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Abstract
Background/Aims: Increase in vascular permeability is a cardinal feature of all inflammatory 
diseases and represents an imbalance in vascular contractile forces and barrier-restorative 
forces, both of which are highly dependent on actin cytoskeletal dynamics. In addition to the 
involvement of key vascular barrier-regulatory, actin-binding proteins, such as nmMLCK and 
cortactin, we recently demonstrated a role for a member of the Ena-VASP family known as Ena-
VASP-like (EVL) in promoting vascular focal adhesion (FA) remodeling and endothelial cell (EC) 
barrier restoration/preservation. Methods: To further understand the role of EVL in EC barrier-
regulatory processes, we examined EVL-cytoskeletal protein interactions in FA dynamics in 
vitro utilizing lung EC and in vivo murine models of acute inflammatory lung injury. Deletion 
mapping studies and immunoprecipitation assays were performed to detail the interaction 
between EVL and cortactin, and further evaluated by assessment of changes in vascular EC 
permeability following disruption of EVL-cortactin interaction. Results: Initial studies focusing 
on the actin-binding proteins, nmMLCK and cortactin, utilized deletion mapping of the cortactin 
gene (CTTN) to identify cortactin domains critical for EVL-cortactin interaction and verified 
the role of actin in promoting EVL-cortactin interaction. A role for profilins, actin-binding 
proteins that regulate actin polymerization, was established in facilitating EVL-FA binding. 
Conclusion: In summary, these studies further substantiate EVL participation in regulation of 
vascular barrier integrity and in the highly choreographed cytoskeletal interactions between 
key FA and cytoskeletal partners.
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Introduction

The integrity of the vascular barrier is regulated by the actin cytoskeleton which 
dynamically balances both barrier-disrupting contractile forces [1] and barrier-protective 
forces that include cell-cell and cell matrix interactions [2]. Endothelial cell (EC) barrier 
integrity is severely impaired during acute inflammatory conditions via processes that result 
in prominent vascular leak, interstitial edema and organ dysfunction [3]. Perturbation of 
EC junctional and focal adhesion (FA) [4] protein complexes and dysregulation of the actin 
cytoskeleton [5] mediates this event. The dynamic processes of actin polymerization and 
stress fiber formation leading to paracellular gap formation involve actin-binding proteins 
such as cortactin, non-muscle myosin light chain kinase (nmMLCK), Arp2/3, p21-activated 
kinase and other effectors [6, 7]. These proteins (cortactin and MLCK) directly bind actin 
or regulate actin-related polymerization processes (Arp2/3) with protein interactions 
highly stimulus-specific. We demonstrated [6-8] that EC challenge with the vascular barrier-
enhancing S1PR1 agonist, sphingosine-1-phosphate (S1P), induces EC nmMLCK activation 
and nmMLCK-mediated myosin light chain (MLC) phosphorylation, in conjunction with 
cortactin binding to nmMLCK [7, 9, 10]. Both nmMLCK and cortactin promote EC cytoskeletal 
remodeling in peripheral regions, including lamellipodia, processes critical for closure of 
intercellular gaps and restoration of vascular barrier integrity [7, 11]. The tight interactions 
of cortactin with actin and Arp2/3 [12] are facilitated by actin-binding domains in cortactin 
and the distribution of cortactin in EC cortical actin rings, membrane ruffles and lamellipodia 
[13, 14] enabling participation in critical vascular barrier-regulatory processes. In contrast, 
vascular barrier disruption by the PAR1-receptor activating procoagulant, thrombin, causes 
nmMLCK association with actin, disruption of nmMLCK-cortactin interaction [9], and 
centrally-distributed MLC phosphorylation and actin stress fiber formation that results 
in cell contraction and loss of vascular barrier integrity [15]. Thus, actin protein-protein 
interactions regulate EC barrier-regulatory responses.

The actin cytoskeleton is connected to the cell exterior environment via FA complexes 
that include integrins, paxillin, vinculin, focal adhesion kinase (FAK) and several other 
proteins [16, 17]. FAK is a non-receptor kinase that is involved in lamellipodia dynamics and 
assembly and disassembly of FAs [2, 18, 19] and FAK-deleted ECs show reduced tubulogenesis, 
proliferation and migration [20]. We have demonstrated important differential roles for 
FAK-mediated protein phosphorylation in both S1P-induced EC barrier enhancement and 
thrombin-mediated barrier disruption [18, 19]. Recently, utilizing measurements of trans-
endothelial electrical resistance (TEER) and total internal reflection fluorescence (TIRF) 
microscopy [21], we identified Ena-VASP-like (EVL), a member of the Ena/VASP family of 
proteins, to be critically involved in integrity of the vasculature contributing to the number 
of FAs formed as well as lamellipodia responses to S1P and thrombin challenge. EVL over-
expression enhanced EC barrier protective responses to S1P and reduced thrombin-induced 
EC barrier disruption [21]. TIRF studies demonstrated the presence of EVL in EC FAs and 
impacting FA size, distribution, and the number of FAs generated in response to S1P and 
thrombin challenge [21]. FAK plays as a key contributor in S1P-stimulated FA rearrangement 
in EVL-transduced EC but a limited role in thrombin-induced FA rearrangements.

As EVL is a novel regulator of vascular barrier integrity via interactions with FAK 
and cytoskeletal regulatory proteins, we sought to further interrogate EVL regulation of 
cytoskeletal and focal adhesion dynamics with a focus on the interactions between EVL and 
the key barrier-regulatory protein, EVL and cortactin. Deletion mapping studies identified 
cortactin domains that are critical for EVL binding and verified the essential role of actin in 
promoting the interaction of EVL and cortactin. In addition, we demonstrated that profilins, 
actin-binding proteins that regulate actin polymerization, are directly involved in facilitating 
EVL-FA binding.
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Materials and Methods

Endothelial cell culture
Human pulmonary artery endothelial cells (HPAEC; Lonza, Walkersville, MD) were cultured in EGM2 

(Lonza, Walkersville, MD) and used between passages 6 and 8 [22].

siRNA transfection
Non-targeting control (cat# D-001810-10-05) and EVL (cat# L-020877-00-0010) on-target plus smart 

pool siRNAs were obtained from Dharmacon/Horizon (Lafayette, CO, USA). HPAEC cells were transfected 
using siPORTamine (ThermoFisher Scientific, Waltham, MA) according to the manufacturer’s protocol. After 
48 hours of transfection, EVL silencing in ECs was evaluated by Western blotting.

Transendothelial electrical resistance
Transendothelial electrical resistance (TEER) measurements of HPAEC cells plated in 96-well TEER 

plates (Applied Biophysics, Troy, NY) were performed using an electrical cell–substrate impedance sensing 
system (ECIS) (Applied Biophysics, Troy, NY). As reported [21], S1P (Sigma, St Louis, MO) was used to 
simulate vascular protection in cells transfected with either control siRNA or EVL siRNA.

Immunoprecipitation from endothelial cells
ECs were transduced with lenti-viruses of myc-tagged EVL as previously described [21]. ECs 

overexpressing myc-EVL were treated with sphingosine-1-phosphate 1 uM or thrombin 0.5 U/ml for 0, 5 or 
10 min. Cells were lysed in NP40-CHAPS buffer supplemented with inhibitors of protease (Thermo Fisher 
Scientific, Waltham, USA) and phosphatase (Sigma, St Louis, MO, USA). Equal amounts of protein were 
taken for immunoprecipitation and incubated with myc- tagged magnetic beads (Thermo Fisher Scientific, 
Waltham, USA). Protein complexes were isolated by incubating for 1.5 hours at room temperature, followed 
by washing with the same buffer and eluted in LDS sample buffer (Thermo Fisher Scientific, Waltham, USA).

Immunoprecipitation from HEK-293 cells
HEK 293 cells were transfected using Xfect (Takara Bio, Mountain View, CA) to express HA-EVL and myc-

cortactin. 48 hours post-transfection cells were prepared with NP40-CHAPS buffer. Immunoprecipitation 
was performed using Pierce anti-HA magnetic beads (Thermo Fisher Scientific, Waltham, USA). Proteins 
immunoprecipitates were eluted in LDS buffer (Thermo Fisher Scientific, Waltham, USA) and analyzed 
using antibodies against HA- and Myc-tag (Cell Signaling Technology, Danvers, USA), profilin-1 (Abcam, 
Cambridge, MA, USA) and profilin-2 (MilliporeSigma, St. Louis, MO, USA).

Analysis of mouse lung tissues
A well-established preclinical mouse model of ARDS/VILI was utilized and lung tissue samples 

obtained from mice received either LPS alone or combination of LPS and mechanical ventilation (LPS/VILI) 
and control mice [23]. Immunoprecipitation and Western blotting was carried out.

Western blotting
Western blotting of lung tissue and cell extract proteins was performed with densitometric analysis 

normalized to β-actin expression as previously reported [21]. Primary antibodies used in this study include 
EVL and cortactin (Santa Cruz Biotechnology, Dallas, USA), MLC2 and p-MLC2-T18/S19 (CST, Danvers, MA, 
USA), and imaging was carried out using a ChemiDoc MP imaging system (Bio-Rad, Hercules, USA). β-actin 
was visualized using HRP-conjugated antibodies (MilliporeSigma, St. Louis, MO, USA).

Statistical analysis
Western blot images were analyzed using ImageJ software. All images were analyzed in triplicate. All 

data were analyzed using Student›s t test and the statistically significant threshold was at p < 0.05.



Cell Physiol Biochem 2022;56:329-339
DOI: 10.33594/000000553
Published online: 20 July 2022 332

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2022 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

Mascarenhas et al.: EVL Interaction with Cortactin

Results

The EVL-cortactin interaction is influenced by vascular-regulatory agents
As we have previously shown that cortactin is centrally involved in vascular EC barrier 

regulation [8], to mechanistically determine the basis for EVL influences on vascular barrier 
integrity, we sought to investigate if EVL interacts with cortactin to stabilize the vascular 
barrier. HPAEC cells transduced with EVL-myc were stimulated with S1P or thrombin and 
cell lysates obtained for comparison to untreated EC. Upon immunoprecipitation (IP) with 
myc-tagged magnetic beads, Western blotting was performed to detect EVL and cortactin 
binding. While EVL over-expression was detected at unchanged level by exposures of S1P or 
thrombin in both cell lysates (Fig. 1A, blot 4 and 1B) and IP samples (Fig. 1A, blot 3 and 1B), 
the interaction of cortactin and EVL was strongly increased by S1P and thrombin following 
10 minute challenge (Fig. 1A, blot 1). Co-immunoprecipitation of β-actin with EVL was also 
elevated in S1P-treated IPs but not to the same extent as thrombin challenge (Fig. 1A, blot 2). 
Because EVL is involved in EC focal adhesions in response to S1P and thrombin challenge, 
these data suggest that EVL-cortactin interaction may be an important event in vascular 
barrier regulation.

To further translate this important finding, we analyzed EVL and cortactin levels in 
lysates obtained from murine lungs obtained from PBS-, LPS- and LPS-VILI-challenged mice. 
EVL levels in lung tissue homogenates were slightly reduced across all treatments (Fig. 2A, 
blot 2 and 2B), however, cortactin levels were greatly decreased in both LPS and LPS-VILI 
treated animals compared to control animals which maintained cortactin levels (Fig. 2A, blot 1 
and 2B). Protein expression of β-actin (Fig. 2A, blot 3) was used as a loading control in these 
experiments to verify equal protein loading. To see effects of LPS or LPS/EVL challenges on the 
EVL-cortactin interaction, binding assay was performed in mouse lung tissue homogenates. 
Immunoprecipitation with EVL conjugated beads demonstrate that the interaction of EVL 
and cortactin was remarkably reduced by LPS and LPS/VILI challenges (Fig. 2C). These 
results indicate that disruptive stimuli such as LPS and LPS-VILI decrease cortactin levels, 
thereby disrupting EVL-cortactin interactions which we speculate this interaction is involved 
in inflammation-induced vascular permeability and lung injury. To test this hypothesis, we 

Fig. 1. Vascular barrier-regulatory sti-
muli alter EVL-cortactin interactions. 
A. EVL was immunoprecipitated from 
myc-EVL-transduced ECs using anti- 
myc magnetic beads and analyzed by 
Western blotting using anti-cortactin 
antibody (Blot 1). Cortactin interac-
tion with EVL was increased by S1P 
and thrombin (Thr) challenge. β-Actin 
co-eluting with EVL is shown (Blot 2). 
EVL immunoprecipitation is shown 
using myc-tag antibody (Blot 3). Input 
of cell lysates extracted from ECs over-
expressing myc-EVL (Blot 4). B. Quan-
tification of panel (A) Western blots 
showing significant increases in in-
teraction between Cortactin and actin 
proteins by S1P. Data are presented as 
mean ± SM (n=3). Unpaired Student›s 
t-test was used for statistical analysis. 
*P < 0.05, compared to the control (-).
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silenced EVL expression in HPAECs using EVL siRNA to disrupt the interaction between EVL 
and cortactin. Then, ECs transfected with control siRNA or EVL siRNA. were exposed to S1P. 
S1P activates MLC2 by phosphirylation at threonine-18/serine-19 residues. As expected 
S1P exposure of control cells resulted in increased phosphorylation of MLC2 (Fig. 2D). In 
contrast, S1P exposure of EVL siRNA cells did not show increased phospho-MLC2 level. 
Changes in barrier integrity assessed by ECIS also demonstrated that EVL siRNA inhibited the 
barrier protective effect of S1P (Fig. 2E). These data suggest that EVL-cortactin interaction is 
required to maintain vascular integrity.

Polymerized actin drives EVL-cortactin interactions
To detail the EVL-cortactin interaction, HEK-293T cells were co-transfected with full 

length EVL fused to a HA tag (FL-EVL-HA) and full length cortactin fused to a myc tag 
(FL-cortactin-myc) (Fig. 3A and B). EVL protein was immunoprecipitated using anti-HA 
agarose beads and immunoprecipitated EVL was detected by Western blot using anti-HA 
antibody. Co-immunoprecipitated cortactin was detected by Western blot analysis with an 
anti-myc antibody (Fig. 3C, D, E, F and I). To validate this protein-protein interaction, we 

Fig. 2. Detection of EVL and cortactin in mouse lung tissues of acute lung injury model. A. Representative 
Wetern blot images. Mouse lung tissue lysates were obtained from control animals or animals treated with 
LPS or LPS combined with high tidal volume mechanical ventilation (VILI). Western blots performed for 
cortactin (Blot 1). Levels of EVL and β-actin protein are shown (Blot 2 & 3). B. Quantification of panel (A) 
Western blots of three mouse lung tissues are shown. Data are presented as mean ± SD (n = 3). Unpaired 
Student›s t-test was used for statistical analysis. *P < 0.05, compared to the control (-). C. Mouse lung tissue 
homogenates were incubated with mouse monoclonal EVL antibody and protein A/G magnetic beads. The 
beads were precipitated and subjected to Western blotting with cortactin and EVL antibodies. D. Represen-
tative Western blot analysis of phospho-MLC2, MLC2 and EVL. ECs were transfected with scrambled control 
or EVL siRNA. After 48 hours, cells were treated with 1 µmol/L S1P for 5 min. E. ECs were transfected with 
siRNA against EVL or non-targeting control. Transfected cells were plated on ECIS plates and treated with 
1 µmol/L S1P and barrier regulation was assessed by changes in resistance. Data are presented as mean ± 
SD (n = 4).
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Fig. 3. Actin mediates EVL interaction with cortactin. A. Domain organization of full-length cortactin with 
a myc-tag. Deletions were generated lacking the cortactin repeats (∆-repeats cortactin-myc) or a construct 
comprising the NTA domain and the cortactin repeats (NTA + cortactin repeats). B. Domain organization 
of full length EVL with a HA-tag. Constructs were generated with either the EVH2 domain (EVH2-HA) or 
lacking the EVH2 domain (∆-EVH2-HA). Western blot of cell lysates from 293 cells transfected and pro-
bed with a HA antibody (C.) or a myc-tag antibody as in (E.) Lanes are (1). pcDNA; (2). Full-length cortac-
tin-myc; (3). NTA + cortactin repeats; (4). ∆-repeats cortactin-myc; (5). Full-length EVL-HA; (6). ∆-EVH2-HA; 
(7). EVH2-HA; (8). Full-length cortactin-myc + full-length EVL-HA; (9). Full-length EVL-HA + (NTA + cortac-
tin repeats); (10). Full-length EVL-HA + ∆-repeats cortactin-myc; (11). Full-length cortactin-myc + ∆-EVH2-
HA; (12). Full-length cortactin-myc + EVH2-HA. D. Immunoprecipitates using a HA antibody showed the 
presence of EVL and all deletions as analyzed by western blotting using a HA antibody. F. Western blotting 
using an antibody directed against the myc-tag antibody indicates the presence of cortactin indicating that 
EVL and cortactin interact (Lane 8). Full length EVL interacts with a cortactin deletion comprising of the 
NTA and the cortactin repeats (Lane 9). Upon deletion of the cortactin repeats the EVL-cortactin interaction 
is lost (Lane 10). While loss of the EVH2 domain does not prevent binding to full length cortactin (Lane 11), 
the EVH2 domain by itself binds full-length cortactin albeit with a lower affinity (Lane 12). G. Only full length 
EVL can efficiently immunoprecipitate β-actin as indicated in lanes 5, 8, 9 and 10. EVL truncation constructs 
significantly affected binding of EVL-β-actin interaction (lanes 6, 7, 11 and 12). H. Quantification of panel 
(D) IP Western blots. I. Quantification of panel (F) IP Western blots. J. Quantification of panel (G) IP Western 
blots. Data are presented as mean ± SD (n = 3).
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generated cortactin mutants lacking specific regions (Fig. 3A). These include a cortactin 
mutant lacking actin repeat region known to be important for binding to actin (∆-repeats 
cortactin-myc) [24] and a construct that included the NTA domain and the cortactin repeats 
(NTA + cortactin repeats). As expected, we detected full length EVL immunoprecipitates in 
cell lysates transfected with the full-length protein (Fig. 3D and H, Lanes 5, 8, 9 and 10) 
that were accompanied by the presence of β-actin in immunoprecipitates. To analyze the 
interaction, we next performed Western blots using myc-tag specific antibodies detected full-
length cortactin in co-immunoprecipitates (Fig. 3F and I, Lane 8) and the cortactin deletion 
containing only the NTA and cortactin repeats (Fig. 3F and I, Lane 9). Interestingly, deletion 
of the cortactin repeats (∆-repeats cortactin-MYC) that was previously shown to bind actin, 
abolished cortactin binding to full length EVL (Fig. 3F and I, lane 10). The presence of β-actin 
in these immunoprecipitates (Fig. 3G and J, Lane 10) indicated that EVL is required for actin 
and cortactin assembly. To further identify regions involved in EVL-cortactin interaction, 
two additional constructs were generated that included the EVH2 domain that possesses the 
F- and G-actin binding regions (EVH2-HA) and a construct that lacks the EVH2 (∆-EVH2-HA) 
(Fig. 3B, C and D, lanes 5-7, lanes 10-12). Deletion of the EVH2 domain did not significantly 
alter EVL binding to full length cortactin (Fig. 3F and I, lane 11). In contrast, cortactin 
interaction with the EVH2-containing fragment was greatly decreased (Fig. 3F and I, lane 12). 
Both deletion fragments of EVL (EVH2-HA) and (∆-EVH2-HA) markedly lost β-actin binding 
(Fig. 3G and J, lanes 6 and 11, lanes 7 and 12). In summary, these data indicate that the repeat 
region of cortactin is critical in mediating the EVL-cortactin interaction. In EVL deletion of 
EVH1 and proline-rich domains resulted in decreased cortactin binding, suggesting that 
the EVH1 domain located at the N-terminus is preferentially involved in mediating EVL 
interaction with cortactin.

Profilin-2 is involved in EVL-cortactin interactions
We have demonstrated that only full length EVL efficiently binds to cortactin and 

actin. Although the actin-binding region of EVL resides within the EVH2 domain [25], 
immunoprecipitate analysis of cells transfected with EVH2 alone indicates that the EVH2 
domain did not bind actin. In contrast, actin was detected in EVH1 domain-transfected cell 
immunoprecipitates suggesting the involvement of other actin-binding proteins. To further 
investigate this possibility, we performed western blotting for profilins, proteins capable of 
binding to both actin and EVL, and that promote EVL-induced actin polymerization [26]. 
Transfected HA- and myc-tagged proteins corresponding to EVL and cortactin respectively 
were identified in cell lysates (Fig. 4A, B, C, D, I and J) with abundant endogenous expression 
of both profilin-1 (Fig. 4E) and -2 (Fig. 4G). Abundant levels of profilin-2 were observed in 
immunoprecipitates of full-length EVL (Fig. 4H and L, lanes 3, 6) while profilin-2 levels were 
reduced in immunoprecipitates of ∆-EVH2-HA transfections reflecting weaker transduction 
of ∆-EVH2-HA in cell lysates. Detectable levels of profilin-2 were not observed in the EVH2 
immunoprecipitates indicating preferential binding of profilin-2 to the EVH1 domain. 
Similarly, EVH1 domain was required for the interaction with profilin-1 (Fig. 4F and K). 
These data suggest that the EVL-cortactin interaction occurs via a complex involving both 
actin and profilin-2.
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Discussion

Ena VASP-like protein or EVL, regulates peripheral cytoskeletal remodeling and lamelli-
podial activity to restore EC barrier integrity. EVL aggregates in EC focal adhesions after 
S1P presumably increasing FA strength during cytoskeletal remodeling and lamellipodial 
dynamics. The C-terminal EVH2 domain of EVL is involved in G-/F-actin binding and 
tetramerization via the oligomerization domain. The EVH1 domain, located at the N-terminus, 

Fig. 4. EVL preferentially interacts with profilin-2. 293 cells were transfected with full length cortactin 
along with full-length or deletions of EVL. Lysates and immunoprecipitates were analyzed by Western 
blotting. Lanes are (1). pcDNA; (2). Full-length cortactin-myc; (3). Full-length EVL-HA; (4). ∆-EVH2-HA; 
(5). EVH2-HA; (6). Full-length cortactin-myc + Full-length EVL-HA; (7). Full-length cortactin-myc + ∆-EVH2-
HA; (8). Full-length cortactin-myc + EVH2-HA. Lysates probed with a HA antibody (A.) or a myc-tag antibody 
(C.). Panels in B. and D. represent HA- and myc-tagged immunoprecipitated proteins respectively. Profilin-1 
and -2 are shown in E. and G. in cell lysates while F. and H. represent profilin-1 and -2 in the eluates. Profi-
lin-2 interacts preferentially with full length EVL-HA (H. Lanes 3 and 6) and with ∆-EVH2-HA (Lanes 4 and 
7). However, profilin-1 interacts similarly with full length EVL-HA (F. Lanes 3 and 6) but weakly. I. Quantifi-
cation of panel (B) IP Western blots. J. Quantification of panel (D) IP Western blots. K. Quantification of panel 
(F) IP Western blots. L. Quantification of panel (H) IP Western blots. Data are presented as mean ± SD (n = 3).
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mediates interaction with other proteins and FA targeting [4]. EVL interaction via the SH3 
domain of alpha-spectrins establishes a spectrin-actin network and facilitates dynamic actin 
reorganization at filopodia and lamellipodia while its interaction with CRMP-1 enhances 
actin polymerization in the protruding lamellipodia [4, 27].

As we demonstrated that EVL promotes vascular FA remodeling involved in 
maintaining EC barrier integrity [21], we examined whether EVL participates in cytoskeletal 
rearrangements and explored EVL-cortactin interactions. EVL exerts a protective role in 
thrombin-induced vascular disruption and enhances EC responses to the vascular barrier 
enhancing agonist, S1P [21]. In the current study, we demonstrated that EVL-cortactin 
interaction is also directly influenced by EC challenge with either S1P or thrombin. The 
coimmunoprecipitation of EVL and cortactin suggests that EVL promotes the cortactin-
mediated assembly of the actin polymerization proteins during the process of recovery from 
thrombin-induced vascular disruption. However, lung tissues obtained from mice exhibiting 
acute inflammatory lung injury showed loss of cortactin expression but not EVL expression. 
This result suggests the potential for EVL-mediated EC barrier protection to be dependent 
on an interaction with cortactin. Reduced cortactin expression in the lung tissues of LPS-
treated mice could be explained by the reports demonstrating that LPS exposure promotes 
degradation of cortactin via ubiquitination and ERK-mediated phosphorylation [28]. 
Sarcomeric myosin heavy chain protein was also reduced in acute inflammatory lung injury 
models upon LPS instillation with concordant upregulation of Trim63 (MuRF1), a ubiquitin 
E3-ligase that tags proteins for degradation via the ubiquitin proteasomal pathway.

We have identified that the EVL-cortactin interaction occurs through a complex of proteins 
including actin and profilin-2 to regulate lamellipodia dynamics and actin polymerization. 
As mentioned above, protein complexes containing cortactin serve as a bridge between the 
Arp2/3 and actin to regulate lamellipodia persistence [29]. This lamellipodia persistence is 
highly dependent on actin polymerization and the presence of profilin to inhibit hydrolysis of 
actin-bound ATP favoring monomeric actin that is competent for the addition to barbed ends 
of actin filaments. It has also been observed that profilin-2 showed a preferential binding to 
EVL in breast cancer [26] and the related member, VASP, can recruit profilin to lamellipodia 
regions involved in actin polymerization [30]. These data indicate that localization of EVL 
to the lamellipodia with other proteins including cortactin and profilin enhances the rate of 
polymerization of actin leading to lamellipodia and filopodia extension. Moreover, disrupting 
EVL-cortactin interaction by silencing EVL expression increased MLC2 phsophorylation 
and supressed S1P-mediated barrier protection. In summary, EVL plays a significant role 
in regulating EC barrier integrity and vascular permeability via protein interactions with 
specific cortactin domains. By examining this protein-protein interaction during vascular 
barrier changes, we clarified EVL participation in the regulation of vascular barrier integrity 
and in the highly choreographed interactions between key FA and cytoskeletal partners, 
including cortactin. These studies inform the novel participation of the member of the 
Ena-VASP family known as Ena-VASP-like (EVL) in promoting vascular focal adhesion (FA) 
remodeling and endothelial cell (EC) barrier restoration/preservation. Using in vitro and 
in vivo strategies, both cortactin and profilins were found to participate in EVL-mediated 
EC barrier regulation. These studies further substantiate EVL participation in regulation of 
vascular barrier integrity and in the highly choreographed cytoskeletal interactions between 
key FA and cytoskeletal partners.
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