me igmin. In CinnGEL 2Me-treated cells, Tyr992 phosphorylation
the methyl ester of a tripeptide-substituted cinnamic acid thageaked 2 min after EGF addition. Although the relative level
exhibits significant inhibition of PTP1B activity [38]. The of phosphorylation decreased over time, it was consistently

PTP1 B G3PDH
A S5 6 7

452 b

C PTPIB D g- -actin

SW480 SC C SW480 SC

*"—" 48 kDa 42 kDa

Figure 1. Representative results comparing PTP1B mRNA and protein expression in confluent and subconfluent rat cornizdicetidothel
A: RT-PCR for PTP1B. At left are molecular weight markers in 100 bp increments with the brightest band at 600 bp. LanédarGpletro
containing all reagents, but without cDNA; Lane 2: cDNA extracted from confluent cells; Lane 3: cDNA extracted from suboafifuen
Position of 443 bp band for PTP1B is indicatBdRT-PCR for G3PDH control. At left are molecular weight markers; Lane 4: Control sample
containing total RNA extracted from confluent cells; Lane 5: cDNA extracted from confluent cells; Lane 6: Control sampieg totiali

RNA extracted from subconfluent cells; Lane 7: cDNA extracted from subconfluent cells. Position of 452 bp G3PDH bance Gidicat
Western blot for PTP1B (48 kDa) showing position of PTP1B in control SW480 cells and relative expression of PTP1B in sut{&&jflue
and confluent (C) rat corneal endothelial cdllsSame membrane as i@)(reprobed fof-actin to control for protein load.
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sustained at a level higher than that observed in controls until DISCUSSION
the 60 min time-point. Thus, inhibition of PTP1B by CinnGEL This laboratory is the first to explore a role for protein ty-
2Me resulted in a more rapid response to EGF stimulatiorosine phosphatases in the regulation of growth factor signal-
and an increased duration of EGFR Tyr992 phosphorylatioring in corneal endothelium from any species. In a previous
Effect of PTP1B inhibitor on cell cycle entry: Sudies  study [34] we used rat corneal endothelium to identify a sub-
were also conducted to determine the effect of PTP1B inhibset of PTPs expressed in these cells and to examine the effect
tor on EGF-stimulated cell cycle entry. For these studiessf SOV-induced PTP inhibition on cell cycle entry. PTP1B
subconfluent rat corneal endothelial cells were serum-starvedias among the PTPs identified in that study. PTP1B is widely
pre-treated with or without 1 mM CinnGEL 2Me, and thenexpressed, but its specific function(s) within individual cell
stimulated with 25 ng/ml EGF as previously. Cells were theitypes is still being investigated [14]. PTP1B is clearly involved
immunostained for Ki67, a marker of actively cycling cellsin the regulation of signal transduction and has been found to
[35], at 0, 6, and 18 h after EGF addition. Cells positivelyplay an important role in diabetes, obesity, the cell cycle, and
stained for Ki67 and total propidium iodide (PI)-stained nu-cancer [40]. Since PTP1B is known to regulate EGFR signal-
clei were counted and the results compared. Figure 6A préig and corneal endothelial cells express these receptors, it is
sents representative fluorescent images of Ki67- and Pl-staingdportant to obtain a better understanding of the role of this
cells at 6 and 18 h after EGF treatment, while Figure 6B showRTP in EGF-induced cell cycle traverse. The current studies
the percent of Ki67-positive cells averaged from duplicatevere conducted in rat corneal endothelial cells, because the
samples in three separate experiments. As expected from tim¢tial studies were conducted in this species and it was im-
normal time-course of cell cycle progression in rat cornegbortant to obtain a base of information in rat that could even-
endothelial cells [36], there were no Ki67-positive cells at theually be applied to studies of PTP1B in human corneal en-
0 h time-point (data not shown) and there was a low numbeiothelial cells. The goal of these studies was to determine
of Ki67-positive cells at the 6 h time-point under both treatwhether PTP1B plays a role in regulating EGF-induced Tyr992
ment conditions. By 18 h after EGF treatment, the averagehosphorylation of EGFR and cell cycle entry in rat corneal
number of Ki67-positive cells was increased at least 1.7 foléndothelial cells.
in cultures treated with CinnGEL 2Me compared with cul-  The current studies confirmed and extended the finding
tures incubated in control medium. that PTP1B is expressed in rat corneal endothelial cells. PTP1B

Figure 2. Representative fluorescent confocal images showing immunostaining for PTHBaéewin in corneal endothelial cells of ex
vivo rat corneas. PTP1Be() localization is compared with that pfcatenin (reer), a protein closely associated with cell-cell adhesion
junctions. The staining pattern of PTP1B strongly suggests that PTP1B is associated with vesicular structures subjatesreortiem-
brane. The higher magnification image B) (s included to more clearly demonstrate this localization pattern. The final magnificafion in
was 2100X and iB was 3120X.

790



Molecular Vision 2007; 13:785-96 <http://www.molvis.org/molvis/v13/a86/>

©2007 Molecular Vision

Figure 3. Fluorescent confocal images of EGFR localization in cor-
neal endothelial cells of ex vivo rat corneas following EGF stimula-
tion. In the absence of EGF, EGFR is located mainly at cell borders
(arrow), although some cytoplasmic punctate staining is visifle (
After EGF stimulation for 15 minB), EGFR staining is greatly re-
duced at cell borders (arrow). After 60 m@)little-to-no EGFR is
visible at cell borders; however, ZO-1 staining of the same tif§ue (
indicates that cell borders remain intact. No staining is observed in
the endothelium of ex vivo corneas incubated in secondary antibody
alone E). Note that small dots of intense stain can be observed scat-
tered in the cytoplasm of cells iA{C). The specific nature of this
staining is unclear, since all antibodies were centrifuged at high speed
prior to dilution to prevent nonspecific antibody deposition. Final
magnification: 1000X.
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protein levels were found to be substantially higher inn corneal endothelial cells, but this remains to be established.
subconfluent cells compared with confluent cells, while PTP1B  The PTP1B staining pattern in the endothelium suggests
MRNA levels were similar, strongly suggesting that PTP1Bt is associated with submembranous vesicles; however, the
expression is regulated mainly at the protein level in theseurrent studies did not test whether PTP1B is specifically as-
cells. This finding is interesting, because subconfluent cellsociated with the endoplasmic reticulum as has been reported
were used in studies testing the effect of the PTP1B inhibitoin other cell types [24]. The fact that EGFR is internalized in
Protein tyrosine phosphorylation is normally balanced by deresponse to EGF stimulation suggests that it could interact
phosphorylation, suggesting that the relative expression efith and be regulated by PTP1B. Indeed, the similarity in the
PTPs may be dependent on overall tyrosine phosphorylatidinetics of EGFR internalization and the kinetics of Tyr992
activity. In fact, several studies have demonstrated that eyxhosphorylation supports this idea. The kinetics of EGFR
pression of PTP1B is increased upon neoplastic transformayr992 phosphorylation in cells incubated in culture medium
tion [41,42], as well as in cancer [43,44]. Overall, our findingcontaining DMSO were very similar to those of cells incu-
of increased PTP1B protein levels in subconfluent cells apated in medium without DMSO, indicating that DMSO did
pears consistent with increased proliferative activity. The speot significantly affect EGF-induced signaling, at least under
cific mechanism by which PTP1B protein levels are regulatethese experimental conditions. The finding that inhibition of
in corneal endothelial cells remains to be determined. PTP1BTP1B activity by CinnGEL 2Me results in sustained EGFR
has also been shown to regulate both cadherin- [45] and/r992 phosphorylation compared with controls is similar to
integrin-based adhesion in some cells [46,47]. The relativéhat of Haj, et al. [28], who found that fibroblasts isolated from
difference in PTP1B protein levels in confluent versusPTP1B" mice exhibited increased and sustained phosphory-
subconfluent cells may also reflect these functions of PTP1B
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Figure 5. Effect of the PTP1B inhibitor, CInnGEL 2Me, on the time-

Figure 4. Time-course of EGFR Tyr992 phosphorylation.course of EGFR Tyr992 phosphorylation. Serum-starved,
Subconfluent rat corneal endothelial cells were serum-starved arsibconfluent rat corneal endothelial cells were pre-incubated for 1 h
then treated with 25 ng/ml EGF in Medium 199 plus gentamicinin Medium 199, gentamicin, and DMSO(-) or supplemented with 1
Samples were taken at various times for western blot anadysis. mM CinnGel 2Me(+). EGF (25 ng/ml) was then added and samples
Representative western blot showing the time-course of EGFR Tyr99&ere taken for western blot analysis at various times following EGF
phosphorylation. Phosphorylated EGFR Tyr992 yields a 175 kDaddition. Representative western blot &) 6hows phosphorylated
band.p-Actin (42 kDa) was used for a loading cont®l. Graph ~ Tyr992 at 175 kDa. Densitometric analysis was conducted @sing
showing the average level of phosphorylated EGFR Tyr992 in dupliactin for normalization. The graph iB) shows average levels of
cate gels from three separate experimgn#sctin was used for nor-  phosphorylated Tyr992. Results are the average of duplicate gels from
malization. Bars represent SEM. four separate experiments. Bars represent SEM.
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KiG7 Pl

Figure 6. Effect of CinnGEL 2Me inhibition
of PTP1B on cell cycle entry. Serum-starved
subconfluent rat corneal endothelial cells were
preincubated for 1 h in medium containing
either DMSO(-) or 1 mM CinnGel 2Me in
DMSO(+) followed by addition of 25 ng/ml
EGF for 6 or 18 h.A: Cultures were
immunostained for Ki67gfeer), a marker of
proliferating cells, and counterstained with
propidium iodide (PI) to reveal all nuclee().
Magnification: 400XB: Bar graph shows the
average number of Ki67-positive cells at each
time-point in duplicate samples from three
separate experiments. Bars represent SEM and
the asterisk indicates a 1.7 fold increase over
control.
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lation of EGFR, as well as of the receptor for PDGF. Togethenf PTP1B in regulation of EGFR signaling in human corneal
results strongly suggest that PTP1B negatively regulates EGEndothelium.
induced receptor signaling in rat corneal endothelial cells.
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