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Abstract

P120 catenin (p120ctn) is an adherens junction protein recognized to regulate barrier function, but
emerging evidence indicates that p120ctn may also exert control on other cellular functions such
as transcriptional suppression of genes. We investigated the hypothesis that loss of p120ctn in
human endothelial cells activates transcription of pro-inflammatory adhesion molecules. For
study, siRNA targeted to p120ctn was transfected into brain microvascular (HBMECS) or
pulmonary artery endothelial cells (HPAECs) for 24-120 hr, which depleted 50-80% of
endogenous p120ctn. This loss of p120ctn resulted in increased promoter reporter activity of
transcription factors, NFxB, AP-1, and Kaiso, as well as of target genes, MMP-1 and ICAM-1.
Real-time RT-PCR analysis indicated that the mRNA for ICAM-1, VCAM-1, and E- and P-
selectins were all upregulated during the period of 24-120 hr of p120ctn depletion, although the
time-course and extent of the expression profiles differed. The upregulated mRNA of adhesion
molecules corresponded with increased PMN adhesion to the EC surface and elevated ICAM-1
protein expression. We further explored the role of ERK1/2 as a potential signaling mechanism
responsible for regulation of transcriptional activities by p120ctn. Results indicated that loss of
p120ctn increased phosphorylated ERK1/2, and a MEK1 inhibitor (PD98059) prevented NF«xB
nuclear translocation. This implicates ERK1/2 in signaling the NF«B activation induced by
p120ctn loss. The findings provide strong evidence that deficiency in p120ctn expression in
endothelial cells is a potent stimulus for transcriptional upregulation of multiple adhesion
molecules. We conclude that p120ctn functions to suppress transcription, which is an important
and novel regulation in vascular endothelium.
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INTRODUCTION

Emerging evidence indicates that p120 catenin (p120ctn), a critical protein of the adherens
junction (AJ), has the ability to regulate endothelial function beyond its role in vascular
endothelial permeability. Not only does p120ctn directly bind cadherins of the AJ to control
cell-cell adhesion (Davis et al., 2003; lyer et al., 2004; Xiao et al., 2003), it can also bind
transcription factors [i.e., Kaiso and Glis2 (Daniel and Reynolds, 1999; Hosking et al.,
2007)], signaling molecules such as RhoA (Anastasiadis et al., 2000; Castano et al., 2007),
protein kinases (Piedra et al., 2003) and protein phosphatases (Holsinger et al., 2002;
Keilhack et al., 2000; Zondag et al., 2000), indicating a formidable array of binding partners
and underscoring the potential multiple cellular activities regulated by p120ctn. Yet, to date,
the significance of these emerging roles of p120ctn in endothelial physiology and
pathophysiology remains unknown. Recently, we investigated p120ctn and one of its
binding partners, the transcription factor Kaiso, in regulation of transcription in endothelial
cells (ECs). The study found that p120ctn suppresses Kaiso-dependent transcription activity
in human vascular ECs (Zhang et al., 2010), providing the first evidence of a transcriptional
role of p120ctn in endothelium.

Recent reports link inappropriate expression of p120ctn with enhanced pro-inflammatory
activities of several tissues. The experimentally-induced loss of p120ctn expression (i.e.,
using RNA. or knock-out mice) in turn increased cytokine levels (Perez-Moreno et al., 2006;
Wang et al., 2010), increased leukocyte extravasation (Perez-Moreno et al., 2006; Smalley-
Freed et al., 2010), and induced activation of transcription factor NFxB (Perez-Moreno et
al., 2006; Wang et al., 2010). Various pathological conditions such as lipopolysaccharide-
induced bronchial epithelial injury (Wang et al., 2010), ulcerative colitis and Crohn’s
disease (Karayiannakis et al., 1998), and cancers (van Hengel and van Roy, 2007) are
associated with reduced levels of p120ctn. These observations suggest that deficiencies of
p120ctn could critically contribute to the inflammatory injury of tissues under pathological
conditions. The mechanistic link between p120ctn loss and the inflammatory response is
unknown, but the mitogen-activated protein kinase (MAPK) family members are possible
intermediaries in signaling as several reports have found that ERK1/2 positively regulates
NFkB activity (Jiang et al., 2001; Kurland et al., 2003).

In vascular endothelium, less is known about the involvement of p120ctn in regulation of
inflammatory responses. The induction of an endothelial inflammatory phenotype by
p120ctn deficiency is critically significant since there is abundant evidence that junctions of
ECs become disrupted and disorganized in response to a host of pathological agents. A
recent report indicates that p120ctn depletion can exacerbate endothelial inflammatory
responses in a lipopolysaccharide (LPS) murine model of lung injury (Wang et al., 2011).
However, it remains unclear whether p120ctn deficiency alone is sufficient to trigger pro-
inflammatory activities in ECs. Our recent evidence clearly suggests that p120ctn is
functioning as a cofactor in transcriptional suppression in ECs (at least with Kaiso) (Zhang
et al., 2010), and therefore its loss could in turn release the suppression. In this study, we
investigated the hypothesis that decreased levels of p120ctn in ECs activate transcription of
pro-inflammatory adhesion molecules. The study was made using an experimental down-
regulation of endogenous p120ctn expression in human vascular ECs.

MATERIALS and METHODS

Materials

General reagents were obtained as follows: EGM-2 Bulletkit (Lonza; Walkersville, MD);
Trizol, RPMI 1640, DMEM, L-glutamine 100x solution, penicillin-streptomycin 100x
solution, sodium pyruvate, phosphate-buffered saline (PBS), Hank’s Balanced Salt Solution
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(HBSS), MEM nonessential amino acids, MEM Vitamins, ProLong Gold Anti-Fade reagent
with DAPI (4',6-diamidino-2-phenylindole); and Lipofectamine 2000 (Invitrogen Corp.;
Carlsbad, CA); fetal bovine serum (FBS) (Hyclone; Logan, UT); human epidermal growth
factor (EGF), hydrocortisone, endothelial cell growth supplement (ECGS), heparin, Protease
inhibitor cocktail, phenylmethylsulfonyl fluoride (PMSF), leupeptin, pepstatin A and
aprotinin (Sigma Chemical Co.; St. Louis, MO); ECL Kit (Amersham Pharmacia Biotech;
Piscataway, NJ); Luciferase Activity kit, RQ1 RNase-free DNase (Promega Corporation;
Madison, WI); Coomassie Plus Protein Assay (Pierce; Rockford, IL); Immu-Mount
mounting gel (Shandon; Pittsburgh, PA); High Capacity cDNA Reverse Transcription Kit,
SYBR Green PCR Master Mix (Applied Biosystems; Foster City, CA); MAPK/ERK kinase
1 (MEK?1) inhibitor PD98059 (Calbiochem, Gibbstown, NJ); and Target-Plus SMARTpool
SiRNA, siCONTROL Non-Targeting siRNA, Dharmafect (Dharmacon, Lafayette, CO).

The following were antibodies used: Monoclonal anti-p120ctn antibody (Ab) (BD
Transduction Laboratories; San Jose, CA); monoclonal anti-ICAM-1 Ab (Santa Cruz
Biotechnology; Santa Cruz, CA); anti-p-actin Ab (Sigma Chemical Co.; St. Louis, MO);
rabbit polyclonal anti-NFxB p65 CT Ab (Upstate, Lake placid, NY); monoclonal anti-
phospho-ERK1/2 (Thr202/Tyr204) and polyclonal anti-ERK1/2 Ab (Cell Signaling
Technology; Beverly, MA); anti-mouse peroxidase-conjugated (HRP) Ab (Amersham
Pharmacia Biotech; Piscataway, NJ); donkey F(ab"), rhodamine red-X-conjugated anti-lgG
antibody (Jackson Immunoresearch Laboratories Inc.; West Grove, PA); and anti-mouse
and anti-rabbit IRDye Ab (LI-COR Biosciences; Lincoln, NE).

Cell culture—Human pulmonary artery endothelial cells (HPAECSs) were maintained in
culture and used experimentally at up to population doubling 13 (Lonza). HPAECs were
grown in EGM-2 base growth medium with the following supplements: FBS,
hydrocortisone, hFGF-B, VEGF, R3-IGF-1, ascorbic acid, hEGF, GA-1000, heparin.
Human brain microvascular ECs (HBMECSs) were used in population doublings 17-30 and
cultured as previously described (Qiao et al., 2006).

Targeted silencing of endogenous p120ctn with siRNA—The knockdown of
p120ctn expression in ECs was made using a mixture of four siRNA oligonucleotide
duplexes (siRNA-p120ctn) made commercially based on the human p120ctn gene sequence,
accession number NM_001331: i) GAAUGUGAUGGUUUAGUUUU, ii)
UAGCUGACCUCCUGACUAAUU, iii) GGACCUUACUGAAGUUAUUUU, and iv)
GAGGUAAGCUCGCCGGAAAUVU). For transfection, ECs were grown in appropriate
culture dishes and treated with siRNA-p120ctn duplexes pre-mixed in Dharmafectl siRNA
transfection reagent at a ratio of 1 ul of Dharmafectl to 0.2 pmol siRNA for up to 120 hr as
indicated. During incubation with siRNA, overt cell toxicity was monitored by phase
microscope observations. Following incubation, the cells were used for different assays as
described. The siCONTROL Non-Targeting sSiRNA (NT), which has no known mRNA
targets served as control for specificity of knockdown.

Promoter reporter activity

Reporter constructs: The luciferase reporter plasmids containing full-length (—1393)
ICAM-1 (intercellular adhesion molecule-1) promoter [p(—1393)ICAM1-Luc], three copies
of AP-1/Ets elements (pAP1-Luc) or five copies of the consensus NF«B binding elements
(pNF«B-Luc) were generously provided by Dr. Kenneth A. Roebuck (Roebuck et al., 1995).
The wild-type (wt) kaiso binding site (KBS) luciferase reporter plasmid, pwtKBS-Luc, was
a kind gift from Dr. Juliet M. Daniel (McMaster University, Canada) (Spring et al., 2005).
The MMP-1 (matrix metalloproteinase-1) promoter luciferase reporter plasmid
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[p(-562)MMP-1-Luc] was provided by Dr. Hee-Jeong Im, Department of Biochemistry,
Rush University Medical Center, Chicago, IL.

Transfection protocol: Promoter reporter plasmid DNA was transfected into ECs based on
a modified protocol as previously described (Lum et al., 1999). ECs were grown in 12-well
tissue culture dishes for transfection at ~70% confluence under antibiotic-free conditions.
The cells were incubated for 3—4 hr with plasmid DNA pre-mixed with Lipofectamine 2000
reagent at a 1:3 ratio (ug DNA: ul Lipofectamine). Empty vector (pGL3) transfection
control was included using the same volume of Lipofectamine 2000 without DNA.
Following incubation, the cells were washed and replaced with complete medium containing
2x FBS and incubated overnight. After washing twice with Ca2*-free and Mg2*-free PBS,
the cells were collected in reporter lysis reagent (passive lysis buffer) for luciferase activity
assay.

Luciferase reporter assay: After the transfected ECs were collected in passive lysis buffer,
the ECs were clarified by centrifugation and the supernatant was collected for analysis.
Sample aliquots in duplicates were assayed for reporter activity as relative light units in a
luminometer (Zylux FB12, Maryville, TN) according to manufacturer’s protocol. Remaining
aliquots were analyzed for protein concentration, which was used for normalization of
luciferase activity. Protein concentration was determined using a BCA Kkit.

RNA Collection and RT-PCR—Total RNA from cell lysate was isolated using Trizol
according to manufacturer’s instructions and RNA concentration determined by absorbance
at 260 nm. Two pug RNA was treated with RQ1 RNase-free DNase prior to reverse
transcription reaction. Synthesis of cDNA was performed using the high capacity cDNA
Archive Kit. Primer pairs were designed using Integrated DNA Technologies (Table 1).
Real-time RT-PCR was performed using SYBR green PCR master mix kit according to
manufacturer’s specifications. The amplification conditions were: Step 1: 50 °C 2 min, 95
°C 10 min; step 2: 40 cycles of the following: 95 °C 15s, 60 °C 1 min; step 3: 95 °C 15 s, 60
°C, 1 min, then 60 °C (+0.5, 10 s), 80 cycles to final 95°C.

Indirect immunofluorescence—ECs were grown to confluence on glass cover slips
precoated with fibronectin (5 pg/mL). After appropriate experimental treatment, ECs were
fixed and permeabilized using fresh fixative buffer [90% PEM buffer (0.1 M Pipes, pH 6.6,
1 mM EGTA and 1 mM MgSOQy,), 10% paraformaldehyde, and 0.5% Triton-X 100] for 1 hr
at room temperature. For detection of cell surface proteins, ECs were fixed in fixative buffer
in the absence of Triton-X 100. ECs were then washed in HBSS with Ca2* and Mg2* (HBSS
+) and incubated in primary Ab (1 hr, 37°C) in HBSS+. After washing with HBSS+, the
ECs were incubated with fluorescently labeled secondary Ab (1 hr, 37°C) diluted in HBSS
for the appropriate period of time in the dark. The ECs were washed with HBSS+, rinsed in
double-distilled H,0 (ddH»0), and mounted onto slides with Prolong Anti-Fade Mounting
Gel with DAPI. Images were recorded using a Zeiss Axiovert 100 confocal microscope and
image processing performed using Axiovision software. In order to compare intensity of
ICAM-1 fluorescence between experimental groups, the same exposure time was used to
capture each image in a given experiment. In general, ten randomly chosen fields, each with
an area of 0.035 mm?, were photographed for each slide. Six or seven slides were prepared
for each experimental group. A negative control without the addition of primary antibody
was included in order to assess the contribution of non-specific fluorescence.

Western blot—Following the experimental protocol, ECs were collected and prepared for

routine Western blot analysis. After determining protein concentration by BCA, an equal
amount of total protein of each sample was loaded on an 8% sodium dodecyl sulfate (SDS)
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polyacrylamide gel, electrophoresed (100 V, 1 hr), and transferred (100 V, 1 hr) onto
nitrocellulose membrane. The resultant membrane was blocked with 5% nonfat dry milk in
Tris buffered saline (TBS) for 1 hr at room temperature. The membrane was then incubated
in primary Ab diluted in 1% nonfat dry milk in TBS with 0.2% Tween-20 (Ab diluent) for 1
hr at room temperature. After washing in TBS with 0.05% Tween-20 (TBS-T), the
membrane was incubated with a secondary Ab conjugated with infrared fluorescent dye
diluted in Ab diluent in the dark for 1 hr at room temperature. Protein was detected and
quantified with an Odyssey Imaging System (Licor). For study of ERK1/2 phosphorylation,
an appropriate anti-1gG secondary antibody conjugated with horseradish peroxidase was
used, and the bands were detected using the ECL Kkit.

PMN adhesion assay

Isolation and labeling of polymorphonuclear leukocytes (PMNSs): Blood from healthy
human volunteers was collected according to the approved IRB protocol (#08080201-
IRB01-CR02) and layered onto lymphocyte separation medium (LSM) (Biowhitaker). After
centrifugation at 300 g for 30 min, the PMN-enriched pellet was re-suspended in a
hypotonic buffer (1:1 sterile water:HBSS+) to lyse red blood cells. This cell suspension was
centrifuged at 250 g for 10 min, and the lysing procedure was repeated. The final cell pellet
was re-suspended in HBSS+ and the PMNs were counted. The PMNSs were labeled with 5
UM calcein/acetomethoxy (AM) (Invitrogen) as previously described by us (Huang et al.,
2007; Lum et al., 1994) and re-suspended to a final concentration of 10’ PMN/mL in HBSS
+ for adhesion assay described below.

HPAECs were plated in 96-well dishes and treated according to the experimental groups.
The HPAECs were washed with HBSS+, and calcein-labeled PMNs were added at a ratio of
10:1 (PMN:EC) and incubated for 3 hr at 37 °C. Fluorescence was measured with a TRIAD
multimode reader (485 nm excitation, 535 nm emission) (Dynex; Chantilly, VA) before and
after removing non-adherent PMNs by thorough washing. Percent PMN adhesion was
calculated as fluorescence of PMNs (post-wash/pre-wash x 100).

Statistical analysis—Single sample data were analyzed by the two-tailed, independent
Student’s t test (SPSS 15.0, Excel).

A.) P120ctn depletion by siRNA-p120ctn

To investigate the hypothesis that decreased levels of p120ctn in ECs activate pro-
inflammatory gene expression, we used commercially made siRNA duplexes targeted to
p120ctn to induce endogenous p120ctn depletion in HPAECs and HBMECSs. The ECs were
incubated with siRNA-p120ctn duplexes for 24, 72, or 120 hr and extent of p120ctn
knockdown was assessed by Western Blot analysis (Materials and Methods). Control groups
included NT and untreated control. Within 24 hr of siRNA treatment, the level of p120ctn
was significantly reduced 30-40% (Fig. 1a,b). Continuous siRNA treatment to 72 or 120 hr
further depleted p120ctn to 60—70% relative to the control groups (Fig. 1a,b). Both HPAECs
(Fig. 1a,b) and HBMECs (not shown) presented similar degrees of p120ctn knockdown after
48-72 hr treatment with siRNA- p120ctn, a finding we have previously reported (Zhang et
al., 2010).

B.) Loss of p120ctn increased promoter reporter activity

We next determined whether the decreased p120ctn expression activates transcriptional
activity by measuring the effects of p120 depletion on activity of transcription factors NFxB,
AP-1, and Kaiso. In the following studies, HBMECs were treated with siRNA targeted to
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p120ctn, or NT or mock for 24 hr knockdown of endogenous p120ctn. Following siRNA
treatment, the ECs were then transfected with promoter reporter luciferase plasmids
containing binding elements for NFkB, AP-1, or Kaiso for an additional 24 hr, and collected
for assay of luciferase activity (Materials and Methods). Reporter activity was normalized to
protein concentration and reported relative to NT control. The results show that the loss of
p120ctn significantly induced reporter luciferase activities driven by NFxB, AP-1, or Kaiso
(Fig. 2a).

Since NF«B and AP-1 are recognized transcription factors of a host of pro-inflammatory
genes, the study was extended to include promoter activity of two potential target genes,
MMP-1 and ICAM-1. Similarly as described above, following treatment with sSiRNA-
p120ctn, NT or mock for 24 hr, ECs were transfected with p(-562)MMP-1 or
p(—1393)ICAM-1 reporter plasmids for 24 hr, and luciferase activity was determined. We
found that the decreased p120ctn expression significantly increased both (—562)MMP-1 and
(—1393) ICAM-1 promoter luciferase activities relative to control groups (Fig. 2b).

C.) Loss of p120ctn increased expression of pro-inflammatory adhesion molecules

Both NF«B and AP-1 are critically important in the transcription of adhesion molecules such
as ICAM-1 (Collins et al., 1995; Hubbard and Rothlein, 2000; Roebuck et al., 1995), E-
selectin (Collins et al., 1995; Montgomery et al., 1991), P-selectin (regulation by NF«kB
only) (Pan and McEver, 1995), and VCAM-1 (Ahmad et al., 1998; Collins et al., 1995).
Additionally, a preliminary analysis of ICAM-1 sequences identified a possible KBS site ~2
Kb upstream of the transcriptional start site. Therefore, we next determined whether loss of
p120ctn in ECs upregulated expression of these adhesion molecules as detected by real-time
RT-PCR. Since our results indicated that treatment with siRNA significantly reduced
p120ctn protein as early as 24 hr, we determined the effects of p120ctn loss from 24 hr up to
120 hr. The results are as follows:

a) ICAM-1 mRNA—The results indicated that ICAM-1 mRNA was increased 4-fold with
respect to NT after 24 hr of p120ctn knockdown in HPAECs, and this increase abated
slightly to 3.5-fold at 72 hr (Fig. 3a). However, after 120 hr knockdown, ICAM-1 mRNA
was decreased below the NT control (~50%) (Fig. 3a). We also determined whether the
upregulated ICAM-1 mRNA in response to loss of p120ctn was EC type-specific. For study,
HBMECs were transfected with siRNA-p120ctn or NT control for 72 hr, and ICAM-1
MRNA was measured. Results indicated that loss of p120ctn in HBMECs increased ICAM-1
two-fold in HBMECs with respect to NT (p < 0.01; N = 3). The findings indicated that the
increased ICAM-1 mRNA induced by loss of p120ctn was not limited to one EC type, albeit
the degree of upregulation in HBMECs was not as great as in HPAECs. For this reason,
HPAECs were used for most of the studies of adhesion molecule expression.

b) VCAM-1 mRNA—VCAM-1 mRNA was significantly upregulated at 72 hr of p120ctn
knockdown. This peak increase was ~4-fold over the NT control, and VCAM-1 mRNA
levels then subsided to below baseline levels at 120 hr (Fig. 3b).

¢) mRNA for E- and P-selectins—The results indicated that by 24 hr of p120ctn
knockdown, E-selectin was upregulated 10-fold over NT (Fig. 3c). E-selectin mRNA levels
then returned towards baseline levels at 72 hr, and finally decreased below the NT control
by 120 hr knockdown (Fig. 3c). In contrast, P-selectin mMRNA was not changed following 24
or 72 hr of p120ctn knockdown, and was upregulated 80% only after 120 hr of p120ctn
knockdown (Fig. 3d).
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In summary, the downregulation of endogenous p120ctn expression in ECs was a sufficient
signal to upregulate multiple pro-inflammatory adhesion molecules, which were
differentially regulated with respect to duration of p120ctn knockdown.

D.) Loss of p120ctn increased PMN adhesion to ECs

The upregulated adhesion molecules strongly suggest that loss of p120ctn expression would
in turn regulate leukocyte adhesion to the ECs. For study, we evaluated the effects of
p120ctn knockdown at 72 hr since our data indicated that mRNA (at least for ICAM-1 and
E-selectin) was already increased by 24 hr, and thus their protein levels ought to be
increased at 72 hr of knockdown. Following p120ctn knockdown in HPAECs, calcein-
labeled human PMNs were added to determine percent PMN adhesion (Materials and
Methods). Tumor necrosis factor-a. (TNF-o)-activated HPAECSs served as a positive control
(12 hr treatment; 25 uM). Results indicated that PMN adhesion more than doubled in
SiIRNA-p120ctn-treated HPAECs with respect to NT, with the extent of PMN adhesion
comparable to the TNF-activated HPAECs (Fig. 4). These findings provide functional
corroboration that p120ctn loss promoted pro-inflammatory activity in ECs.

We further determined whether this increased PMN adhesion was related to increased
ICAM-1 protein levels in ECs since tight PMN adhesion to the cell surface is dependent
predominantly on ICAM-1 rather than either VCAM-1 or the selectins. For study, we
determined whether the surface pool of ICAM-1 was increased in response to the 72 hr
knockdown of p120ctn in HPAECs. Immunofluorescent analysis results indicated that loss
of p120ctn increased surface ICAM-1 expression, which was predominantly localized at the
cell periphery (Fig. 5). In general, the EC morphology was similar among the experimental
groups, suggesting that p120ctn knockdown or siRNA per se did not impair cellular
integrity. We also investigated whether the total ICAM-1 protein was elevated after 72 hr
siRNA treatment. Western blot analysis indicated that ICAM-1 protein increased 3-fold over
control (Fig. 6).

E.) P120ctn knockdown activated NFkB in an ERK1/2-dependent manner

ERK1/2 are MAPKSs recognized as important signal transduction pathways in response to
hormones, cytokines and other extracellular cues which relay to the nucleus, ultimately
activating immediate early genes (Murphy and Blenis, 2006). We postulate that the loss of
p120ctn may activate ERK1/2 signaling to regulate gene transcription events in ECs. For
study, the effects of 48 hr of sSiRNA-p120ctn treatment in HBMECs on activation of ERK1/2
was assessed by Western blot detection of ERK1/2 phosphorylation (Materials and
Methods.) The phospho-ERK1/2 Ab used binds to phosphorylated activation loop residues
Thr202/Tyr204 and Thr185/Tyr187 of ERK1 and ERK2, respectively (Domina et al., 2000;
Hayne et al., 2000). The results indicated that p120ctn knockdown increased the amount of
phosphorylated ERK1/2 relative to control groups Mock and NT (Fig. 7).

Since ERK1/2 can positively regulate NFKB activity (Jiang et al., 2001; Kurland et al.,
2003), we investigated whether the increase in NF«kB activity in response to p120ctn loss
could be regulated through ERK1/2. Using immunofluorescent localization of the human
p65 subunit of NF«B, we found that 48 hr knockdown of p120ctn resulted in increased
nuclear localization of the p65 subunit in HBMECs (Fig. 8, top right panel); whereas in NT
and Mock groups, the p65 subunit remained predominantly in the perinuclear region. This
finding further confirmed the activated NF«kB reporter activity (Fig. 2a). Treatment with a
MEKZ inhibitor (PD98059; 50 uM) abrogated the NF«B translocation induced by p120ctn
knockdown (Fig. 8, bottom panels), whereas the vehicle control showed no inhibition (Fig.
8, top panels). These findings suggest that ERK1/2 is a downstream signaling pathway
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activated by the loss of p120ctn, providing a potential mechanistic link between p120ctn
loss and NF«B activation.

DISCUSSION

The key finding from this study is that decreased p120ctn expression in human ECs was a
potent signal that activated transcription factor promoter reporter activities, upregulated
adhesion molecule expression, increased adhesion for PMNs, and activated ERK1/2. This
strongly suggests that appropriate p120ctn expression operates to suppress endothelial pro-
inflammatory potential.

The finding that loss of p120ctn activated promoter reporter activities of Kaiso, NFkB and
AP-1 suggests that p120ctn negatively regulated these transcription factors. NF«kB is known
for its regulation of pro-inflammatory genes, including a host of adhesion molecules and
cytokines such as TNF-a and interleukin-8 (Barnes and Karin, 1997), whereas AP-1
regulates a host of genes controlling the cell cycle, apoptosis, as well as inflammation (Hess
et al., 2004). However, little is known regarding target genes regulated by Kaiso in tissues.
A handful of Kaiso-regulated genes have been reported, including those that regulate
inflammation (matrilysin (Spring et al., 2005)) and proliferation (Fos and Myc (van Roy and
McCrea, 2005)), but whether Kaiso also regulates these genes in vascular endothelium is
unknown.

The specific mechanisms by which p120ctn suppresses transcription factors remain to be
fully elucidated. We previously found that p120ctn binds directly with the transcription
factor Kaiso in ECs, and appears to function as a cofactor in transcription repression (Zhang
et al., 2010). In the current study, the loss of p120ctn activated Kaiso, NF«xB and AP-1
activities, clearly indicating that regulation of transcriptional events was not limited to
Kaiso. While the binding of Kaiso to p120ctn has been mapped (Daniel et al., 2002), there is
no evidence to-date that p120ctn interacts directly with NF«xB or AP-1. However, our data
indicates that p120ctn suppresses NFkB activation through ERK1/2, implicating this
signaling pathway by which p120ctn suppresses transcription factor activity and thereby, the
adhesion molecule expression. This suggests that ERK1/2 and possibly other MAPK family
members are important candidates in ECs for future investigation as molecular targets of
p120ctn-regulated transcription.

Based on the finding of increased transcription factor activity, it was not surprising that we
also observed upregulated mMRNA for ICAM-1, VCAM-1 and the selectins, although the
temporal profiles of expression were different among the adhesion molecules during the
time periods of p120ctn knockdown. While both ICAM-1 and E-selectin were significantly
upregulated following 24 hr of p120ctn loss, only ICAM-1 (but not E-selectin) remained
elevated through 72 hr. On the other hand, both VCAM-1 and P-selectin showed a delayed
increase at 72 hr and 120 hr of p120ctn knockdown, respectively. Further, the mMRNA levels
(for ICAM-1, VCAM-1, and E-selectin) all returned to below control levels by 120 hr, with
the exception of P-selectin, which was increased at this time point. These results indicate
that loss of p120ctn in ECs induced the upregulation of multiple adhesion molecules.

The temporal profiles of expression mirror the pattern of expression induced by
inflammatory agents, implicating at least in part possible similar transcriptional regulation.
For example, ICAM-1 and VCAM-1 are upregulated in both early and late phase response to
TNF-a, IL-1, and LPS, whereas E-selectin is upregulated only in the early phase response
(Lorenzon et al., 1998; Sluiter et al., 1993). In the current study, ICAM-1 and E-selectin
were also observed to increase early (by 24 hr of p120ctn loss), and at the later time period
of 72 hr of p120ctn loss, both ICAM-1 and VCAM-1 were increased. Less is known of

Microvasc Res. Author manuscript; available in PMC 2012 September 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

O’Donnell et al.

Page 9

transcriptional regulation of P-selectin, but its EC surface expression is mostly due to
translocation of pre-existing P-selectin rather than transcription and synthesis (Sluiter et al.,
1993).

P120ctn was found to regulate transcriptional activity in ECs from two diverse vascular
tissue types, human brain and human pulmonary artery. Both HPAECs and HBMECs
responded to loss of p120ctn with increased ICAM-1 mRNA, although the extent of the
increase varied. It is widely recognized that different EC types are different functionally,
biochemically, and morphologically (Stevens et al., 2001), and therefore it is not unexpected
that the ICAM-1 response differed between the two cell types. Our observations, however,
suggest that pathological p120ctn deficiencies could impact globally on vascular
endothelium of diverse tissues in the context of inflammatory responses.

The loss of p120ctn by 72 hr significantly increased PMN adhesion and ICAM-1 protein
expression to the EC surface, further corroborating the pro-inflammatory activity indicated
by the upregulated mMRNA of the adhesion molecules. Interestingly, the extent of the
increased PMN adhesion was comparable to that elicited by the positive control, the potent
multifunctional mediator TNF-o.. Immunofluorescent analysis indicated that p120ctn
knockdown increased surface expression of ICAM-1 predominantly at the peripheral cell
margins, suggesting that the localized increases of ICAM-1 likely function to coordinate
regulation of PMNs near EC junctions. Our findings in ECs were consistent with
observations reported in other tissues. For example, p120ctn depletion alone promoted PMN
adhesion in the mouse small intestinal and colonic epithelial cells (Smalley-Freed et al.,
2010) as well as in mouse skin keratinocytes (Perez-Moreno et al., 2008). In contrast, a
recent report showed that p120ctn depletion alone in rat lung microvascular ECs did not
increase either PMN adhesion nor ICAM-1 expression, but rather only enhances the LPS-
mediated responses (Wang et al., 2011). It is unclear as to reasons behind these different
findings in ECs, but it may be attributed to differences in the experimental design (i.e., our
study used human ECs from pulmonary artery and brain, whereas in the recent publication,
rat lung microvascular ECs were used (Wang et al., 2011). Nonetheless, the overall results
obtained from other tissues as well as ECs provide strong evidence that p120ctn is a critical
suppressor of inflammatory activities in vascular endothelium.

In conclusion, results from this study provide strong evidence that deficiency in p120ctn
expression in ECs activated a robust transcriptional response that increased expression of
multiple adhesion molecules, and point to a novel role of p120ctn functioning to suppress
transcription in vascular endothelium. The well recognized effects of pathological agents in
disruption of endothelial AJs underscores an important potential pathogenic role of p120ctn
in vascular-based diseases. As such, important future studies are needed to i) define the
upstream control of p120ctn expression, particularly by pathological mediators, and ii)
delineate p120ctn-mediated downstream signaling mechanisms (i.e., MAPK and RhoA)
which regulate transcription factors, particularly AP-1, NFkB, and kaiso.
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Fig. 1. Effects of targeted siRNA on p120ctn depletion

ECs were treated with either sSiRNA-p120ctn, non-targeting SiRNA (NT), or left untreated
(control) for 24 hr, 72 hr, or 120 hr, and cells were collected for analysis by a) Western blot
and b) quantification of band fluorescence intensity. P120ctn protein was normalized to p-
actin and reported relative to untreated control (C). *p < 0.01, **p<0.0015, and ¥p<0.005
compared to NT. For 24 hr, N = 3 for all groups. For 72 hr, N =5 for C, N = 7 for NT, and
N = 3 for siRNA-p120ctn. For 120 hr, N = 10 for C and NT, N = 7 for siRNA-p120ctn.
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Fig. 2. Loss of p120ctn activated promoter reporter luciferase activity

HBMECs were treated with SiRNA-p120ctn for 48 hr, and were transfected with a luciferase
reporter plasmid (Material and Methods) containing response elements for a) transcription
factors NFxB, AP-1, or kaiso, or b) gene targets p(—1393)ICAM1-Luc or p(—562)MMP-1-
Luc. Mock = transfection agent, NT = non-targeting siRNA. Luciferase activity was
measured as relative light units (RLU) and normalized to protein, and reported as % relative
to NT. * p < 0.005 compared to either control groups NT or Mock. N = 6 for NFxB; N =4
for AP-1; for kaiso, N = 11 for NT and siRNA, N = 3 for mock; N = 13 for p(—562)MMP-1-
Luc and N = 8 for p(—1393)ICAM1-Luc.
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Fig. 3. Time-course of adhesion molecule mRNA expression induced by p120ctn loss

The mRNA of ICAM-1, VCAM-1, E- and P-selections were determined by real-time RT-
PCR from HPAECS treated with sSiRNA-p120ctn or non-targeting control (NT) for 24, 72, or
120 hr. The mRNA of each adhesion molecule was normalized to GAPDH housekeeping
MRNA and reported relative to NT as follows: a) ICAM-1, b) VCAM-1, ¢) E-selectin, and
d) P-selectin. Note that the bar is not visible for the sSiRNA-p120ctn group for E-selectin at
120 hr knockdown because the standard error was near zero. N for knockdown at 24, 72, and
120 hr was respectively: ICAM-1 (N =6, 10, and 7); VCAM-1 (N = 6, 13, and 7); P-selectin
(N =6, 10, and 10); *p < 0.05 and **p < 0.005 compared to NT control.
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Fig. 4. Loss of p120ctn promoted PMN adhesion to EC surface

Following treatment with SiRNA-p120ctn for 72 hr, HPAECs were incubated with calcein-
labeled PMNs for 3 hr (Materials and Methods). PMN adhesion was assessed by measuring
fluorescence of adherent PMNs after thorough washing. % PMN adhesion was calculated as:
fluorescence after washing/fluorescence before washing x 100, and is reported relative to
NT. N =4; *p <0.001 and **p < 0.025 compared to NT. TNF-a (25 pg/mL; 12 hr) was used
as a positive control.
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Fig. 5. Loss of p120ctn increased ICAM-1 expression on EC surface

HPAECs were treated with sSiRNA-p120ctn for 72 hr and surface ICAM-1 was visualized by
immunofluorescence (Materials and Methods); nuclei were visualized by DAPI.
Representative images show the following experimental groups: control (no treatment), non-
targeting SiIRNA (NT), or siRNA-p120ctn; N = 3.
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Fig. 6. ICAM-1 protein expression is upregulated after p120ctn knockdown

HPAECs were treated with siRNA-p120ctn for 72 hr and collected for Western blot analysis
for ICAM-1. Fluorescence intensity of proteins bands was quantified using Odyssey
software (Licor) and ICAM-1normalized to B-actin. Mock = Dharmafectl transfection agent
alone, NT = non-targeting siRNA. *p < 0.025 compared to mock and NT; N = 3.
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SiRNA-p120ctn

Fig. 7. ERK1/2 is activated after p120ctn knockdown

HBMECs were treated with sSiRNA-p120ctn for 48 hr and collected for determination of
ERKZ1/2 activation by Western blot detection of phosphorylated ERK1/2. The phospho-
ERK1/2 Ab used is specific for phosphorylated tyrosine activation loop residues of ERK1/2.
Mock = Dharmafectl transfection agent, NT = non-targeting SiIRNA. N = 3.
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Fig. 8. NFkB nuclear translocation in response to p120ctn knockdown is ERK1/2-dependent
HBMECs were treated with SiRNA-p120ctn for 48 hr and NF«B was visualized by
immunofluorescence (Materials and Methods). The primary Ab was directed against the p65
subunit of NFkB. MEK1 inhibitor PD98059 (bottom panels; 50 pM) or DMSO vehicle
control (top panels) was added to cells 6 hr after initiation of SIRNA treatment.
Representative images are shown. Mock = Dharmafectl transfection agent, NT = non-
targeting SIRNA. N = 2.
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Table 1

Primer pairs for adhesion molecules and GAPDH

Accession forward primer reverse primer
ICAM-1 NM_000201 | 5 AAGGTGACCGTGAATGTGCTCT 3’ | 3 ATTGGCGGTCGCCTTCTAGTT 5’
E-selectin | NM_000450 | 5" CCTTCCTGCCAAGTGGTAAA 3 3’ CAAACCGTGACACACGTTCAYL
P-selectin | NM_003005 | 5° GTCAACTACCGTGCCAACCT 3' 3'CAGACTATTACCCACCCTGC &'
VCAM-1 | NM_001078 | 5 AGTTGAAGGATGCGGGAGTA 3' 3" AGGACTCGAAGAGCACGAGA 5!
GAPDH NM_002046 | 5 ATGGCAAATTCCATGGCACCG 3’ 3’ TAGTGGTAGAAGGTCCTCGCT 5

Microvasc Res. Author manuscript; available in PMC 2012 September 1.

Page 22



