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. Simvastatin, an HMG-CoA reductase inhibitor, has lung vascular-protective effects that are associated

. with decreased agonist-induced integrin 34 (ITGB4) tyrosine phosphorylation. Accordingly, we

. hypothesized that endothelial cell (EC) protection by simvastatin is dependent on these effects
and sought to further characterize the functional role of ITGB4 as a mediator of EC protection
in the setting of excessive mechanical stretch at levels relevant to ventilator-induced lung injury
(VILI). Initially, early ITGB4 tyrosine phosphorylation was confirmed in human pulmonary artery

. EC subjected to excessive cyclic stretch (18% CS). EC overexpression of mutant ITGB4 with specific

tyrosines mutated to phenylalanine (Y1440, Y1526 Y1640, or Y1422) resulted in significantly

. attenuated CS-induced cytokine expression (IL6, IL-8, MCP-1, and RANTES). In addition, EC
overexpression of ITGB4 constructs with specific structural deletions also resulted in significantly
attenuated CS-induced inflammatory cytokine expression compared to overexpression of wildtype

. ITGBA4. Finally, mice expressing a mutant ITGB4 lacking a cytoplasmic signaling domain were

: found to have attenuated lung injury after VILI-challenge (V;=40ml/kg, 4h). Our results provide

. mechanistic insights into the anti-inflammatory properties of statins and may ultimately lead to
novel strategies targeted at ITGB4 signaling to treat VILI.

: Acute lung injury (ALI) is a challenging clinical problem characterized by increased lung vascular per-
: meability and inflammation and associated with significant morbidity and mortality’. Clinically, ALI can
. be precipitated or exacerbated by excessive lung stretch associated with mechanical ventilation, a condi-
. tion known as ventilator-induced lung injury (VILI). However, aside from the use of low tidal volume
. mechanical ventilation which was first reported over a decade ago? there are no therapies currently in
. practice that are able to definitively improve outcomes in patients with ALI/VILI. We previously reported
. the protective effects of simvastatin, an HMG coA-reductase inhibitor, in a murine model of LPS-induced
© ALP’. The mechanisms underlying the protective effects of simvastatin in this context are complex and

involve differential effects on endothelial cell (EC) Rho GTPases®, actin cytoskeletal rearrangement?,
. and NADPH oxidase inhibition® as well as differential EC gene expression including the upregulation of
: the tight junctional protein, claudin-5°. While these effects all contribute to murine ALI protection by
. statins, we identified integrin 34 (ITGB4) as the most upregulated gene in EC treated with simvastatin®

and confirmed that ITGB4 is a critical mediator of EC inflammatory responses relevant to ALI, evi-
. denced by the abrogation of murine ALI protection by simvastatin in response to the use of an ITGB4
© blocking antibody’. Subsequently, we have begun to characterize the role of ITGB4 in normal lung EC
: signaling and function®® and have identified ITGB4-mediated vascular inflammatory responses. In this
© study we sought to further define functional role of ITGB4 in lung EC inflammatory responses mediated
. by excessive mechanical stress consistent with levels able to precipitate VILI

IDivision of Pulmonary, Critical Care, Sleep, and Allergy, University of lllinois at Chicago, Chicago, IL. 2Department
. of Anatomy, Harbin Medical University at Daqing, China. 3Department of Anesthesiology, University of Illinois at
Chicago, Chicago, IL. “Department of Medicine, University of Arizona, Tucson, AZ. Correspondence and requests
. for materials should be addressed to J.R.J. (email: jrjacob@uic.edu)

SCIENTIFIC REPORTS | 5:16529 | DOI: 10.1038/srep16529 1


mailto:jrjacob@uic.edu

www.nature.com/scientificreports/

A.
18% CS (h)
control 0.5 1 2 4
p-tyrosine o — — 202 kDa
ITGB4 P —— — e 202 kDa
IP: ITGB4
B.

p-tyrosine/total ITGB4
S AN W s O N

-

5 05 1 2 4

S = -

§ 18% CS (h)

Figure 1. Mechanical stress of ITGB4 phosphorylation in human lung EC. (A) Human pulmonary artery
EC were grown to confluence on Bioflex plates and then subjected to 18% CS (0-4h). Cell lysates were

then used for immunoprecipitation (IP) using an anti-ITGB4 antibody followed by Western blotting for
phosphorylated tyrosine (p-tyrosine; representative blots shown). (B) Results of densitometry expressed as
p-tyrosine/total ITGB4 are shown (n= 3/condition, *p < 0.05 compared to control).

The integrins, expressed on a variety of cell types, are transmembrane heterodimers consisting of o
and (3 subunits that mediate both inside-out and outside-in signaling. While the role of ITGB4 in ALI
is not well characterized, a growing literature has implicated other {3 integrins as effectors of lung vas-
cular permeability and EC barrier function!®-!2. For example, ITGB5 has been identified as a mediator
of ALI in separate models of rat ischemia-reperfusion lung injury and murine ALI'’. Moreover, ITGB5
inhibition in vitro was found to attenuate agonist-induced EC actin stress fiber formation and monolayer
permeability. Additionally, in separate reports, ITGB2'?, ITGB3"* and ITGB6'! have also been implicated
as mediators of lung vascular permeability associated with ALIL, although the precise mechanisms of
integrin-mediated effects in these contexts remain to be fully characterized.

While 8 3 subunits have been identified, the laminin-5 receptor ITGB4, which forms a heterodimer
only with integrin «6, is uniquely characterized by its long cytoplasmic tail of over 1000 amino acids.
This tail is comprised of a proximal Calx Na-Ca exchanger domain followed by two pairs of fibronectin
type III repeats separated by a tyrosine activation motif (TAM)'. The extracellular portion of the 34
subunit sequence is found to have 35% homology with other integrin 3 subunits but is the most different
within this class of molecules. The transmembrane region is poorly conserved, whereas the cytoplasmic
domain shows no substantial identity in any region to the cytoplasmic tails of the known (3 sequences
or to other protein sequences. The exceptionally long cytoplasmic domain of ITGB4 suggests potentially
distinct protein interactions and downstream signaling relative to the other (3 integrins. In this study
we utilized various ITGB4 constructs with specific mutations or deletions within the cytoplasmic tail to
characterize its role in the elaboration of inflammatory responses of mechanically stressed lung EC in
vitro. In separate experiments, we subjected mice expressing a mutant ITGB4 lacking a cytoplasmic sig-
naling domain (terminating at amino acid 1355) to VILI and assessed lung vascular leak and inflamma-
tion. Collectively, these studies further define the functional role of EC ITGB4 as a mediator of ALI/VILI
and suggest selective targeting of ITGB4 signaling may represent a novel therapeutic strategy clinically.

Results

ITGB4 phosphorylation in response to mechanical stress. In initial experiments, human pulmo-
nary artery EC were grown to confluence on Bioflex plates and then subjected to 18% cyclic stretch (CS)
for up to 4h prior to collection of cell lysates for immunoprecipitation of ITGB4 followed by Western
blotting for p-tyrosine (Fig. 1). These studies confirmed increased tyrosine phosphorylation of ITGB4 in
response to CS evident within 30 min with peak phosphorylation at 2h. These data are consistent with
our previous report of increased EC ITGB4 phosphorylation in response to lipopolysaccharide (LPS)’,
as both LPS and excessive mechanical stress induce EC barrier disruption in vitro and inflammatory
lung injury in vivo.
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Role ITGB4 tyrosine phosphorylation in EC inflammatory responses to cyclic stretch. As a
model of VILI in vitro we utilized a Flexcell Strain Unit (FX-3000; FlexCell International) and subjected
human pulmonary artery EC grown on Bioflex plates to 18% cyclic stretch (CS) as we have previously
described'. This level of stretch is consistent with pathologic lung stretch that occurs clinically in the
setting of VILI while 5% CS corresponds to physiologic changes associated with normal respiration in
the healthy lung'®. To investigate the role of ITGB4 tyrosine phosphorylation in the expression of inflam-
matory cytokines induced by the mechanical stress of lung EC we first utilized a series of six ITGB4
constructs in which one of four tyrosines (Y1440, Y1526, Y1640, or Y1422) were mutated to phenyala-
nine (F), either individually or in combination (Fig. 2A). Initially, we confirmed effective overexpression
by Western blotting of whole cell lysates (Fig. 2B). These blots demonstrated two distinct bands upon
probing for ITGB4 which we speculate may be due to either variable posttranslational modifications
such as glycosolation'® or proteolysis of ITGB4". Subsequently, in all but three cases, transfection of EC
with an ITGB4 mutant resulted in a significant attenuation of the expression of inflammatory cytokines
IL-6, IL-8, MCP-1 or RANTES in the media after 18% CS (6h) compared to cells overexpressing wild-
type ITGB4 (Fig. 2C-F). Interestingly, two of the three assays that did not demonstrate a significant
effect involved constructs in which Y1422 and Y1440 were both mutated suggesting that this combined
mutation has effects on EC inflammatory signaling induced by mechanical stress that effectively coun-
teracts the predominant anti-inflammatory effects associated with the mutation of either one of these
tyrosines by itself. There was no appreciable effect of overexpression of either wildtype ITGB4 or any of
the mutants on cytokine levels detectable in the media of static cells.

Role ITGB4 cytoplasmic domain in EC inflammatory responses to cyclic stretch. We con-
ducted identical experiments using a separate series of ITGB4 constructs in which specific cytoplasmic
domains were deleted (Fig. 3A). Western blotting again confirmed overexpression of constructs with
bands noted at variable molecular weights corresponding to the expression of both endogenous ITGB4
and the individual transfected constructs (Fig. 3B). Compared to cells overexpressing wildtype ITGB4,
transfection of EC with any of these ITGB4 mutants resulted in a significant attenuation of the expres-
sion of inflammatory cytokines IL-6, IL-8, MCP-1 and RANTES in the media after CS (18%, 6h), with
only one exception noted (Fig. 3C-F). This single outlier was observed with CS-induced MCP-1 expres-
sion in cells transfected ITGB4 completely lacking a cytoplasmic domain (A). Conversely, we observed
a non-significant trend that transfection with ITGB4 lacking the proximal region of the cytoplasmic
domain (C) was associated with the most prominent and consistent effects on the reduced elaboration
of inflammatory cytokines after mechanical stress. Consistent with the previous series of experiments,
there was again no appreciable effect of overexpression of either wildtype ITGB4 or any of the mutants
on cytokine levels detectable in the media of static cells.

Role of ITGB4 cytoplasmic domain in the elaboration of murine VILI.  To investigate the signif-
icance of our results in an in vivo VILI model we initially confirmed the protective effects of simvastatin
in this context consistent with other reports'®. Mice were treated with simvastatin (20 mg/kg, IP injec-
tion) or vehicle 16h prior to being subjected to high tidal volume mechanical ventilation (V=40ml/
kg, 4h) to induce VILI. Compared to controls, animals that received simvastatin were found to have
significantly reduced bronchoalveolar lavage (BAL) fluid protein levels and total cell counts consistent
with an attenuated VILI-associated inflammatory response (Fig. 4).

Next, we subjected genetically engineered mice expressing ITGB4 lacking a cytoplasmic signaling
domain to high tidal volume mechanical ventilation and assessed indices of lung vascular permeability
and inflammation. Compared to wildtype control animals, mutant ITGB4 mice were found to have sig-
nificantly attenuated inflammatory response to VILI-challenge (V=40ml/kg, 4h) as assessed by BAL
fluid protein and total cell counts (Fig. 5A,B). Notably, while simvastatin was protective in our VILI
model, there was no appreciable effect of simvastatin pretreatment (20 mg/kg, IP, 16 h prior to mechanical
ventilation) in ITGB4 mutant mice subjected to VILI These results suggest that protection by simvastatin
in our murine VILI model is strongly influenced by its effects on ITGB4.

In the same experiments lung histology demonstrated infiltration of inflammatory cell and edema in
wildtype mice in response to VILI that was markedly reduced in mutant ITGB4 mice after VILI (Fig. 5C).
Finally, BAL fluid collected for measurement of inflammatory cytokines, IL-6 and KC (a murine IL-8
homolog), confirmed significantly lower levels of both cytokines in the BAL fluid of ITGB4 mutant
mice subjected to VILI compared to VILI-challenged controls (Fig. 6). Similarly, there was no effect of
simvastatin pretreatment on IL-6 and KC levels in ITGB4 mutant mice after VILI.

Discussion

In this study we confirmed the functional importance of ITGB4 in the elaboration of lung EC inflamma-
tory responses to mechanical stress both in vitro and in vivo. Specifically, we observed increased tyrosine
phosphorylation of ITGB4 in human pulmonary artery EC subjected to excessive CS while the overex-
pression of full length ITGB4 was associated with increased CS-induced EC expression of inflammatory
cytokines. In contrast, overexpression of any one of several distinct ITGB4 constructs harboring muta-
tions in the cytoplasmic tail, defined broadly by either mutations of tyrosine phosphorylation sites or
deletion of structural domains, resulted in decreased mechanical stress-induced inflammatory cytokines
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Figure 2. ITGB4 tyrosine phosphorylation mediates CS-induced EC inflammatory responses. Human
pulmonary artery EC were transfected with vector (control), wildtype ITGB4 or specific constructs in
which individual tyrosine residues (Y) were mutated to phenylalanine (F, panel A) prior to being subjected
to excessive mechanical stretch (18% CS, 6h). (B) Whole cell lysates were used for Western blotting and
were probed for ITGB4 to confirm overexpression. (C-F) Inflammatory cytokines IL-6, IL-8, MCP-1 and
RANTES were measured in the media after CS as shown (n = 3/condition, *p < 0.05 compared to static
wildtype controls, **p < 0.05 compared to wildtype cells subjected to CS). (TM = transmembrane domain,
PSI = plexin-semaphorin-integrin domain, VWA = von Willebrand factor A domain, TM = transmembrane
domain, FN = fibronectin type III domain, TAM = tyrosine activation motif).

released by EC. Moreover, mice expressing ITGB4 lacking a cytoplasmic signaling domain altogether
were protected from VILI compared to VILI-challenged wildtype animals. These results are consistent
with our hypothesis that phosphorylated ITGB4 is pro-inflammatory and, conversely, a relative decrease
in phosphorylated ITGB4 is anti-inflammatory. These findings further support emerging evidence for the
critical role of ITGB4 in the elaboration of ALI/VILL
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Figure 3. ITGB4 cytoplasmic domains mediate cyclic CS-induced EC inflammatory responses. Human
pulmonary artery EC were transfected with wildtype ITGB4 or specific deletion constructs (A) prior to
being subjected to excessive mechanical stretch (18% CS, 6h). (B) Whole cell lysates were used for Western
blotting and were probed for ITGB4 to confirm overexpression. (C-F) IL-6, IL-8, MCP-1 and RANTES were
measured in the media after CS as shown (n= 3/condition, *p < 0.05 compared to static wildtype controls,
**p < 0.05 compared to wildtype cells subjected to CS). (TM = transmembrane domain, PSI = plexin-
semaphorin-integrin domain, VWA = von Willebrand factor A domain, TM = transmembrane domain,
FN = fibronectin type III domain, TAM = tyrosine activation motif).
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Figure 4. Simvastatin attenuates vascular permeability and inflammation in mice subjected to VILI.
Wildtype mice were treated with simvastatin (20 mg/kg, IP injection) or vehicle 16h prior to being subjected
to VILI challenge (V= 40ml/kg, 4h). Spontaneously breathing mice were used as controls. BAL fluid

was then collected and analyzed for (A) protein content and (B) total cell counts (*p < 0.05, n= 3 animals/
condition).

The functional role of ITGB4 tyrosine phosphorylation has previously been studied in a variety of
other contexts. For example, the binding of the adaptor protein, Shc, to ITGB4 is dependent on phos-
phorylation of Y% and Y'>? and is associated with both downstream MAPK signaling and inhibition
of hemidesmosome formation in epithelial cells’®. More relevant to the current study, we previously
reported that inhibition of ITGB4 tyrosine phosphorylation is associated with an attenuation of EC
barrier augmentation by hepatocyte growth factor”, an agonist that is also protective in murine ALI?.
We have also previously identified ITGB4 as a robust mediator of murine ALI/VILI protection by statins
associated with potent anti-inflammatory effects. Specifically, simvastatin induces increased expression
of ITGB4 in lung EC while the protective effects of simvastatin in murine ALI can be mitigated by
pretreatment with an ITGB4 blocking antibody’. The dramatic upregulation of ITGB4 by simvastatin is
associated with decreased agonist-induced tyrosine phosphorylation of ITGB4 which in turn attenuates
MAPK signaling and downstream expression of inflammatory mediators, including IL-6 and IL-8". Thus,
our previous findings suggest that increased expression of ITGB4 harboring unphosphorylated tyrosines
within its cytoplasmic tail effectively serves as a “brake” on lung EC inflammatory responses. Our current
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Figure 5. Decreased lung vascular permeability and inflammation in ITGB4 mutant mice subjected to
VILI. Wildtype mice and mice expressing a mutant ITGB4 lacking a cytoplasmic signaling domain were
pretreated with simvastatin (20 mg/kg, IP injection, 24h) or vehicle prior to VILI challenge (V= 40ml/kg,
4h). Spontaneously breathing mice were used as controls. BAL fluid was then collected and analyzed for (A)
protein content and (B) total cell counts (*p < 0.05, n=5 animals/condition). (C) In separate experiments,
lungs were collected from spontaneously breathing and VILI-challenged wildtype and ITGB4 mutant
animals and used for histology. Representative images are shown (10x magnification, insets 40x ).

data extend our prior observations and confirm a critical role for ITGB4 in EC barrier regulation with
complex effects dependent on the specific context and support the idea that increased tyrosine phospho-
rylation is requisite for the pro-inflammatory effects of ITGB4.

While we did not investigate the events responsible for the attenuation of ITGB4 tyrosine phospho-
rylation by simvastatin one potential mechanism is the inhibition of specific Src family kinases (SFKs),
including Fyn and/or Yes, that are known to mediate these events’. The downstream consequences
of these effects may include the attenuation of Shc and Shp-2 recruitment resulting in decreased Ras
and Erk signaling'®?. Consistent with this, we previously reported decreased agonist-induced Shp-2
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Figure 6. Decreased lung inflammatory cytokines in ITGB4 mutant mice subjected to VILI. Wildtype
mice and mice expressing a mutant ITGB4 lacking a cytoplasmic signaling domain were pretreated with
simvastatin (20 mg/kg, IP injection, 24h) or vehicle prior to VILI challenge (V=40ml/kg, 4h). BAL fluid
was then collected and inflammatory cytokine levels measured including (A) IL-6 and (B) KC. (*p < 0.05,
n=>5 animals/condition).

phosphorylation and Erk activation in EC expressing decreased ITGB4 (via silencing RNA)®. In addition,
although our studies focused on the role of ITGB4 tyrosine phosphorylation, three of the constructs
studied (constructs A, B, and D; Fig. 3A) were also characterized by the deletion of serines (51356, S1360,
and S1364) that are known to drive ITGB4 signaling upon phosphorylation via epidermal growth factor
(EGF) and/or protein kinase C-aw (PKCax)?.

Several other questions remain to be explored regarding EC inflammatory signaling by ITGB4.
Among these are the mechanisms by which overexpression of ITGB4 lacking a proximal cytoplasmic
domain, but with otherwise preserved tyrosine phosphorylation sites (construct C, Fig. 3A), is associ-
ated with reduced inflammatory responses as we observed in mechanically-stressed EC. Notably, as has
been previously reported, this construct is associated with differential effects on ITGB4 phosphoryla-
tion compared to wildtype ITGB4 which may account for this observation'®. Additionally, our results
indicate anti-inflammatory effects associated with the overexpression of ITGB4 lacking a cytoplasmic
tail altogether (construct A) that were less robust than that observed with each of the constructs with
only partial deletions of the cytoplasmic tail (B-D). While further study is needed to fully understand
the mechanisms underlying this observation, it is possible that the ITGB4 cytoplasmic tail harbors both
pro- and anti-inflammatory regions and the constructs with only partial deletions may actually have a
net anti-inflammatory effect that is more prominent than that associated with complete deletion of the
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cytoplasmic tail. Separately, we did not investigate a potential role for integrin a6 (ITGA6), the only o
integrin subunit with which ITGB4 associates. We speculate that ITGA6 may preferentially heterodimer-
ize with overexpressed mutated ITGB4 in our experiments with subsequent consequences on EC inflam-
matory responses, an idea supported by evidence of a functional role for signaling by ITGA6 in other
experimental models?*. We recognize that ITGB4-mediated signaling is complex and the identification
of relevant molecular targets remains to be fully investigated.

One potential target of interest is syndecan-1, a cell-surface proteoglycan that binds extraceullar
matrix components but also binds the ITGB4 cytoplasmic domain?’, is expressed by EC, and has been
implicated as a mediator of ALI*®. Moreover, we have observed markedly decreased syndecan-1 expres-
sion in simvastatin-treated EC (unpublished data) which we speculate may account for the attenuation
of ITGB4 tyrosine phosphorylation despite significant increases in ITGB4 protein levels induced by sim-
vastatin”?. Further studies aimed at characterizing the role of syndecan-1 in EC inflammatory responses
mediated by ITGB4 may further inform our current findings and, in turn, lead to additional insights into
the elaboration and propagation of ALI clinically.

Finally, it should be noted that although our interest in ITGB4 is derived from our prior research
focused on the potential role of statins in ALI, two randomized, controlled clinical trials of ALI patients
were recently published which in fact reported no benefit with the administration of statins***!. However,
there were potential limitations to both studies, not the least of which was the administration of statins
to patients relatively late in their clinical course. It may also be the case that while statins may have
effects beneficial in ALI patients, effective therapeutic strategies may ultimately require more targeted
approaches aimed at augmenting the specific statin effects most responsible for their benefits. If this
is the case, our data support signaling mediated by ITGB4 as just such a target and warrants further
investigation.

Materials and Methods

Cell culture. HPAEC cell lines were purchased from Lonza (Walkersville, MD) and were cultured in
EGM-2 supplemented with 2% FBS, hydrocortisone, hFGF, VEGE, ascorbic acid, hEGE, GA-1000, hep-
arin, and R3-IGF-1. Cells were incubated in 75 cm? flasks and cultured at 37°C in 5% CO, and 95% air.
All cells were used at passages 4-8.

Materials and reagents. ITGB4 antibody (SC-9090) specific for the extracellular domain of ITGB4
was purchased from Santa Cruz Biotechnology (Santa Cruz, CA). A separate antibody specificially rec-
ognizing the ITGB4 cytosolic domain (LS-C14098) was purchased from Lifespan BioSciences (Seattle,
WA). Human and mouse cytokines measurements were performed using commercially available kits as
per the manufacturer’s instructions (Bio-Rad, Hercules, CA). All other antibodies and reagents were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA). ITGB4 mutated and deletion constructs were
a generous gift from Dr. Filipo Giancotti (Memorial Sloan Kettering Cancer Center, New York, NY)¥.
Transgenically engineered mice expressing ITGB4 lacking the C-terminal signaling signaling segment of
the ITGB4 tail were also provided by Dr. Giancotti’s lab. These animals express an ITGB4 that terminates
at amino acid 1355, upstream of the four tyrosine phosphorylation sites*.

Immunoprecipitation and Western blotting. For immunoprecipitation, cell lysates prepared from
EC were incubated in immunoprecipitation buffer (50mM HEPES (pH 7.5), 150 mM NaCl, 20 mM
MgCl,, 1% Nonidet P-40, 0.4 mM Na;VO,, 40mM NaF, 50 .M okadaic acid, 0.2 mM phenylmethylsulfo-
nyl fluoride, and Calbiochem protease inhibitor mixture III at 1:250 dilution). The immunoprecipitation
was carried with an anti-ITGB4 antibody.

For Western blotting, samples were prepared in RIPA buffer containing proteinase and phosphatase
inhibitors as per standard protocols. After sonication and centrifugation, the supernatant was collected,
Laemmli sample buffer added, and sampels were then boiled and analyzed by SDS-PAGE. After trans-
fer to a nitrocellulose membrane (Bio-Rad, Inc., Hercules, CA), Western blotting was performed using
appropriate primary antibodies and horseradish peroxidase-conjugated secondary antibodies prior to
visualization via chemiluminescence (Amersham Biosciences, Piscataway, NJ). Blot density was deter-
mined by Alpha Imager software (Alpha Innotech, San Leandro, CA).

Transfection of EC prior to mechanical stretch. Cells were plated (60-80% confluent) and trans-
fected with a vector plasmid (PRKS5) or specific ITGB4 plasmids using jetPRIME® transfection reagent
(Polyplus Transfection, New York, NY). After incubating for 24 h, transfection efficiency of plasmids was
verified by Western blotting. Of note, EC express relatively low levels of endogenous ITGB4 which was
present in all cells in addition to the specific ITGB4 constructs transfected.

Mechanical stretch of EC. EC were plated onto six-well silicone elastomer Bioflex plates coated
with type I collagen (FlexCell International, Hillsborough, NC) and grown to 75-80% prior to trans-
fection as described. Mechanical stretch was performed via the Flexcell Strain Unit (FX-3000; FlexCell
International) placed in a 5% CO, incubator at 37 °C and 95% humidity. The device uses a controlled vac-
uum to induce CS with 18% elongation at a frequency of 30 cycles per minute (0.5Hz) for 6h. The media
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was then collected and briefly centrifuged to measure cytokine levels with Bio-Rad Bio-Plex ELISA kits
(Hercules, CA) according to the manufacturer’s instructions.

Murine VILI model. 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 their
guidelines and regulations. The ITGB4 mutant mice and wildtype C57/Bl6 mice, 8-12 weeks-old, were
administered high tidal volume mechanical ventilation (V= 40ml/kg, 65breaths/min) for 4h to induce
VILI as we have previously described®. Mice were then sacrificed and bronchoalveolar lavage (BAL)
was performed®. BAL fluid was assessed for total cell counts, protein content, and cytokine levels. Select
mouse lungs were harvested for histological analysis.

Statistical analysis. Student’s t-test was used to compare the means of data from two experimen-
tal groups while significant differences (p < 0.05) amongst multiple groups were confirmed by one-way
ANOVA and Tukey’s post hoc multiple comparisons testing. Results are expressed as means + SE.
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