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Abstract

In response to injury, airway epithelia utilize an epidermal growth factor (EGF) receptor (EGFR)
signaling program to institute repair and restitution. Protein tyrosine phosphatases (PTPs)
counterregulate EGFR autophosphorylation and downstream signaling. PTP is highly expressed
in lung epithelia and can be localized to intercellular junctions where its ectodomain
homophilically interacts with PTPx ectodomain expressed on neighboring cells. We asked
whether PTPu expression might be altered in response to epithelial injury and whether altered
PTPu expression might influence EGFR signaling. In A549 cells, diverse injurious stimuli
dramatically reduced PTPy protein expression. Under basal conditions, small interfering RNA
(siRNA)-induced silencing of PTPu increased EGFR Y992 and Y1068 phosphorylation. In the
presence of EGF, PTPu knockdown increased EGFR Y845, Y992, Y1045, Y1068, Y1086, and
Y1173 but not Y1148 phosphorylation. Reduced PTPx expression increased EGF-stimulated
phosphorylation of Y992, a docking site for phospholipase C (PLC) 1, activation of PLC y1 itself,
and increased cell migration in both wounding and chemotaxis assays. In contrast, overexpression
of PTPu decreased EGF-stimulated EGFR Y992 and Y1068 phosphorylation. Therefore, airway
epithelial injury profoundly reduces PTPy expression, and PTPu depletion selectively increases
phosphorylation of specific EGFR tyrosine residues, PLCy activation, and cell migration,
providing a novel mechanism through which epithelial integrity may be restored.
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The epithelial cells lining the airways provide a protective barrier against inhaled chemical
irritants, allergens, and infectious agents [1]. The intact epithelium is maintained through
tightly orchestrated cell proliferation, spreading, migration, and programmed cell death. In
response to injury, the epithelium undergoes repair and restitution through mechanisms that
center around cell migration [1-3]. These normally quiescent polarized cells form a tightly
sealed surface through complex intercellular junctions including the tight junction (tj) or the
zonula occludins and the adherens junction, or the zonula adherens (ZA) [4, 5]. For
migration to occur, cells must first disengage from neighboring cells, in part, through
disassembly of the ZA multiprotein complex [6].

Epidermal growth factor receptor (EGFR) activation and downstream signaling have been
implicated in airway epithelial repair and restitution [2, 3, 5, 7]. EGFR expression in normal
human airway epithelia is low [8, 9] but increases in response to diverse injurious stimuli
[1]. Although EGFR activation can increase cell proliferation, differentiation, and survival
[7], it accelerates epithelial wound healing through phospholipase C (PLC) y-mediated cell
migration [3, 7, 10, 11]. The mechanisms through which EGFR activation may promote cell
migration include actin reorganization [12, 13], focal adhesion disassembly [11], and
increased tyrosine phosphorylation of ZA proteins [14-16], which, through inside-out
signaling, reduces homophilic adhesion between opposing E-cadherin ectodomains [17].

EGFR is a membrane-spanning receptor protein tyrosine kinase (PTK) that is comprised of
an NH,-terminal, ligand-binding ectodomain coupled to an intracellular catalytic domain
and its tyrosine phosphorylation sites [18]. Ligand binding to the EGFR ectodomain induces
receptor dimerization, intrinsic tyrosine kinase activity, and autophosphorylation of specific
tyrosine residues, including Y845, Y992, Y1045, Y1068, Y1086, Y1148, and Y1173 [18].
Upon phosphorylation, these tyrosines serve as docking sites within the EGFR cytoplasmic
domain for specific downstream signaling molecules containing src homology (SH)2 or
phosphotyrosine-binding domains. Autophosphorylation of Y992 and Y1173 generates
docking sites for PLC y [18, 19], which contains 2 SH2 domains and 3 tyrosine
phosphorylation sites, Y771, Y783, and Y1254, essential to its recruitment and activation
[20, 21]. PLC y; hydrolyzes phosphatidylinositol 4,5-biphosphate (PIP2), producing inositol
1,4,5-triphosphate (IP3) and diacyl-glycerol (DAG), which in turn, transiently increase
intracellular Ca%* and directly activate protein kinase C (PKC), respectively [20, 21]. PLC y;
recruitment to EGFR and its downstream signaling are required for EGFR-driven cell
migration [10, 11].

In addition to its intrinsic kinase activity, activated EGFR also recruits nonreceptor PTKSs,
including src family and Jak-2 PTKSs [18, 22], as well as protein tyrosine phosphatases
(PTPs), including PTP1B, PTPg, SHP-1, and SHP-2 [23-25]. These PTKs and PTPs
phosphorylate/dephosphorylate distinct tyrosine residues within the EGFR COOH-terminus
[25]. Interestingly, EGFR activation generates H,O5 [26], which can oxidize a crucial
cysteine residue within the conserved catalytic domain of PTPs, attenuating PTP activity
[27], further stabilizing and amplifying phosphotyrosine-dependent signaling. One PTP,
PTP, is highly expressed in lung, including lung epithelia [28, 29]. This receptor PTP
contains a putative ligand-binding ectodomain, a single transmembrane segment, and 2
intracellular catalytic domains, the second or COOH-terminus of which is inactive [29]. The
extracellular domain of this ~200-kDa protein contains in tandem an NHy-terminal MAM
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(Meprins A and B, Xenopus As glycoprotein, PTPmu) domain, an immunoglobulin (1g)-like
repeat, and 4 fibronectin (FN) 111-like repeats [29, 30]. The MAM domain, the Ig repeat, and
1 or more of the FN IlI-like repeats form a structural unit that is essential and sufficient for
homophilic adhesion [30-34]. In extracts of rat lung and various cell lines, PTPy interacts
with the classical cadherins, E-cadherin, N-cadherin, and cadherin-4 [35]. PTP. also
directly binds to the cytoplasmic domain of the least conserved classical cadherin, vascular
endothelial-cadherin, and counterregulates its tyrosine phosphorylation state [36]. In these
same studies, PTPx was found to maintain barrier integrity in human lung microvascular
endothelia. Whether PTPy interacts with catenins is less clear [37]. PTP. contains a target
motif in its fourth FN I11-like repeat, RPRRTKK, that is recognized and cleaved by
subtilisin/kexin-like endoproteases [38]. Such proteolytic processing results in 2 ~100-kDa
cleavage products, one of which contains almost the entire ectodomain. Whether these PTPu
fragments retain PTP or other signaling activity is unclear. Although the regulation of PTPu
expression and activity is not well understood, expression of full-length PTP. and its
proteolysis increase in cells as they achieve confluence and undergo contact inhibition [38].
In the current studies, we asked whether airway epithelial injury might reduce PTPu
expression, and whether manipulation of PTPu expression might influence EGFR
autophosphorylation and downstream signaling, thereby accelerating EGFR-driven
epithelial repair.

MATERIALS AND METHODS

Cell culture

Human lung A549 cells are an alveolar type I1 cell line derived from a lung adenocarcinoma
(American Type Culture Collection, Manassas, VA). 16HBE140™ and 1HAEo™ are simian
virus 40 (SV40) T antigen—transformed human bronchial and tracheal epithelial cell lines
that were provided by Dr. Dieter Gruenert (California Pacific Medical Center Research
Institute, San Francisco, CA). BEAS-2B is a SV40-transformed human bronchial epithelial
cell line that was provided by Dr. Sekhar Reddy (Johns Hopkins University, Baltimore,
MD). Cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) enriched with
10% fetal bovine serum (Hyclone Laboratories, Logan, UT), 5 mM L-glutamine,
nonessential amino acids, and vitamins in the presence of penicillin (50 U/mL) and
streptomycin (50 pg/mL) (Sigma). Primary human small airway epithelial cells (SAECS)
(Lonza Walkersville, Walkersville, MD) were cultured in predefined small airway growth
medium (Lonza) containing hydrocortisone, human EGF, epinephrine, transferrin, insulin,
retinoic acid, triiodothyronine, and fatty acid—free bovine serum albumin (BSA). Only
SAEC passages 2 to 4 were studied.

PTPu and EGFR immunoblotting

Cells were thoroughly rinsed with ice-cold HEPES buffer, and solubilized with ice-cold
lysis buffer containing 50 mM Tris-HC1 (pH 7.4), 1% Nonidet P-40, 0.25% sodium
deoxycholate, 150 mM NaCl, 1 mM phenylmethylsulfonyl fluoride, 1 mg/mL leupeptin, 1
mg/mL pepstatin A, 1 mg/mL aprotinin, 1 mM vanadate, 1 mM sodium fluoride, 10 mM
disodium pyrophosphate, 500 M p-nitrophenol, and 1 mM phenylarsine oxide (PAO) (all
purchased from Sigma) as described [36]. The cell lysates were assayed for protein
concentration with a Bio-Rad DC Protein assay kit (Bio-Rad Laboratories, Hercules, CA).
Equal amounts of protein were resolved by electrophoresis on 4-12% gradient sodium
dodecyl sulfate (SDS)-polyacrylamide gels (Novex, San Diego, CA) and transferred to
polyvinylidene fluoride (PVVDF) membranes (Millipore, Bedford, MA). The blots were
probed with a murine monoclonal antibody raised against the intracellular juxtamembranous
segment of PTPu (SK15; 1:500) (Santa Cruz Biotechnology, Santa Cruz, CA) followed by
horseradish peroxidase (HRP)-conjugated goat anti-mouse immunoglobulin G (IgG) (United
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Biotech, Mountain View, CA) in 5% milk, Tris-buffered saline Tween 20 (TBS-T) and
developed with enhanced chemiluminescence (ECL) (GE Healthcare Amersham,
Piscataway, NJ) [36]. In selected experiments, cell lysates were immunoblotted with murine
anti-EGFR antibodies (BD Biosciences Pharmingen, San Jose, CA) followed by HRP-
conjugated anti-mouse 1gG. To confirm equivalent protein loading and transfer, blots were
stripped with 100 mM 2-mercaptoethanol, 2% SDS, 62.5 mM Tris-HCI, pH 6.7, and
reprobed with 0.5 ng/mL of murine anti-Physarum p-tubulin 19G2b (Boehringer-Mannheim,
Indianapolis, IN) followed by HRP-conjugated anti-mouse 1gG and again, developed with
ECL. PTPx immunoreactive bands and B-tubulin bands were each quantified by
densitometry and PTPx was normalized to g-tubulin.

Adenoviral infection and other injurious stimuli

Adenovirus (Ad) encoding for green fluorescent protein (Ad-GFP) were packaged and
amplified in human embryonic kidney (HEK)293 cells. A549 cells cultured to confluence in
60-mm dishes were incubated for increasing times (1 to 6 days) with medium alone or
packaged Ad-GFP (stock viral titer = 6.3 x 1010 plaque-forming units [PFU]) at a
multiplicity of infection (MOI) of ~250. In other experiments, A549 cells were exposed to
lipopolysaccharide (LPS) (100 pg/mL, 72 hours), tumor necrosis factor (TNFa) (200 ng/
mL, 72 hours), H,O, (5 mM, 48 hours), heat shock (43°C, 1 hour), hyperosmolarity (NaCl
200 mM, 24 hours), or medium alone. At each time point, the monolayers were lysed, and
the lysates processed for PTPx immunoblotting.

Knockdown of PTPu and EGFR through siRNA technology

Small interfering RNA (siRNA) duplex products designed to target either PTPu or EGFR as
well as control siRNA duplexes that do not correspond to any known sequence in the human
genome (Dharmacon, Lafayette, CO) were preincubated with Trans-Messenger transfection
reagent (Qiagen, Valencia, CA) and the complexes presented to ~80% confluent A549 cells
for 3 hours in the absence of serum as described [36]. At 72 hours, cells were lysed and
processed for PTPx or EGFR immunoblotting. To exclude off-target knockdown, cells
transfected with PTP-targeting siRNAs were lysed and the lysates processed for
immunoblotting with antibodies raised against 2 PTPs highly homologous to PTPy, PTP
(H-75; Santa Cruz Biotechnology) [39] and PTPA (ab13223; Abcam) [40]. Once
knockdown was established, the siRNAs were transfected into cells for studies of EGFR
autophosphorylation, extracellular signal-regulated kinase 1/2 (ERK1/2) and PLC y
activation, and cell migration in wounding and chemotaxis assays as described below.

Ad-PTPu infection to overexpress PTPu

To regulate PTPy expression in A549 cells, the AdEasy Vector System (Qbiogene,
Carlsbad, CA) was used to generate a recombinant Ad encoding for wild-type PTPu (Ad-
PTP.). A cDNA insert from a PTPu plasmid that we have previously described [36] was
released by Kpn 1 and Not 1 digestion and sub-cloned into a shuttle vector (pAdTrack-
CMV; Qbiogene). The resultant shuttle plasmid was linearized through Pme 1 digestion and,
with the Ad backbone plasmid (pAdEasy-1, Qbiogene), was used to transform
electrocompetent Esherichia coli BJ5183. Recombinants were selected for kanamycin
resistance and screened for recombination by Pac 1 restriction enzyme analysis for the
appearance of 4.5-kb and 30-kb bands on agarose gel electrophoresis. The correct
recombinant plasmids were used to transform in £. co/i DH5a and bacterial lysates were
passed through Maxiprep columns (Qiagen) for purification of Ad-PTP. Ad-PTPx was
linearized with Pac 1 digestion and transfected, in the presence of Cay,PQy,, into HEK293
cells. After 7 to 10 days, cells were scraped off flasks with a rubber policeman, subjected to
3 freeze-thaw cycles, and virus harvested in the supernatants for presentation to fresh
HEK?293 cells and titration in a plaque-forming assay. A549 cells were transiently infected
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with packaged Ad-PTPu at MOIs of 5, 10, 50, 100, and 200, or an Ad-null vector control.
At 48 hours, cells were lysed and the lysates processed for PTPw, EGFR, phospho-EGFR, B
tubulin, and/or phospho-PLC y immunoblotting. In other experiments, A549 cells transiently
infected with either Ad-PTPy or Ad-null were studied for cell migration in wounding and
chemotaxis assays.

EGFR, PLCy, and ERK activation

To delineate which specific tyrosines within the cytoplasmic domain of EGFR are
counterregulated by PTP., lysates were processed for immunoblotting with a series of
defined, epitope-mapped, rabbit polyclonal anti-phospho-EGFR antibodies that recognize
Y845, Y992, Y1045, or Y1148 (Cell Signaling Technology, Danvers, MA), Y1086 (Zymed
Labs, S. San Francisco, CA), or Y1173 (Cell Signaling Technology), all contained within
the cytoplasmic domain of EGFR [18]. A murine monoclonal antibody was used to probe
for phospho-EGFR Y1068 (Cell Signaling Technology). The blots were stripped and
reprobed with anti-g-tubulin antibodies. For the PLC y studies, the membranes were
immunoblotted with rabbit anti-human phospho-PLC y (Y783) antibody (Cell Signaling
Technology) followed by goat anti-rabbit HRP-conjugated 1gG (Pierce Chemicals) and
developed with ECL [41]. To confirm equivalent protein loading and transfer, blots were
stripped and reprobed for total PLC y with rabbit anti-human PLC y antibody (Cell Signaling
Technology). For the ERK1/2 studies, the membranes were incubated with murine anti-
human phospho-ERK1/2 antibodies (Sigma) followed by HRP-anti-murine 1gG, and
developed with ECL. To confirm equivalent protein loading and transfer, blots were stripped
and reprobed with anti-ERK1/2 antibodies (Sigma).

PTPu immunolocalization

A549 cells were seeded at 0.2 x 10° or 2 x 10° cells/well on coverslips in 6-well plates and
cultured for 2 to 3 days to generate subconfluent and confluent monolayers, respectively.
Cells were washed 3 times with phosphate-buffered saline (PBS) without Ca2*/Mg?2*, fixed
(3% paraformaldehyde at 37°C for 5 minutes), permeabilized (0.5% Triton X-100 for 5
minutes), blocked (2% bovine serum albumin [BSA]/5% horse serum [Life Technologies,
Grand Island, NY] for 0.5 hour), and incubated for 1 hour with murine anti-PTPu (BK2)
antibodies (Santa Cruz) at 1:50 dilution followed by fluorescein isothiocyanate (FITC)-
conjugated goat anti-mouse 1gG (Molecular Probes, Eugene, OR) in 0.1% BSA in PBS as
described [36]. The nuclei were counter-stained with 4”,6-diamidino-2-phenylindole
(DAPI). After multiple washes, the monolayers were processed for standard fluorescence
microscopy.

Epithelial wounding assay

A549 cells and SAECs were transfected with either PTPu-targeting or control siRNAs, or
infected with either Ad-PTPy or an Ad-null vector control at an MOI of 100. Cells were
cultured to confluence in the wells of 6-well plates (Corning, Corning, NY) and serum-
starved for 4 to 6 hours. Using a sterile 200 wL pipette tip, a single wound was made across
the diameter of each monolayer, after which cell debris was removed by washing with
HEPES as described [42]. The A549 cells were then incubated for 24 hours, and the SAECs
for 6 hours, with EGF (100 ng/mL or 1.67 nM) or medium alone. At 0 hour and either 6 or
24 hours, images of each monolayer were captured using a Nikon Eclipse TS100
microscope coupled to a Nikon Cool pix 4300 camera. Cell migration into the wound was
calculated using ImageJ Software (Rasband, WS, ImageJ, US National Institutes of Health,
Bethesda, MD; http://rsb.info.nih.gov/ij/). Cell migration into a wound after 6 and 24 hours
was compared to that observed in the same wounded monolayer at 0 hour.
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Epithelial cell chemotaxis assay

Statistics

RESULTS

Gelatin-impregnated polycarbonate filters (13 mm diameter, 8.0 um pore size; Nucleopore,
Pleasanton, CA) were mounted in chemotactic chambers (Neuroprobe, Gaithersburg, MD)
as described [43]. A549 cells transfected with either PTPu-targeting or control siRNAs, or
infected with either Ad-PTPx or an Ad-null vector control at an MOI of 100, were added to
the upper compartment of each assay chamber (2.0 x 10° cells in 0.8 mL). For the SiRNA
experiments, each lower compartment contained EGF 1 ng/mL and 0.1% fetal bovine serum
(FBS) as the chemoattractants. For the Ad infection experiments, each lower compartment
contained EGF 10 ng/mL and 0.1% FBS. After 5 hours’ incubation (37°C, 5% CO,), filters
were removed, fixed (3.7% formaldehyde in PBS, 20 minutes), washed, stained with crystal
violet, washed, and the top surface of each filter scraped free of cells. The crystal violet was
then extracted from each filter with 0.1 M citric acid in 50% ethanol for 5 minutes and the
absorbance at 560 nm (Asgonm) Of extracts measured.

For those outcomes measured once per sample, a Student’s #test was used to compare
experimental versus control groups. For those outcomes measured more than once per
sample, a repeated measures analysis of variance (ANOVA) was applied using SAS PROC
MIXED with a random effects model (random intercept) and an unstructured covariance
matrix to account for the serial autocorrelation of repeated measures from the same sample.
A 2-tailed P< .05 was considered significant.

PTPu expression in human respiratory epithelia

To establish whether PTPy is expressed at the protein level in epithelial cells derived from
distinct regions of the human airway, confluent epithelia derived from the trachea (LHAEo™
cells), bronchus (16HBE140~ and BEAS-2B cells), small airways (SAECs), and alveolus
(A549 cells) were lysed and equal protein aliquots processed for PTPx immunoblotting
(Figure 1A). PTPu-immunoreactive bands reflecting both full-length (~200-kDa) and
proteolytically processed (~100-kDa) forms were detected in all 5 respiratory epithelia
tested. The 100-kDa PTPu cleavage products recognized by anti-PTPu anti-bodies have
been previously described in detail [29, 35, 38, 44-46]. After normalization to B-tubulin, the
highest levels of PTPu expression were seen in A549 cells (lane 1). PTP expression in
SAECs was ~50% of that seen in A549 cells (lane 5) and that seen in BEAS-2B cells (lane
2), 1HAEo™ cells (lane 3), and 16HBE140~ cells (lane 4) was 32%, 36%, and 39%,
respectively. It is conceivable that the apparent differences between relative abundance of
the 100-kDa form in the various cell lines may be explained through differential proteolytic
processing.

Epithelial injury reduces PTPu expression

Epithelial injury can disrupt cell-cell interactions and the epithelial barrier [5]. Adenoviruses
utilize multiple host cell receptors for attachment and internalization [47], and are known to
elicit tyrosine phosphorylation signaling events [48, 49]. Confluent A549 cells were infected
with an Ad vector expressing GFP (Ad-GFP) with an MOI of 250 or incubated with medium
alone for increasing times (1 to 6 days), after which cells were processed for PTPu
immunoblotting (Figure 1B). Over time, PTP protein expression was dramatically reduced
in Ad-infected cells compared to the medium controls. By day 1, not only was full-length
PTP (200-kDa) decreased, but also the proteolytically processed forms (~100-kDa) were
substantially diminished (lanes 1 and 2). By days 4 to 5, full-length PTP was essentially
undetectable in Ad-infected cells (lanes 8 and 10). The reduced PTPy expression in Ad-
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infected cells could not be explained through global protein synthesis inhibition; after
normalization to B-tubulin, the decrease in PTPy expression persisted (Figure 1B). The
normalized PTPy protein bands in Ad-infected cells compared to that seen in the
simultaneous controls were reduced ~60% on day 1, ~40% on day 2, ~50% on day 3, ~60%
on day 4, and >80% on day 5 (7= 3). We asked whether decreased PTPx expression was
specific to Ad infection or could result from other forms of injury. A549 cells exposed to
H»0,, TNFa, heat shock, or hyperosmolarity all displayed a variable reduction of PTPu
expression (Figure 1C). In H,O,-treated cells, normalized PTPy expression was reduced
~65% (1= 20) (lane 2 vs 1), in TNFa-treated cells, ~45% (n= 3) (lane 4 vs 3), after heat
shock, ~25% (7= 2) (lane 8 vs 7), and after hyperosmolar stress, ~35% (/7= 18) (lane 10 vs
9). After exposure to H,O5, the ~100-kDa band appeared as a doublet (lane 2). It is
conceivable that this altered gel mobility results from oxidation of PTPy as has been
described [27]. In contrast, the relative abundance of PTPy protein in LPS-exposed cells
was not diminished (n7= 3) (lane 6 vs 5).

The ectodomains of PTP expressed on neighboring cells extend into the paracellular space
where they participate in strict homophilic adhesion [32]. Here, PTP remains trapped at the
intercellular boundaries where its half-life is prolonged [38, 46]. To address whether the
reduction of PTPu expression in Ad-infected cells could be explained through loss of cell-
cell contacts, confluent and subconfluent non-infected cells were analyzed for PTPu
expression (Figure 2). Using fluorescence microscopy to detect and immunolocalize PTPu
in confluent A549 cells, PTP. staining was robust and found throughout the cytoplasm
(Figure 2A, panel iii). In the subconfluent state, diminished PTPx staining was detected in
the perinuclear region (Figure 2A, panel iv). Similar to what was found in Ad-infected cells
(Figure 1B), PTPu expression was markedly reduced in the lysates of subconfluent cells
compared to confluent cells (>50% reduced, n = 23) (Figure 2B; lane 2 vs 1). Again, full-
length PTP (~200-kDa) was undetectable in subconfluent cells and the proteolytically
processed forms (~100-kDa) were reduced. These combined data indicate that PTPx protein
expression is elevated in confluent, contact-inhibited cells and reduced coincident with loss
of cell-cell contacts.

PTPu counterregulates tyrosine phosphorylation of EGFR

A number of receptor and nonreceptor PTPs are known to dephosphorylate tyrosine residues
within receptor PTKSs, including EGFR [23, 24, 26, 27]. We asked whether PTPx might
influence EGFR autophosphorylation in lung epithelial cells. High PTPw-expressing
confluent A549 cells were transfected with either PTPu-targeting or control siRNAs, and
after 48 hours, were lysed, and the lysates processed for PTPz immunoblotting (Figure 3A).
After transfection with PTPu-targeting siRNAs, full-length PTP. and its proteolytically
processed forms were all reduced to almost undetectable levels (Figure 3A, lane 2). Further,
siRNA-induced knockdown of PTP. did not alter protein expression of either of 2 full-
length PTPs highly homologous to PTPu, PTPx, and PTPA (Figure 3B). To determine
whether such decreases in the level of PTPu expression influenced EGFR expression, or
conversely, whether the level of EGFR expression influenced PTPu expression, the effect of
siRNA-induced knockdown of each protein on expression of the other protein was defined
(Figure 3C). After knockdown of PTPu, EGFR protein expression was unchanged and after
knockdown of EGFR, PTPu protein expression remained unchanged. To establish whether
PTPu might regulate EGFR tyrosine autophosphorylation, A549 cells transfected with
PTP-targeting or control sSiRNAs were exposed for 10 minutes to EGF (100 ng/mL) or
medium alone, and were processed for phospho-EGFR immunoblotting with antibodies that
recognize specific EGFR phosphotyrosines (PY845, PY992, PY1045, PY1068, PY1086,
PY1148, or PY1173) (n= 3) (Figure 3D). Under un-stimulated conditions, PTPu
knockdown increased phosphorylation of Y992 ~10-fold and Y1068 >20-fold (lanes 1 and
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2). Under these basal conditions, no changes in signal for PY845, PY 1045, PY 1086,
PY1148, or PY1173 were detected. In control siRNA-transfected cells, the increases in
phosphorylation of several tyrosine residues, Y1068 and Y1173, in response to EGF was
minimal (lane 3 vs lane 1). In response to the EGF stimulus, PTPu knockdown increased
phosphorylation of Y845 (8.8-fold), Y992 (8.0-fold), Y1045 (4.5-fold), Y1068 (14-fold),
Y1086 (3.5-fold), and Y1173 (3.0-fold), but not of Y1148 (1.1-fold) (lanes 3 and 4). Of
interest, Y845 is not an autophosphorylation site but rather a phosphorylation site for src
family PTKSs [18]. It is conceivable that PTPx might also influence src signaling. Transient
infection of A549 cells with increasing MOIs of Ad-PTP resulted in dose-dependent
overexpression of PTPu normalized to S-tubulin from 5.7-fold (lane 2 vs 1) to 117-fold
(lane 6 vs 1) (Figure 4A). In these same cells, EGFR expression remained unchanged. The
effect of PTPu overexpression on Y992 and Y1068 phosphorylation was assessed (Figure
4B, C). Overexpression of PTP in EGF-treated cells decreased EGFR autophosphorylation
of both Y992 (58% reduction) (Figure 4B, lane 4 vs 3) and Y1068 (42% reduction) (Figure
4C, lane 4 vs 3). However, these decreases relative to the Ad-null control were far less than
were the increases seen after PTPu knockdown relative to the siRNA control (Figure 3D).
Further, PTP overexpression did not decrease phosphorylation of other EGFR tyrosine
residues tested (data not shown). These combined data indicate that in lung epithelial cells,
especially in the presence of EGF stimulation, PTPy selectively restrains phosphorylation of
EGFR Y845, Y992, Y1045, Y1068, Y1086, and Y1173, but not of Y1148. Clearly, PTPu
depletion more readily altered EGFR autophosphorylation than did PTP overexpression.

The effect of PTPu expression on EGFR Y1086 and Y992 phosphorylation and ERK1/2 and
PLCy activation

PTPu restrains phosphorylation of specific tyrosine residues within EGFR (Figures 3D and
4B-C) and the phosphorylation state of each tyrosine is coupled to recruitment and
activation of downstream signaling molecules [18]. EGFR autophosphorylation of Y1086
provides the dominant but not exclusive docking site for the adaptor molecule Shc, which
can, through its interaction with Grb2, elicit ERK1/2 activation [18]. These signaling
intermediates participate in the key cellular functions of proliferation and survival, 2
processes that contribute to epithelial repair and restitution [1]. Accordingly, A549 cells
transfected with either PTP-targeting or control sSiRNAs were incubated for increasing
times with EGF, after which they were processed for phospho-EGFR Y1086
immunoblotting (Figure 5A). PTPu knockdown increased Y1086 phosphorylation relative
to the simultaneous controls in response to the EGF stimulus, 1.7-fold (lane 2 vs 1) to 5.5-
fold (lane 10 vs 9), at 2, 5, 20, 40, and 60 minutes. The EGF-induced increase in PY1086
signal was transient in that it decreased at 220 minutes (lanes 9, 11, and 13). In PTPu-
depleted cells, the PY 1086 signal was more sustained and did not decrease until 60 minutes
(lane 14). Under identical conditions, A549 cells were studied for ERK1/2 activation (Figure
5B). Although EGF increased phospho-ERK1/2 levels within 10 minutes, PTPu knockdown
was not associated with any further increases in ERK1/2 phosphorylation.

EGFR autophosphorylation of Y992 provides a docking site for PLC y [18, 19] whose
activation is a prerequisite to EGFR-mediated cell migration [10, 11]. Again, A549 cells
were transfected with either PTPu-targeting or control sSiRNAs and exposed for increasing
times to EGF. Here, the cells were studied for EGFR Y992 phosphorylation (Figure 5C) and
PLC 91 activation (Figure 5D). PTPu knockdown was associated with increased Y992
phosphorylation relative to the simultaneous controls in response to the EGF stimulus, 1.4-
fold (lane 2 vs 1) to 9-fold (lane 14 vs 13), at 2, 5, 10, 20, and 60 minutes (Figure 5C). These
increases in Y992 phosphorylation paralleled increases in PLC 3, phosphorylation, 1.7-fold
(lane 6 vs 5) to >5.0-fold (lane 4 vs 3), at 2 to 60 minutes (Figure 5D). Over this same time
period, B-tubulin (Figure 5C) and total PCL 1 protein (Figure 5D) expression remain
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unchanged. These data indicate that PTP restrains EGFR Y992 phosphorylation, which, in
turn, limits PCL 1 activation, a key regulator of cell migration. Although PTPu
overexpression diminished Y992 phosphorylation (Figure 4B), it did not consistently
diminish PLC 1 phosphorylation (data not shown).

PTPu restrains EGFR-driven A549 cell migration in wounding assay

Since PTPu knockdown increases autophosphorylation of both EGFR Y992 and Y1173, the
docking sites for PLC y1, and activation of PLC y itself (Figure 5D), whereas PTPu
overexpression diminishes Y992 phosphorylation (Figure 4B), we asked whether changes in
PTP expression could be coupled to increases in the EGFR-driven migratory response.
A549 cells transfected with either PTPu-targeting or control siRNAs, or transiently infected
with Ad-PTPu or Ad-null, were studied in the presence or absence of EGF for migration in
a wounding assay. In this assay, cell migration into a wound was calculated as the area
across which cells moved over 24 hours relative to 0 hour for the same monolayer, using
ImageJ software. Representative results for one knockdown (Figure 6A) and one
overexpression (Figure 6C) experiment are presented. Mean (x SE) migration for each of the
experimental and control groups were quantified (Figure 6B and D). In cells transfected with
either PTPu-targeting or control sSiRNAs, EGF modestly increased cell migration compared
to the simultaneous medium control. Under basal conditions, PTPx knockdown increased
cell migration by 23.4% compared to control siRNA-transfected cells (/7= 5) but this
increase did not quite attain statistical significance (£ =.054). However, PTPu knockdown
in EGF-stimulated cells increased cell migration by 29% (n7=5; P< .04). Therefore, PTPu
restrains EGF-driven cell migration. In cells transiently infected with either Ad-PTP or
Ad-null, again, EGF increased cell migration compared to the simultaneous medium control.
Under basal conditions, PTPu overexpression was not associated with any alterations in cell
migration. In EGF-stimulated cells, although PTP overexpression diminished mean cell
migration by 20% (7= 4), this decrease did not attain statistical significance (P=.19). These
studies indicate that diminished levels of PTPu expression influence the number of A549
cells that appear in the wound. That PTP. overexpression was not associated with altered
cell migration would suggest that once PTP expression exceeds a given threshold, further
tyrosine dephosphorylation does not occur, or if it does, it is not coupled to changes in the
migratory response. That PTPx might increase cell numbers in the wound through increases
in proliferation was excluded with cell counts in triplicate over 24 hours (data not shown).
These combined data indicate that PTPw restrains A549 cell migration in response to an
EGF stimulus.

PTPu restrains EGFR-driven A549 cell migration in a chemotaxis assay

Since cells must first reduce cell-cell contact with neighboring cells at the wound margin to
migrate, and PTPx is known to associate with and dephosphorylate ZA proteins [36], we
asked whether PTPx might also directly influence cell motility. Unattached suspended A549
cells, transfected with either PTPu-targeting or control siRNAs, or transiently infected with
Ad-PTP or Ad-null, were studied in the presence or absence of EGF for migration in a
chemotaxis assay (Figure 7). In cells transfected with either PTPu-targeting (P < .004) or
control siRNAs (P <.06), EGF modestly increased cell migration compared to the
simultaneous medium controls. Under basal conditions, PTPx knockdown was not
associated with altered cell migration (7= 13). In EGF-stimulated cells, PTPx knockdown
increased cell migration by 18.3% (7= 13) (P<.03). In cells transiently infected with either
Ad-PTP or Ad-null, again, EGF modestly increased cell migration compared to the
simultaneous medium control. In these same cells, PTPu overexpression diminished cell
migration by 11.5% (n=17) (P<.05). In the presence of EGF, PTP overexpression
decreased cell migration by 9.0% (7= 17), but this decrease did not reach statistical
significance (P =.18). These combined data indicate that in suspended nonadherent
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epithelial cells, PTPu expression, within physiological ranges, regulates EGFR-driven cell
motility. However, supraphysiological levels of PTP did not further alter EGF-stimulated
migration.

PTPu restrains EGFR-driven SAEC migration in wounding assay

PTP. is expressed in both A549 cells and SAECs (Figure 1A). PTPu depletion in A549
cells enhances cell migration (Figures 6A-B and 7A). Since A549 cells are transformed
tumor cells, we asked whether human primary SAECs might similarly respond to PTPu
depletion in the wounding assay (Figure 8). SAECs were transfected with either PTPp-
targeting or control siRNAs, cultured to confluence, lysed, and the lysates processed for
PTPu immunoblotting (Figure 8A). In SAECs, PTPu was knocked down >80%. In other
experiments, confluent cells were wounded and cultured for 6 hours in the presence or
absence of EGF (100 ng/mL) (Figure 8B-C). In cells transfected with either PTPp-targeting
or control siRNAs, EGF increased cell migration compared to the simultaneous medium
control (Figure 8C). The SAECs migrated more in 6 hours (Figure 8C) than did A549 cells
over 24 hours (Figure 6B). Further, the SAECs were more EGF responsive. In the absence
of EGF stimulation, PTPx knockdown increased cell migration by >2.0-fold compared to
control siRNA-transfected cells (7= 6; £<.0001) (Figure 8C). PTPu knockdown in EGF-
stimulated cells increased cell migration, again, by >2.0-fold (7= 6; £<.0001) (Figure 8C).
Since the wounding assays with SAECs were all performed within 6 hour, the increased
cells within the wound, again, could not be explained through cell proliferation. Therefore,
PTP. depletion in primary human SAECs enhances cell migration under basal conditions
and, to a greater extent, in response to the EGF stimulus. These combined data (Figures 6-8)
indicate that PTPy restrains SAEC migration under basal conditions, whereas it
counterregulates migration of both A549 cells and SAECs in response to the EGF stimulus.
Of note, the influence of PTPx on the EGFR-driven migratory response in the more
clinically relevant primary respiratory epithelia (Figure 8) was more robust than that seen in
transformed A549 cells (Figures 6-7).

DISCUSSION

In these studies, PTP protein was detected in lung airway epithelia (Figure 1A). In these
same cells, diverse forms of injury (Figure 1B—C) and subconfluent growth (Figure 2B) each
dramatically reduced PTPu expression. PTPu knockdown was associated with increased
EGFR tyrosine phosphorylation (Figure 3D). Under basal conditions, PTPx knockdown
selectively increased EGFR phosphorylation of Y992 and Y1068 (lanes 1 and 2). In
response to an EGF stimulus, PTPx knockdown selectively increased phosphorylation of
Y845, Y992, Y1045, Y1068, Y1086, and Y1173 (lanes 3 and 4). Such manipulation of
PTP expression did not alter EGFR expression (Figure 3C). Conversely, ectopic PTPu
overexpression decreased Y992 and Y1068 phosphorylation (Figure 4B-C). In the presence
of EGF, PTPu knockdown increased and sustained both Y992 phosphorylation and PLC 3,
activation over time (Figure 5C-D). Finally, in both wounding and chemotaxis assays,
PTPu knockdown modestly increased EGFR-driven migration of A549 cells (Figures 6-7)
and, to a greater extent, migration of the more clinically relevant SAECs (Figure 8).

Ad is a nonenveloped, double-stranded DNA virus that recognizes multiple receptors that
dictate tissue tropism, virus entry, intracellular signaling, and the host cell response [47].
Selected Ad-host receptor interactions can be coupled to tyrosine phosphorylation events,
including activation of c-src, ERK1/2, and focal adhesion kinase [48, 49]. Since Ad
infection markedly reduced PTPu expression (Figure 1B), it is conceivable that one or more
of these Ad-induced tyrosine phosphorylation events may be amplified and/or stabilized. We
then asked whether other forms of airway epithelial injury might also reduce PTPu
expression. Diverse injurious stimuli, including oxidant stress with H,O,, exposure to the
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proinflammatory cytokine, TNFa, and hyperthermia and hyperosmolar conditions, all
reduced PTPy expression (Figure 1C). However, a challenge with bacterial LPS did not.
LPS is known, through the Toll-like receptor 4 pathway, to transcriptionally activate
multiple downstream genes [50]. Whether PTPx might be one of these up-regulated gene
products is unknown. Of interest, H,O,, TNFa, heat shock, and hyperosmotic conditions
each are known to transactivate EGFR [51, 52], whereas LPS does not (S.E.G., unpublished
data). Whether the ability of a specific injurious stimulus to reduce PTPy expression can be
coupled to its ability to activate EGFR is unclear. In fact, EGFR signaling has been shown to
downregulate another receptor PTP, LAR (Leukocyte Common Antigen Related)-PTP,
through TNFa converting enzyme-mediated proteolysis [53]. PTPu is proteolytically
processed by proprotein convertase (PC)5, a member of the subtilisin/kexin-like PC family
[38] as well as another family member, furin, together with ADAM (A Disintegrin And
Metalloproteinase)10, followed by intramembranous cleavage through y-secretase activity
[44]. Receptor PTPs have been classified into 8 distinct subfamilies based on the similarity
of their extracellular domains [30]. PTP belongs to the type I1b subfamily whose members
each contain an NHy-terminal MAM domain together with Ig-like and FN type 111 domains
[29, 30]. This group includes PTPu, PTPx, PTPA, PCP2, and PTPp. Like PTPy, a number
of these PTPs each contain a target motif (RXK/RR) recognized by the subtilisin/kexin-like
endoproteases [38]. Whether the reduction of PTP. expression in response to these injurious
stimuli can be explained through EGFR activation and/or proteolytic processing and/or
whether other related receptor PTPs might be similarly reduced is unclear and currently
under study.

As cell density increases, the relative abundance of full-length PTP protein increases
(Figure 2B) [38]. At confluence, the 200-kDa PTPu species increases ~4-fold relative to its
expression under subconfluent conditions. Opposing PTPx ectodomains on neighboring
cells homophilically interact [32], whereas the cytoplasmic domain directly associates with
cell-cell adherens junctions through the cadherins [35, 36, 45]. These homophilic and
heterophilic interactions trap PTPu at the cell-cell interface where its half-life is markedly
prolonged [38, 46]. Since cell-cell contact is associated with dramatic increases in PTPu
protein [38], we asked whether the reduction of PTP. in response to injury might be
mediated through loss of cell-cell contacts. To address this question, the relative abundance
of PTPu protein in subconfluent cells was compared to confluent cells. Subconfluent cells
displayed a reduction in PTP. expression relative to that seen under confluent conditions
(Figure 2B) that was comparable to that seen with injury (Figure 1B and C). It is
conceivable that loss of homophilic interaction between PTP ectodomains serves as the
biological switch for decreased PTPy protein expression. Similarly, other homophilically
adhering, membrane-spanning, junctional proteins that extend into and across the
paracellular space, such as the cadherins, might also participate [54]. Differentiated human
airway epithelia are quiescent with a low rate of cell division [5]. Under resting conditions,
the tight junctions of these polarized and contact-inhibited cells segregate apical and
basolateral membranes, including the membrane-spanning ErbB proligands and ErbB
receptors they contain [5]. In response to injury where cell-cell contact is lost, ErbB ligands
gain access to and activate ErbB receptors [5]. We now have demonstrated that coincident
with loss of cell-cell contacts and ErbB receptor activation, PTPu expression is reduced
(Figure 2B) and EGFR receptor phosphorylation (Figure 3D) and downstream signaling
(Figure 5D) amplified. It is conceivable that during the airway epithelial response to diverse
forms of injury, in which cell-cell integrity is mechanically or biochemically perturbed,
PTP expression is reduced so as to amplify the tyrosine phosphorylation events required
for epithelial restitution and repair. Whether this PTP. depletion provoked by injury can be
explained through changes in transcription and/or translation is unknown and is currently
under study.
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Upon activation, EGFR homo- and heterodimerizes with other ErbB receptors [18]. The
kinase domain of each of these receptors phosphorylates tyrosine residues within the
cytoplasmic portion of its ErbB binding partner. At the same time, other PTKSs, such as
SFKs and Jak-2, also phosphorylate tyrosines within these same receptors. Upon
phosphorylation, these tyrosines provide docking sites for signaling molecules containing
SH2- and phosphotyrosine-binding domains, the recruitment of which is coupled to
downstream signaling pathways and cell responses [18]. Knockdown of PTPu selectively
increased phosphorylation of Y845, Y992, Y1045, Y1068, Y1086, and Y1173 (Figure 3D),
whereas PTPu overexpression decreased Y992 and Y1068 phosphorylation (Figure 4B—C).
Phosphotyrosines PY1068 and PY 1086 can serve as docking sites for the adapter protein,
Grb-2, which participates in ERK1/2 activation [18]. Although PTP knockdown increased
Y1086 phosphorylation over a sustained (=1 hour) period (Figure 5A), over this same time,
no increase in ERK1/2 activation was detected (Figure 5B). Over this same time period,
PTPu knockdown also increased phosphorylation of Y992 (Figure 5C), the docking site for
PLC 1 [18, 19], as well activation of PLC 1 itself (Figure 5D), a prerequisite signaling
event essential to EGFR-driven epithelial cell migration [10, 11]. Just as PTPu knockdown
in the presence of EGF increased Y992 phosphorylation (Figures 3D and 5C), PTPu
knockdown increased cell migration in response to the EGF stimulus (Figures 6B, 7A, and
8C). Although not tested in these studies, PTPx might also influence signaling events
downstream to PLCy4, including PIP, hydrolysis, generation of IP3 and DAG, increases in
cytosolic Ca2*, and PKC activation [20, 21]. It is also possible that PTPx depletion might
play a permissive role for migration through cadherin and/or catenin tyrosine hyper-
phosphorylation and adherens junction disassembly [36]. Finally, PTP depletion was far
more efficient at increasing EGFR and PLC y phosphorylation (Figures 3D and 5D) than
PTP overexpression was at decreasing either event (Figure 4B—C and data not shown).
These results are consistent with the greater ability of PTP. depletion to increase A549 cell
migration (Figures 6B and 7A) than could PTP overexpression diminish it (Figures 6D and
7B). That PTP overexpression was not associated with altered cell migration would
suggest that once PTP expression exceeds a given threshold, further tyrosine
dephosphorylation does not occur, or if it does, it is not coupled to changes in the migratory
response.

In summary, EGFR activation is a key component to the airway epithelial response to
disruptive denuding injury. First, EGFR ligands, such as TGFa, are increased in both the
lungs of experimental animals [55] and the pulmonary edema fluids of patients [56, 57] with
acute lung injury. Further, a wide range of diverse injurious stimuli can activate EGFR,
including heat shock [51], ultraviolet (UV) and y radiation [51, 58, 59], oxidant stress with
H,0, [51], heavy metals [59], alkylating agents [51], hyperosmotic conditions [51], as well
as the endogenous mediators, thrombin [60], TNFa [52], and platelet-activating factor [61].
As cell-cell integrity is compromised, intercellular junctions are disassembled and EGFR
ligands permitted access to their respective receptors [5]. The current studies indicate that a
component of the host repair program elicited by a disruptive epithelial cell injury is a
coordinate reduction of PTPu expression. This diminished PTPy activity permits
hyperphosphorylation of specific EGFR tyrosines, including the docking sites for PLC y1,
sustained PLC y activation, and a modestly increased migratory cellular response. The
EGFR-mediated migratory response studied here was driven by EGF, only 1 of at least 7
known high-affinity EGFR ligands [62]. In the intact lung, where multiple EGFR ligands are
coexpressed, the EGFR-driven epithelial repair program and its response to PTPu
counterregulation may be more robust. Further, other MAM domain-containing
homophilically interacting receptor PTPs [39, 40, 63], like PTPx, may also be reduced in
response to epithelial injury. EGFR activation in concert with reduced PTP expression may
be a pivotal component in a final common pathway for the host response to a subset of
injurious stimuli leading to acute airway epithelial injury.
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FIGURE 1.

Diverse injurious stimuli reduce PTPy expression in human respiratory epithelia. (A)
Postconfluent respiratory epithelia, including A549 cells (lane 1), BEAS-2B cells (lane 2),
1HAEoO™ cells (lane 3), 16HBE140™ cells (lane 4), and SAECs (lane 5), each were lysed and
the lysates processed for immunoblotting with SK15 anti-PTP antibodies. (B) Confluent
A549 cells were infected with Ad-GFP at an MOI of 250 or cultured in medium alone for 1
to 6 days. On days 1, 2, 3, 4, and 5, infected and control cells were lysed and the lysates
processed for PTPx immunoblotting. (C) Postconfluent A549 cells were exposed to H,0, (5
mM, 48 hours), TNFa (200 ng/mL, 72 hours), LPS (100 pg/mL, 72 hours), heat shock
(43°C, 1 hour), hyperosmolarity (200 mM NacCl, 24 hours), or medium alone. Cells were
lysed and the lysates processed for PTPz immunoblotting. To control for protein loading
and transfer, blots were stripped and reprobed for g-tubulin. Molecular weight in kDa is
indicated on left. Arrows on right indicate the full-length (~200-kDa) and proteolytically
processed (~100-kDa) PTPx immunoreactive bands. 1B = immunoblot; IB* = immunoblot
after stripping. Each blot is representative of =3 independent experiments.
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FIGURE 2.

Loss of cell confluence reduces PTPu expression. A549 cells were seeded at 0.2 x 10° or 2
x 10° cells per well on coverslips in 6-well plates and cultured for 2 to 3 days to generate
subconfluent and confluent monolayers. (A) Cells were fixed, permeabilized, and probed
with murine BK2 anti-PTPy antibodies followed by FITC-conjugated goat anti-mouse 1gG
for phase-contrast and fluorescence microscopy (400x). Nuclei were counterstained with
DAPI. Arrows indicate PTPu signal. (B) Confluent (lane 1) and subconfluent (lane 2) cells
were lysed and the lysates processed for PTPx immunoblotting. Blots were stripped and
reprobed for A-tubulin. 1B = immunoblot; IB* = immunoblot after stripping. Molecular
weight in kDa is indicated on left. Arrows on right indicate PTPz immunoreactive bands.
Blot is representative of two independent experiments. (Color figure available online.)
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FIGURE 3.

siRNA-mediated knockdown of PTP increases EGF-stimulated EGFR tyrosine
phosphorylation. (A) A549 cells at 80% confluence were transfected with control sSiRNA
duplexes (lane 1) or PTPu-targeting siRNAs (lane 2), lysed, and the lysates were processed
for PTPw immunoblotting. (B) A549 cells transfected with PTPyu-targeting or control
SiRNAs were processed for immunoblotting with anti-PTP x and anti-PTPA antibodies. (C)
A549 cells were transfected with PTPu-targeting, EGFR-targeting, or control sSiRNA
duplexes, lysed, and the lysates processed for either PTP (lanes 1 and 2) or EGFR (lanes 3
and 4) immunoblotting. (D) A549 cells were transfected with control siRNA duplexes (lanes
1 and 3) or PTPu-targeting siRNAs (lanes 2 and 4), after which they were serum starved for
24 hours and treated for 10 minutes with EGF (100 ng/mL) (lanes 3 and 4) or medium alone
(lanes 1 and 2). Cells were lysed and the lysates processed for phospho-EGFR
immunoblotting with antibodies to specific phosphotyrosine residues including PY 845,
PY992, PY1045, PY1068, PY1086, PY1148, and PY1173. To control for protein loading
and transfer, blots were stripped and reprobed for g-tubulin. In A, B, and C, IB =
immunoblot and 1B = immunoblot after stripping. Molecular weight in kDa indicated on
left of blot. These blots are representative of >3 independent experiments.
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FIGURE 4.

PTPu overexpression decreases EGF-stimulated EGFR tyrosine phosphorylation. (A) A549
cells were transiently infected with increasing MOlIs of Ad-PTP. or incubated with medium
alone. At 48 hours, cells were lysed and the lysates processed for PTPx immunoblotting.
Blots were stripped and reprobed for total EGFR and g-tubulin. Molecular weight in kDa is
indicated on the left. (B and C) A549 cells were transiently infected with Ad-PTP or Ad-
null (MOI = 100). At 24 hours, the cells were serum starved for an additional 24 hours, after
which they were treated for 10 minutes with EGF (100 ng/mL) (lanes 3 and 4) or medium
alone (lanes 1 and 2). Cells were lysed and the lysates processed for phospho-EGFR
immunoblotting with antibodies to either PY992 (B) or PY1068 (C). To control for both
PTP expression and protein loading and transfer, blots were stripped and reprobed for
PTPu and B-tubulin. 1B = immunoblot; IB* = immunoblot after stripping. Arrows on right
indicate full-length (~200-kDa) and proteolytically cleaved (~100-kDa) PTPu
immunoreactive bands. Each blot is representative of =2 independent experiments.

Exp Lung Res. Author manuscript; available in PMC 2013 January 31.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Hyun et al.

Page 21

A 1 2 3 4 5 6 7 8 9 10 11 12 13 14
o | e SHEDES B0 W
B |

siRNA Control PTPr  Control PTPu Control PTPu Control PTPi Control PTPu Control PTPe  Control PTPu

EGF (min) 0 2 5 10 20 40 60

B 1 2 3 4 5 6 7 8 9 10 1 12 13 14

pERK1/2| ———== BEE o T = : |

Total ERK "_-’.-'" m‘

siRNA  Control PTPx  Control PTPu Control PTPu Control PTPu Control PTPu  Control PTPx Control PTPu

EGF (min) 0 2 5 10 20 40 60
C 1 2 3 4 5 6 7 8 9 10 11 12 13 14
PY992 | i . o - -— -
B-Tubuli I — "‘I
SiRNA Control PTPu Control PPy Control PTPx  Control PTPx  Control PTPu Control PTPu Control PTPu
EGF (min) 0 2 5 10 20 40 60
D 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Phospho-PLCy1 [- e . WD v D e - - -I

PLCy1 I---—----- e e Gge = —I
siRNA  Control PTPu  Control PTPu  Control PTPu  Control PTPu  Control PTPy  Control PTPx Control PTPu
EGF (min) 0 2 5 10 20 40 60

FIGURE 5.

Reduced PTPu expression increases EGFR phosphorylation on Y992 and Y1086 and
activates PLC 4 without altering ERK1/2 phosphorylation. A549 cells were transfected with
control or PTPyu-targeting SiRNA duplexes, after which they were serum starved for 24
hours prior to treatment for increasing times with EGF (100 ng/mL) or medium alone. (A)
Cells were lysed and lysates processed for phospho-EGFR (Y 1086) immunoblotting. (B)
The same samples were immunoblotted for phosphoERK1/2. To control for loading, blots
were stripped and reprobed for total ERK. (C) Cells were lysed and lysates processed for
phospho-EGFR (Y992) immunoblotting. (D) Cell were lysed and lysates processed for
phospho-PLC 41 immunoblotting. To control for loading, blots were stripped and reprobed
for total PLC 4. In A and C, to control for loading, blots were stripped and reprobed for S-
tubulin. These blots are representative of >3 experiments.
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PTP counterregulates A549 cell migration in a wounding assay. A549 cells were
transfected with PTPy-targeting or control siRNAs, or transiently infected with Ad-PTPy or
Ad-null (MOI =100), and cultured to confluence in the wells of 6-well plates. After 48
hours, serum-starved monolayers were wounded with a sterile pipette tip, washed, and
cultured for 24 hours in the presence and absence of EGF (100 ng/mL). (A and C) At 0 and
24 hours, triplicate images of each monolayer were captured through a microscope (100x%),
and migration into the wound at 24 hours compared to that seen in the same wounded
monolayer at 0 hour. Dotted lines indicate wound boundaries at 0 hour. (B and D) Mean (+
SE) migration of cells into the wound was measured in each well in triplicate. 7, the number
of independent experiments, is indicated. *Significantly increased compared to the control
siRNA-transfected cells at £ < .05.
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FIGURE 7.

PTPu counterregulates A549 cell migration in a chemotaxis assay. (A) A549 cells
transfected with either PTPu-targeting or control siRNAs were placed in the upper
compartments of chemotaxis chambers at 2 x 10° cells in 0.8 mL/chamber. The lower
compartments contained EGF 1 ng/mL and 0.1% FBS. (B) A549 cells were infected with
either Ad-PTPy or Ad-null at MOI of 100 and added to the upper compartments of
chemotaxis chambers (2 x 10° cells/chamber) in which each lower compartment contained
EGF 10 ng/mL and 0.1% FBS. After 5 hours, filters were removed, fixed, stained with
crystal violet, washed, and the top surface scraped free of cells. The crystal violet was
extracted from each filter and Agggnm measured. Each vertical bar represents mean (+ SE)
cell migration. The number of independent experiments are indicated within the

bars. “Significantly increased compared to the control siRNA-transfected cells at P< .

05. **Significantly decreased compared to the Ad-null infected cells at P< .05.
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FIGURE 8.

PTPu counterregulates SAEC migration in a wounding assay. (A) Confluent primary human
small airway epithelial cells (SAECs) were transfected with control (lane 1) or PTPu-
targeting (lane 2) siRNAs, lysed, and the lysates processed for PTPx immunoblotting. To
control for protein loading and transfer, blots were stripped and reprobed for g-tubulin. IB =
immunoblot; IB* = immunoblot after stripping. (B and C) In other studies, SAECs
transfected with PTPy-targeting or control sSiRNAs were cultured to confluence in the wells
of 6-well plates (7= 6). After 48 hours, serum-starved monolayers were wounded with a
sterile pipette tip, washed, and cultured for 6 hours in the presence or absence of EGF (100
ng/mL). (B) At 0 and 6 hours, triplicate images of each monolayer were captured through a
microscope and migration into the wound at 6 hours was compared to that seen in the same
wounded monolayer at 0 hour. Dotted lines indicate wound boundaries at 0 hour (100x). (C)
Mean (+ SE) migration of cells into the wound was measured in each well in triplicate.
*Significantly increased compared to the control siRNA-transfected cells at A< .05.
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