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Abstract 

 

Increasing evidence suggests an important role for deubiquitinating enzymes (DUBs) in 

modulating a variety of biological functions and diseases. We previously identified the 

upregulation of the DUB, ubiquitin carboxyl terminal hydrolase 1 (UCHL1) in murine 

ventilator-induced lung injury (VILI). However, the role of UCHL1 in modulating vascular 

permeability, a cardinal feature of acute lung injury (ALI) in general, remains unclear. 

We investigated the role of UCHL1 in pulmonary endothelial cell (EC) barrier function in 

vitro and in vivo and examined effects of UCHL1 on VE-cadherin and claudin-5 

regulation, important adherens and tight junctional components, respectively. 

Measurements of transendothelial electrical resistance (TER) confirmed decreased 

barrier enhancement induced by hepatocyte growth factor (HGF) and increased 

thrombin-induced permeability in both UCHL1-silenced EC and in EC pretreated with 

LDN-57444 (LDN), a pharmacologic UCHL1 inhibitor. Additionally, UCHL1 knockdown 

(siRNA) was associated with decreased expression of VE-cadherin and claudin-5 while 

silencing of the transcription factor, FoxO1 restored claudin-5 levels. Finally, UCHL1 

inhibition in vivo via LDN was associated with increased VILI in a murine model. These 

findings support a prominent functional role of UCHL1 in regulating lung vascular 

permeability via alterations in adherens and tight junctions and implicate UCHL1 as an 

important mediator of ALI. 
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Introduction 

 

Acute lung injury (ALI) is a debilitating condition encountered in critically ill patients and 

represents a significant cause of ICU-related morbidity and mortality (17). Aberrant 

vascular permeability and inflammation that impairs alveolar gaseous exchange are 

critical elements of ALI. Mechanical ventilation, frequently utilized in critically ill patients, 

can precipitate and aggravate ALI due to excessive mechanical stress, a condition 

known as ventilation-induced lung injury (VILI) (11).  Despite improved recognition of 

this syndrome, effective therapies remain lacking and ALI is estimated to account for 

approximately 75,000 deaths and millions of hospital days per year in the United States 

(26). Moreover, ALI survivors have been found to have impaired lung function, 

neuropsychological deficits and decreased quality of life long term (9, 19). Thus, novel 

therapeutic targets and strategies aimed at improving pulmonary endothelial barrier 

function may prove beneficial in mitigating the effects of increased vascular leak 

associated with ALI and may ultimately lead to improved clinical outcomes.  

 

Utilizing global gene expression profiling we previously identified growth arrest DNA 

damage inducible 45 alpha (GADD45a) as a significantly upregulated gene in pre-

clinical models of VILI (13).  We subsequently reported increased VILI susceptibility of 

GADD45a-/- mice (20). Further in silico analysis identified reduced levels of ubiquitin 

carboxyl-terminal hydrolase 1 (UCHL1), a deubiquitinating enzyme (DUB), in GADD45a-

/- animals. Decreased UCHL1 levels were found to be due to the hypermethylation of 

the UCHL1 promoter which, in turn, is associated with increased Akt K48 ubiquitination 
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and subsequent proteasomal degradation. Additionally, treatment of GADD45a-/- mice 

with 5-Aza-deoxycytidine (5-AZA-DC), a DNA methyl transferase inhibitor, both 

significantly increased UCHL1 levels and attenuated VILI susceptibility. 

 

Functionally, UCHL1 removes or edits poly- or mono-ubiquitin chains from ubiquitinated 

proteins that may regulate a range of cellular processes including cell cycle, DNA repair, 

cell-cell communication and apoptosis (7, 23). While UCHL1 has been implicated in a 

variety of diseases including neurodegenerative disorders, lung cancer and colon 

cancer (15, 29), its role in ALI had not previously been reported. We investigated the 

role of UCHL1 in regulation of endothelial cell (EC) permeability. We studied the effects 

of UCHL1 silencing and inhibition on human pulmonary artery EC permeability by 

measuring transendothelial resistance. We also explored the role of UCHL1 in 

regulating adherens and tight junctional proteins, VE-cadherin and claudin-5, 

respectively. Finally, we investigated the potential effects of LDN-57444 (LDN) a 

pharmacologic UCHL1 inhibitor in murine VILI.  
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Materials and Methods 
 
 
Antibodies and reagents. Antibodies and reagents were purchased commercially 

consistent with our prior reports [7,15]. Antibodies against UCHL1 (Cell Signaling, 

Danvers, MA), VE-cadherin (Santa Cruz Biotechnology, Santa Cruz, CA), Y658 VE-

cadherin (Biosource, Grand Island, NY), β-catenin (Santa Cruz Biotechnology, Santa 

Cruz, CA), FoxO1 (Cell Signaling, Danvers, MA), phospho-FoxO 1 (Cell Signaling, 

Danvers, MA), β-actin (Sigma, St. Louis, MO), claudin-5 (Cell Signaling), horseradish 

peroxidase-conjugated anti-mouse and anti-rabbit secondary antibodies (Cell Signaling) 

were purchased from the indicated vendors. A smart pool of silencing RNA (siRNA) 

specific for UCHL1, FoxO1 and non-specific siRNA were purchased from GE 

Dharmacon (Lafayette, CO). Other reagents used include the proteasome inhibitor 

MG132 (Calbiochem, San Diego, CA), LDN-57444 (LDN, Calbiochem, San Diego, CA), 

hepatocyte growth factor (HGF) (Peprotech, Rocky Hill, NJ) and thrombin (Sigma, St. 

Louis, MO).  

 

Endothelial cell culture. Human pulmonary artery endothelial cells (EC) were cultured 

in essential growth medium (EGM-2) containing 10% fetal bovine serum (Clonetics, 

Walkersville, MD). Cells were placed in incubator at 37°C, 5% CO2 and 95% humidity to 

achieve contact-inhibited monolayers. Select experiments utilized human lung 

microvascular endothelial cells (HLMVEC, Lonza, Hayward, CA). 
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Endothelial cell (EC) siRNA transfection and treatment with a UCHL1 inhibitor. EC 

were transfected with siRNA (100 nM, GE Dharmacon, Lafayette, CO) specific for 

UCHL1, FoxO1 or non-specific scrambled sequence using transfection reagent siPORT 

Amine (Ambion, Austin, TX) in serum-free conditions according to the manufacturer’s 

protocol. The medium was changed to EGM-2 containing 2% fetal bovine serum after 

24 hours of transfection and protein silencing was checked after 72 hours of 

transfection. Silenced cells were plated on the ECIS polycarbonate wells and transwell 

cell culture insert after 48 h of transfection and assays were performed after 24 h. 

UCHL1 inhibitor, LDN, was dissolved in 60% DMSO and EC were treated (5 µM) for 1.5 

h. 60% DMSO was used as vehicle control. 

 

Transendothelial electrical resistance (TER) measurement. EC were plated into 

polycarbonate wells containing evaporated gold microelectrodes to measure TER that 

evaluates real-time changes in cell morphology, attachment and locomotion using an 

electric cell-substrate impedence system (ECIS) (Applied Biophysics, Troy, NY) as 

previously described (12). Cells were grown to confluence in EBM-2 containing 2% 

serum. TER values from each microelectrode were pooled at discrete time-points and 

plotted versus time as the mean ± SEM. EC monolayers were treated with hepatocyte 

growth factor (HGF, 25 ng/ml) or thrombin (1 U/ml), agonists that enhance or disrupt 

barrier integrity, respectively. 

 

Immunoblotting and immunoprecipitation. As we have previously described [7], total 

proteins were extracted using NP-40 lysis buffer (50 mM TrisHCl pH 7.4, 150 mM NaCl, 
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1% NP-40, and 5 mM ethylenediaminetetraacetic acid) supplemented with 40 mM 

sodium fluoride, 0.1 M Sodium Orthovanadate, 0.2 mM phenylmethylsulfonyl fluoride, 

10 mM N’ ethyl malamide, and protease and phosphatase inhibitor cocktail 

(Calbiochem, San Diego, CA). Lung homogenates and cell lysates were briefly 

sonicated and were subjected to cycles of thawing and freezing on dry ice. The protein 

concentrations were measured using bicinchoninic acid protein assay kit (Pierce, 

Rockford, IL). Western blotting was performed using standard protocols and bands 

densities were determined using ImageJ (National Institutes of Health, 

http://imagej.nih.gov/ij/). For immunoprecipitation, proteins were extracted in RIPA 

buffer (50 mM Tris-HCL, pH 7.4, 150 mM NaCl, 1% NP-40, 0.5% Sodium deoxycholate, 

0.1% SDS with protease and phosphatase inhibitor cocktails) and immunoprecipitation 

was performed, after pre-clearing with protein A/G Sepharose beads, by incubating 

protein extracts with primary antibodies (2 mg) overnight at 4°C. Immunocomplexes 

were collected by incubating with protein A/G Sepharose beads for 1 hour at 4°C and 

were resolved by polyacrylamide gel electrophoresis followed by Western blotting. 

 

Immunofluorescence. Cells were fixed with 4% paraformaldehyde (pH 7.0) for 20 min, 

permeabilized with 0.2% triton X-100, and blocked with 5% bovine serum albumin for 1 

h followed by overnight incubation at 4°C with primary antibodies as we have previously 

described [7,15]. Cells were incubated with goat anti-rabbit Alexa Fluor 635 and goat 

anti-mouse Alexa Fluor 488 secondary antibodies for 1 h. Nuclei were stained with 

Hoechst 33342 and coverslips were mounted on slides using mounting solution prolong 
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gold. Cells were then imaged using a Carl Zeiss LSM 510 laser scanning confocal 

microscope (Göttingen, Germany). 

 

Pre-clinical VILI model. Male, 8 to 12 week-old C57BL/6 mice (Jackson Laboratory, 

Bar Harbor, ME) were anesthetized with an intraperitoneal (IP) mix of ketamine (150 

mg/kg) and xylazine (15 mg/kg) prior to intubation with a 20 gauge angiocatheter which 

was then attached to a small animal mechanical ventilator (Harvard Apparatus, 

Holliston, MA) with VT = 30 ml/kg, 65 breaths per minute, and positive end-expiratory 

pressure of 0 cm H2O for 4 h as previously described (18, 20). Mice were treated with 

LDN (5 mg/kg, IP) or vehicle 24 h and 1 h before VILI-challenge. Notably, this dosing of 

LDN is consistent with dosing used by other investigators in vivo (4, 25). 

Bronchoalveolar lavage (BAL) fluid was collected and assessed for total protein as well 

as total and differential cell counts as previously described (18). All experiments and 

animal care procedures were approved by the University of Illinois at Chicago Animal 

Care and Use Committee and were performed in accordance with Guide for the Care 

and Use of Laboratory Animals, Eighth Edition published by the Institute for Laboratory 

Animal Research. 

 

Murine lung histology. As we have previously reported (5), lung tissue samples were 

fixed in formalin, embedded in paraffin, cut into 10 μm sections, and stained with 

hematoxylin and eosin (H&E). Histology slides were scanned and evaluated with 

ImageScope (Aperio, Vista, CA). H&E stained lung sections (n = 6-10 per condition) 

were visualized and representative images are provided. 
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Statistics. Unless otherwise stated, Student’s t-test was used to compare the means of 

data from two experimental groups while significant differences (p < 0.05) amongst 

multiple group comparisons were confirmed by one-way ANOVA followed by Tukey’s 

range test consistent with our prior reports [7,15].  Results are expressed as means ± 

SE. 



10 

 

Results 

 

UCHL1 knockdown and EC barrier function. To determine the role of UCHL1 in 

regulating EC permeability, human pulmonary artery EC were transfected with siRNA 

specific for UCHL1 or a control siRNA and then grown to confluence overlying gold-

plated microelectrodes. Cells were then treated with either HGF (25 ng/ml) or thrombin 

(1 U/ml) to effect barrier enhancement or disruption, respectively, and normalized TER 

was measured (Figure 1). A significant increase in TER was observed in control EC 

after HGF. However, peak HGF response (at 45 min) was significantly attenuated in 

UCHL1-silenced cells compared to controls. Similarly, TER nadir and time to recovery 

after treatment with thrombin (1 U/ml), a barrier-disrupting agent, was significantly 

increased in UCHL1-silenced cells compared to unsilenced cells. Moreover, UCHL1 

silencing was associated with a significant reduction in basal TER measurements 

compared to control cells. Notably, these experiments were repeated utilizing human 

lung microvascular endothelial cells with the same experimental conditions and 

confirmed a similar effect of UCHL1 knockdown, both qualitatively and quantitatively, on 

microvascular EC barrier regulation (Figure 1D). 

 

UCHL1 inhibition with LDN and EC barrier function. Next, experiments were 

repeated using LDN-57444 (LDN), a pharmacologic inhibitor of UCHL1 activity (Figure 

2). TER measurements of EC treated with LDN (5 µM, 1.5 h) prior to either HGF (25 

ng/ml) or thrombin (1 U/ml) demonstrated a significant attenuation of HGF-induced 

barrier enhancement and augmentation of thrombin-induced disruption. Baseline TER 
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measurements were unchanged in LDN-treated cells compared to controls. Together, 

these results highlight the negative regulatory effects of UCHL1 silencing and inhibition 

on EC barrier function.  

 

Redistribution of VE-cadherin and β-catenin in UCHL1-silenced EC. EC maintain 

cell-cell contact and monolayer integrity via both adherens junction (AJ) and tight 

junctions (TJ). We next studied the role of UCHL1 in the spatial localization of VE-

cadherin and β-catenin, two major AJ proteins, using confocal microscopy. 

Immunofluorescence images of control EC revealed prominent membrane co-

localization of VE-cadherin and β-catenin (Figure 3A). However, UCHL1 silencing was 

notable for reduced levels of VE-cadherin and β-catenin at the membrane with a relative 

increase in the cytoplasmic distribution of both. In addition, Western blotting confirmed 

significantly reduced total VE-cadherin levels in UCHL1-silenced EC although no 

significant change was observed in β-catenin levels (Figure 3B).  

 

Role of UCHL1 in VE-cadherin phosphorylation and ubiquitination. Junctional 

weakness and VE-cadherin internalization are associated with tyrosine phosphorylation 

of VE cadherin (1). In response to UCHL1 silencing, we next studied VE-cadherin 

phosphorylation at tyrosine 658 (Y658) and investigated the mechanism underlying the 

associated decreased VE-cadherin expression levels. We observed a significant 

increase in Y658 phosphorylation of VE-cadherin in UCHL1-silenced cells with a 

concomitant decrease in total VE cadherin (Figure 4). Subsequently, we treated 

UCHL1-silenced EC with chloroquine (20 μM, 2 h) or MG132 (10 μM, 2 h), lysosome 
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and proteasome inhibitors, respectively, as VE-cadherin is known to be degraded both 

the endosomal/lysosomal pathway (32) and the ubiquitin-proteasomal pathway (22). 

While no changes in VE-cadherin levels were observed with chloroquine treatment, the 

decreased levels of VE-cadherin in UCHL1-silenced cells were significantly rescued by 

MG132. Further, increased ubiquitination of VE-cadherin was evident upon the 

immunoprecipitation of VE-cadherin in UCHL1-silenced EC (Figure 4C). Collectively, 

these results implicate UCHL1 as important for the maintenance and regulation of AJ 

via effects on VE-cadherin including its cellular localization, phosphorylation, as well as 

its ubiquitination and proteasomal degradation. Although we did not investigate the 

mechanisms underlying increased VE-cadherin phosphorylation despite decreased total 

VE-cadherin in these experiments, we speculate that increased proteasomal 

degradation of VE-cadherin promotes its internalization from the membrane, an event 

known to be associated with increased phosphorylation [12].  

 

Tight junctional protein expression and regulation in UCHL1-silenced EC. 

Claudins are the major transmembrane proteins of TJ that regulate paracellular 

permeability, cell polarity, and signal transduction (2). VE-cadherin spatial distribution is 

known to mediate claudin-5 expression regulated by the transcription factor, FoxO1 (5, 

27). Accordingly, we next assessed the role of UCHL1 in the regulation claudin-5 

expression. Western blotting revealed significantly reduced claudin-5 protein levels in 

UCHL1-silenced EC compared to unsilenced controls (Figure 5A). Further, fluorescent 

images confirmed a significant reduction of claudin-5 expression at the cell periphery in 

UCHL1-silenced cells compared to unsilenced cells (Figure 5B). Thus, VE-cadherin 
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cytoplasmic distribution in UCHL1-silenced EC correlates with reduced claudin-5 

expression consistent with our prior report (5).  

VE-cadherin internalization and degradation is known to promote accumulation of 

β-catenin and unphosphorylated FoxO1 in the nucleus, which transcriptionally inhibit 

claudin-5 expression (27). To study the regulation of claudin-5 by FoxO1 in UCHL1-

silenced EC, we silenced FoxO1 and UCHL1, separately and in combination, and 

assessed claudin-5 expression levels by Western blotting. Notably, FoxO1-silencing 

abrogated claudin-5 downregulation in UCHL1-silenced EC (Figure 5C).  

 

Role of UCHL1 in the elaboration of murine VILI. To study the role of UCHL1 in the 

elaboration of vascular permeability and inflammation associated with VILI in vivo 

wildtype C57Bl/6 mice were treated with LDN-57444 (5 mg/kg, IP) or vehicle 24 h and 

again 1 h before VILI-challenge (VT 30 ml/kg, 4 h). A small but significant increase in 

BAL fluid protein levels was observed in control (spontaneously breathing) mice treated 

with LDN compared to untreated controls while there was no difference in BAL total cell 

counts or neutrophils. Most notably, amongst VILI-challenged mice LDN treatment was 

associated with significantly increased BAL fluid total protein levels, total cell counts and 

polymorphonuclear neutrophils (PMN) compared to vehicle-treated (Figure 6). In 

addition, evaluation of lung histology of VILI-challenged mice also confirmed 

significantly increased alveolar and interstitial inflammatory cells associated with LDN 

treatment compared to vehicle-treated controls (Figure 7). These data support the idea 

that inhibition of UCHL1 in vivo increases VILI susceptibility as characterized by 
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augmented lung vascular permeability and inflammation, an observation consistent with 

our in vitro findings.  
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Discussion 

 

Research aimed at characterizing the molecular mechanisms that regulate pulmonary 

endothelial barrier function offers the promise of identifying novel therapeutic targets to 

treat the dire clinical effects of increased vascular leak associated with ALI. We 

previously identified UCHL1 as significantly upregulated in response to excessive 

mechanical stress in a pre-clinical VILI model (20). Moreover, increased VILI 

susceptibility was associated with reduced UCHL1 expression as we reported in 

GADD45a-/- mice. These animals express decreased UCHL1 due to promoter 

hypermethylation while GADD45a-/- mice treated with a DNA methylase inhibitor were 

found to have increased UCHL1 levels and reduced VILI susceptibility (20). Our results 

now strongly support an important role for UCHL1 in EC barrier regulation and suggest 

UCHL1 may represent a novel therapeutic target in ALI. 

 

UCHL1 is a deubiquitinating enzyme that negatively regulates protein ubiquitination and 

thus has effects on ubiquitin-dependent signaling, protein stability and ubiquitin 

homeostasis (7). Expression of UCHL1 is most prevalent in the brain, comprising as 

much as 5-10% of neuronal proteins (8), and it has been implicated as a pathogenic 

molecule in neurodegenerative disorders including both Alzheimer’s and Parkinson’s 

diseases as well as Lewy body disease (6, 24, 31). While low levels of UCHL1 

expression are found in other tissues, increased expression has been reported in a 

variety of cancers including pancreas, colorectal and breast cancer (10, 21, 34). 
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Conversely, decreased UCHL1 expression due to hypermethylaton of the promoter has 

been linked to ovarian, nasopharyngeal and gastric cancers, among others (8, 16, 33). 

Interestingly, increased UCHL1 expression has also been linked to improved outcomes 

in patients with neuroblastoma (3). While there is evidence that vascular remodeling 

may be attenuated by UCHL1 through inhibition of NF-ĸB (28), the role of UCHL1 in 

vascular biology in general has been poorly characterized.  

 

We found that UCHL1 is protective in models of increased lung vascular permeability as 

both knockdown of UCHL1 (siRNA) and its pharmacologic inhibition (LDN) were 

associated with increased vascular leak both in vitro and in vivo. Our findings were also 

associated with increased ubiquitination and decreased expression levels of VE-

cadherin, an adherens junction protein that regulates vascular permeability via Y658 

phosphorylation (30). Further, UCHL1 knockdown was associated with decreased 

expression of claudin-5, an effect reversed by silencing of the transcriptional repressor, 

FoxO1 (Figure 8). These data are consistent with the known regulation of claudin-5 

expression by VE-cadherin via the inhibition of the nuclear accumulation of FoxO1 (27).  

 

One limitation of our study is the use of siRNA and pharmacologic inhibitors, both of 

which have potential non-specific or off-target effects. However, the comparable results 

we observed employing these separate strategies support the likelihood that these 

results are in fact due to decreased UCHL1 activity. Another potential limitation is the 

fact that it could be argued that our in vivo results do not confirm effects of LDN on lung 
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vascular permeability directly. However, evidence of increased levels of both protein 

and inflammatory cells in the BAL from VILI-challenged animals that received LDN is 

undoubtedly strong evidence of increased lung vascular permeability due to LDN 

treatment since these effects simply could not occur otherwise. 

 

Separately, while our data supports the idea that UCHL1 regulates VE-cadherin and 

claudin-5, another limitation of the current study is that these effects were also not 

confirmed in our in vivo experiments. However, we previously found significant 

increases in expression levels of both VE-cadherin and claudin-5 in lung homogenates 

from GADD45a-/- mice associated with overexpression of UCH1. Moreover, the 

importance of VE-cadherin, claudin-5 and FoxO1 as mediators of lung vascular 

permeability are supported by our prior work related to simvastatin, an HMG-coA 

reductase inhibitor that continues to have tantalizing yet unproven potential as a 

treatment for ALI (3, 5). Notably, mice with a targeted deletion of FoxO1 in the 

endothelium were found to have decreased lung vascular leak and mortality in a pre-

clinical sepsis model [Regmi et al, preprint article]. In addition, numerous investigators 

have reported promising findings related to the therapeutic potential of a variety of 

agonists in lung injury models that also effect these molecules and their associated 

signaling. One recent example is nicorandil, a nitrate used to treat angina and ATP-

sensitive K+ channel agonist, that was reported to be both protective in a pre-clinical ALI 

model and to increase VE-cadherin expression in lung EC (14). Nonetheless, the 
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realization of a safe and effective pharmacologic treatment for ALI remains an unmet 

goal. 

 

We have for the first time identified effects on the elaboration of lung injury associated 

with the targeted inhibition of UCHL1, a DUB that has previously garnered much interest 

in the cancer literature but has otherwise not previously been studied in this context.  

While these findings are novel, we recognize that the immediate translational 

applications may be limited. Nonetheless, it is clear that research focused on strategies 

aimed at effecting increased UCHL1, either its expression or activity, are now needed 

and investigations in this area may ultimately  
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Figure Legends 

 

Figure 1. UCHL1 knockdown negatively impacts EC barrier regulation. (A) EC 

were transfected with siRNA specific for UCHL1 (siUCHL1, 100 nM, 3 d) or non-specific 

siRNA and were then subjected to Western blotting for UCHL1 to confirm silencing 

(representative blot shown). (B) Subsequently, EC transfected with either siUCHL1 or 

nsRNA were plated on polycarbonate wells containing evaporated gold microelectrodes 

followed by treatment with HGF (25 ng/ml), a barrier-enhancing agonist, or vehicle and 

transendothelial resistance (TER) was measured over time. At peak effect, HGF-

induced barrier enhancement was significantly attenuated in UCHL1-silenced cells 

compared to controls (bar graph, *p < 0.05, n= 3). (C) In similar experiments, cells were 

treated with thrombin (1 U/ml), a barrier-disruptive agonist, or vehicle and TER was 

measured. At the nadir of TER changes, thrombin-induced barrier disruption was 

significantly increased (i.e. more disruption) in UCHL-1 silenced cells (bar graph, *p < 

0.05, n = 3). (D) Experiments were repeated using human lung microvascular EC 

(HLMVEC) which confirmed similar effects on barrier regulation (representative tracings 

shown). 

 

Figure 2. UCHL1 inhibition negatively impacts endothelial cell barrier regulation.   

(A) EC were plated on polycarbonate wells containing evaporated gold microelectrodes 

followed by treatment with the UCHL1 inhibitor, LDN 57444 (LDN, 5 µM) 1.5 h prior to 

HGF (25 ng/ml) and TER was measured over time. At peak effect, HGF-induced barrier 
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enhancement was significantly attenuated in LDN-treated cells compared to untreated 

controls (bar graph, *p < 0.05, n= 3). (B) In similar experiments, LDN-treated and 

controls cells were administered thrombin (1 unit/ml) or vehicle and TER was measured. 

At the nadir of TER changes, thrombin-induced barrier disruption was significantly 

increased in UCHL1-silenced cells (bar graph, *p < 0.05, n = 3). 

 

Figure 3. Redistribution of VE-cadherin and β-catenin in UCHL1-silenced EC. (A) 

Immunofluorescence imaging of EC transfected with control siRNA (nsRNA) or 

siUCHL1 (100 nM, 3 d) demonstrate co-localization of VE-cadherin and β-catenin at the 

cell periphery in control cells (arrows). In contrast, UCHL1-silencing demonstrated 

reduced levels of VE-cadherin and β-catenin at the membrane with redistribution to the 

cytoplasm (representative images shown). (B) Notably, Western blotting of whole cell 

lysates confirmed significantly reduced total VE-cadherin levels in UCHL1-silenced EC 

(representative blot shown, *p < 0.05, n = 3). 

  

 

Figure 4. Proteasomal degradation of VE-cadherin is increased in response to 

UCHL1 silencing. (A) EC transfected with siRNA (100 nM, 3 d) or non-specific RNA 

(control siRNA) were treated with chloroquine (20 µM, 2 h), a lysosomal inhibitor, prior 

to Western blotting. In response to UCHL1 silencing, levels of VE-cadherin Y658 

phosphorylation were significantly increased while total VE-cadherin levels were 

significantly decreased (*p > 0.05 compared to respective controls transfected with non-
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specific siRNA). However, chloroquine did not have a significant on either total or 

phospho-VE-cadherin. (B) In similar experiments, EC transfected with siRNA (100 nM, 

3 d) or non-specific RNA (control siRNA) were treated with MG-132 (10 µM, 2 h), a 

proteasomal inhibitor, prior to Western blotting. In response to UCHL1 silencing, levels 

of VE-cadherin Y658 phosphorylation were significantly increased (*p < 0.05 compared 

to respective controls transfected with non-specific RNA). However, while silencing 

UCHL1 was associated with significantly decreased VE-cadherin phosphorylation at 

Y658, these effects were abrogated by pretreatment with MG132 (**p < 0.05).  (n = 

3/experimental condition) (C) Immunoprecipitation of VE-cadherin after UCHL1 

silencing (100 nM, 3 d) followed by Western blotting for ubiquitin demonstrated an 

increased association of ubiquitin with VE cadherin (representative blots shown). 

 

Figure 5. Claudin-5 expression is decreased in UCHL1-silenced EC. (A) Western 

blotting of UCHL1-silenced EC (100 nM, 3d) demonstrated decreased claudin-5 

expression levels compared to controls transfected with control siRNA (* p > 0.05, n=3). 

(B) Immunofluorescence of UCHL1-silenced EC revealed decreased claudin-5 

specifically localized at the cell membrane compared to controls. (C) Silencing of FoxO1 

(siFoxO1, 100 nM, 3 d) abrogated the decreased expression of claudin-5 associated 

with UCHL1 knockdown (siUCHL1) (representative blots shown).    

 

Figure 6. UCHL1 inhibition is associated with increased VILI: BAL fluid analysis. 
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C57Bl/6 mice were pretreated with the UCHL1 inhibitor LDN-57444 (LDN, 5 mg/kg, IP) 

or vehicle 24 h and again 1 h before VILI-challenge (VT 30 ml/kg, 4 h). Bronchoalveolar 

lavage (BAL) was then collected for analysis of (A) total protein and (B) total cell counts 

as well as (C) differential cell counts. Compared to VILI-challenged control animals, 

LDN treatment was associated with significantly increased total protein and cell counts 

with significant increase specifically in PMNs (*p < 0.05, n = 3 animals/condition).   

 

Figure 7. UCHL1 inhibition is associated with increased VILI: Lung Histology. 

C57Bl/6 mice were pretreated with the UCHL1 inhibitor LDN-57444 (LDN, 5 mg/kg, IP) 

or vehicle 24 h and again 1 h before VILI-challenge (VT 30 ml/kg, 4 h). (A) Histology of 

lungs collected from select animals demonstrated interstitial edema and infiltration of 

inflammatory cells associated with VILI (bottom left panel) that was augmented by LDN 

treatment (bottom right panel; arrows indicate areas of edema and inflammatory cell 

infiltration; representative images shown).  

 

Figure 8. Proposed schema of EC Barrier Regulation by UCHL1. UCHL1 promotes 

VE-cadherin expression levels via inhibition of its deubiquitination and subsequent 

proteasomeal degradation. In turn, VE-cadherin effects increased phosphorylation of 

FoxO1, a transcriptional repressor of claudin-5, leading to its translocation from the 

nucleus, as a result, increased claudin-5 expression. The combined effects of increased 

VE-cadherin and claudin-5 at the membrane augment EC barrier function.  Conversely, 
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decreased UCHL1 expression is associated with increased proteasomal degradation of 

VE-cadherin which is preceded by its phosphorylation and internalization, events 

associated with adherens junction disassembly and decreased EC barrier function. 
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