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1 | INTRODUCTION

Abstract

Phosgene gas leakage can cause life-threatening acute lung injury (ALI), which is char-
acterized by inflammation, increased vascular permeability, pulmonary oedema and
oxidative stress. Although the downregulation of neuronal precursor cell-expressed
developmentally downregulated 4 (NEDD4) is known to be associated with inflam-
mation and oxidative damage, its functions in phosgene-induced ALl remain un-
clear. In this study, rats with phosgene-induced ALl were intravenously injected
with NEDD4-overexpressing lentiviruses to determine the functions of NEDD4 in
this inflammatory condition. NEDD4 expression was decreased in the lung paren-
chyma of phosgene-exposed control rats, whereas its expression level was high in
the NEDD4-overexpressing rats. Phosgene exposure increased the wet-to-dry lung
weight ratio, but NEDD4 abrogated this effect. NEDD4 overexpression attenuated
phosgene-induced lung inflammation, lowering the high lung injury score (based on
total protein, inflammatory cells and inflammatory factors in bronchoalveolar lavage
fluid) and also reduced phosgene-induced oxidative stress and cell apoptosis. Finally,
NEDD4 was found to interact with Notch1, enhancing its ubiquitination and thereby
its degradation, thus attenuating the inflammatory responses to ALIl. Therefore, we
demonstrated that NEDD4 plays a protective role in alleviating phosgene-induced
ALl suggesting that enhancing the effect of NEDD4 may be a new approach for treat-
ing phosgene-induced ALI.
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and other building materials.! The intentional release or accidental

Phosgene (carbonyl chloride, COCI,) is a noxious and asphyxiating
gas that induces acute lung injury (ALI) or acute respiratory distress
syndrome.! Previously used as a chemical counterinsurgency agent
during World War |, it is nowadays applied as an essential and indis-

pensable large-stock bulk intermediate for the synthesis of plastics

discharge of this gas in a public area would lead to multiple fatal-
ities. Phosgene-induced ALl is characterized by acute noncardio-
genic pulmonary oedema associated with an influx of neutrophils
into the lungs.? Specifically, the gas causes damage to lung epithe-
lial cells and elicits an inflammatory response.® Despite the high

probability of death that can ensue from accidental exposure to
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phosgene, there are currently no specific options available for its
treatment.

Neuronal precursor cell-expressed developmentally downreg-
ulated 4 (NEDD4) belongs to a family of HECT-type E3 ubiquitin
ligases whose members are homologous to the C terminus of E6-
associated protein (E6-AP), an E3 ligase that helps to degrade some
proteins through ubiquitination and endocytosis.* In humans, this
family contains nine ligases with the following protein symbol desig-
nations: NEDD4, NEDDA4L (also known as NEDD4-2), ITCH, SMURF1,
SMURF2, WWP1, WWP2, NEDL1 and NEDL2.# Specifically, NEDD4
consists of a C2 domain that binds phospholipids, 2-4 WW domains
that identify substrates, and a catalytic domain that is homologous
to the C-terminal region of E6-AP.*> NEDD4 is highly evolution-
arily conserved across multiple species and extensively expressed
in mammalian tissues and has been shown to have several major
cellular functions.” Zhao et al. proposed that NEDDA4L, a prominent
member of this ligase family, exerts anti-inflammatory effects by reg-
ulating lysophosphatidic acid receptor 1 (LPA1) signalling.é'7 Indeed,
the conditional knockout of NEDDA4L in lung epithelial cells resulted
in the development of extensive pulmonary inflammation in mature
rats.® Additionally, it was suggested that lipopolysaccharide possibly
represses pyruvate kinase 2 (PKM2) ubiquitination by downregu-
lating ubiquitin ligases, including NEDD4 and NEDDA4L.? Moreover,
reactive oxygen species were shown to induce the upregulation of
NEDD4 expression in primary rat cortical neurons after zinc treat-
ment, whereas neuron pretreatment with antioxidants repressed this
zinc-induced effect.® Therefore, we hypothesized that NEDD4 is in-
volved in inflammatory responses in the lung.

In this study, a rat model of phosgene-induced ALI*® was
used to determine the role that NEDD4 plays in response to this
potentially life-threatening condition. Through the injection of
NEDD4-overexpressing lentiviruses into rats, we observed that
the overexpression of this E3 ubiquitin ligase attenuated phosgene-
induced pulmonary injury. Furthermore, NEDD4 overexpression
reduced phosgene-induced oxidative stress and apoptosis in alve-
olar type Il epithelial cells (AEC2s). Finally, we demonstrated that
the protective effect of NEDD4 in alleviating ALl is likely mediated
through its suppression of the Notch1 signalling pathway.

2 | MATERIALS AND METHODS

2.1 | Rat model of phosgene-induced ALI

All the procedures involving experimental animals were approved
by the Institutional Animal Care and Use Committee of Fudan
University, China. Sprague-Dawley rats (6 weeks old, weighing
180-220 g) were housed in cages under a 12/12 h light/dark cycle
in a room with 55%-60% humidity and a temperature of 24-26°C.
The rat model of phosgene-induced ALl was set up using a previ-
ously described method.!® The rats were randomly divided into
four groups as follows: control (air+phosphate-buffered saline
(PBS), n = 6), phosgene-exposed (phosgene +PBS, n = 6), phosgene/

Vector (phosgene+empty vector, n = 6) and phosgene/NEDD4
(phosgene+NEDD4 overexpression vector, n = 6). The control rats
were exposed to regular ambient air, whereas the other three groups
were exposed to air containing phosgene (8.33 mg/L) for 5 min. The
rats in phosgene/Vector and phosgene/NEDD4 groups were admin-
istered with recombinant lentivirus (1 x 10° TU/ml, 100 pl per 100 g

body weight) via tail vein injection at 1 h after phosgene exposure.

2.2 | Wet-to-dry lung weight ratio

At 73 h after phosgene exposure and lentivirus vector injection, the
animals were euthanized, and their lungs were extracted, sucked dry
and weighed as the wet weight. Then, the organ was baked in an
oven at 65°C for 48 h until a constant weight was obtained as the dry
weight. The wet/dry lung weight ratio was calculated by dividing the
wet weight by the dry weight.

2.3 | Lentivirus construction for rat transgenesis

The NEDD4 sequence was amplified from RNA and cloned into the
pCDH-CMV-MCS-EF1-copGFP lentiviral vector to generate the
pCDH-NEDD4 transfer vector. HEK293T cells were then trans-
fected with pCDH-NEDD4 and the packaging plasmids psPAX2 and
pMD, with the help of the Lipofectamine 2000 reagent (Invitrogen),

and the packaged lentiviral particles were harvested 48 h later.

2.4 | Plasmid construction and cell transfection

The polymerase chain reaction (PCR) was performed for ampli-
fication of the full-length NEDD4 cDNA. Then, the NEDD4 cDNA
was cloned into the pcDNA3.1 vector, which was subsequently
transfected into alveolar type Il epithelial cells (AEC2s) using
Lipofectamine 2000 (Invitrogen) according to the manufacturer's

instructions. The empty vector was used to set up a control.

2.5 | Quantitative reverse-transcription
polymerase chain reaction

Total RNA was extracted from the cells using the TRIzol rea-
gent (Invitrogen) and then reverse transcribed to cDNA with the
Transcriptor First-Strand cDNA Synthesis Kit (Roche Diagnostics
Corporation). The cDNA was then amplified using the SYBR® Premix
Ex Tag™ Il Kit (Takara), with the PCR conducted on a CFX96 Real-Time
PCR Detection System (Bio-Rad). The following primers were used
in this study: NEDD4 forward, 5-GGACGAGGTATGGGAGTTCT-3’;
NEDD4 reverse, 5-CTCCACTCATCGGGTCATAC-3'; GAPDH for-
ward, 5'-CAAGAAGGTGGTGAAGCAGG-3'; and GAPDH reverse,
5'- CCACCCTGTTGCTGTAGCC-3'. The relative expression level
of NEDD4 was normalized to that of glyceraldehyde 3-phosphate
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dehydrogenase (GAPDH, the internal control), with the fold differ-
ence estimated using the 2722 method.

2.6 | Western blot assay

Cells or tissue extracts were prepared using RIPA lysis buffer contain-
ing a protease inhibitor cocktail solution. The cell lysates were then
subjected to sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis, following which the separated proteins were transferred
to polyvinylidene fluoride membranes (Millipore). After blocking,
the membranes were incubated overnight with primary antibodies
raised against the following target proteins: NEDD4 (Proteintech),
neurogenic locus notch homolog protein 1 (Notchi; Cell Signaling
Technology), apoptosis regulator Bax (Bax; Proteintech), Bcl-2-
associated agonist of cell death (Bcl-2; Proteintech), cleaved caspase-3
(Cell Signaling Technology) and p-actin (Proteintech). The membranes
were then washed three times with Tris-buffered saline containing
0.1% Tween 20 (TBST) and subsequently incubated with horserad-
ish peroxidase-conjugated secondary antibodies for 1 h. Finally, after
three washes with TBST, the protein bands were detected using an

enhanced chemiluminescence kit (Santa Cruz Biotechnology).

2.7 | Lung histopathological examination

The lungs were excised from the rats in all four groups, fixed with
10% formalin, and embedded in paraffin. Then, tissue sections of
5 pm thickness were obtained and stained with haematoxylin and
eosin (H&E). The severity of lung injury based on the extents of al-
veolar haemorrhage, oedema and inflammatory cell infiltration in
bronchoalveolar lavage fluid (BALF) was expressed as a Smith score
as follows: O, no injury; 1, 1%-25% injury; 2, 25%-50% injury; 3,
50%-75% injury; and 4, 75%-100% injury.

2.8 | Immunohistochemistry

Lung tissue samples were fixed with 4% paraformaldehyde and
embedded in paraffin, following which 4-pm-thick sections were
obtained. After their deparaffinization and rehydration, the tis-
sue sections were stained with a primary antibody against NEDD4
(Proteintech).

2.9 | AQuantification of inflammatory factors

The rats were euthanized, and a midline thoracotomy was per-
formed to open the rib cage. BALF was collected by flushing the
lungs three times with ice-cold PBS (1 ml each time) and then centri-
fuged at 600 g for 5 min. The BALF levels of inflammatory cytokines
(tumor necrosis factor-alpha [TNF-a assay, Proteintech], interleukin-
6 [IL-6 assay, Abcam], IL-1p [assay from Abcam] and IL-10 [assay from

Proteintech]) were measured using enzyme-linked immunosorbent

assay (ELISA) kits according to the manufacturers' instructions.

2.10 | Immunofluorescence staining
Immunofluorescence staining was performed on 4-um-thick slices
of paraffin-embedded lung parenchymal tissue. In brief, after block-
ing the tissue sections, they were immediately incubated overnight
with primary antibodies against pulmonary surfactant-associated
protein C (SFTPC; Thermo Fisher Scientific). Then, the tissue sec-
tions were incubated with a fluorescein-labelled goat anti-rabbit
IgG antibody (Abcam), and nuclear staining was performed using
4' 6-diamidino-2-phenylindole (DAPI).

2.11 | TUNEL assay

Parenchymal tissue sections on slides were first treated with DNase-
free proteinase K. Then, after rinsing, the TUNEL assay solution was
added for 1 h of incubation. Following nuclear staining with DAPI,

images were captured under a fluorescence microscope.

2.12 | Oxidative stress assay

Levels of malondialdehyde (MDA, a redox product) and superoxide
dismutase (SOD, an antioxidative enzyme) within the lung paren-
chyma were measured using their respective assay kits (Abcam).

2.13 | Cell culture

The RLE-6TN cell line of AEC2s was obtained from the American Type
Culture Collection. The cells were cultured in Ham's F12 medium (sup-
plemented with 10% fetal bovine serum) at 37°C under 5% CO,.

2.14 | Co-immunoprecipitation and
ubiquitination assays

For the co-immunoprecipitation assay, ice-cold PBS was first used
to wash the cells, following which they were transfected with the
NEDD4-carrying vector. After transfection, the cells were lysed in
lysis buffer supplemented with phosphatase and protease inhibitors.
Next, the cell lysates were incubated first with the primary antibod-
ies and then with immunoprecipitation IgG beads. The immunopre-
cipitates were washed with lysis buffer and boiled for 5 min in protein
loading buffer. Finally, the co-immunoprecipitated proteins were
identified by Western blot assay using anti-NEDD4 (Proteintech)
and anti-Notch1 (Proteintech) primary antibodies. For the ubiquit-
ination assay, HA-ubiquitin and S-Tag-Notchl were added to cells
that had been transfected with either the NEDD4-carrying vector or
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the empty vector. The cells were then treated with 10 pM MG-132
for 48 h before harvesting. The harvested cells were then subjected
to immunoprecipitation with S-Tag-beads and immunoblotting as
described above, with anti-ubiquitin (Santa Cruz Biotechnology)
and anti-B-actin (Proteintech) used as the primary antibodies for the
Western blot assay.

2.15 | Statistical analysis

All data are presented as the mean + standard deviation and were
analysed using GraphPad Prism 5 (GraphPad Software). Differences
between groups were analysed using either Student's t-test or one-
way analysis of variance, with statistical significance set at a p value
of less than 0.05.

3 | RESULTS
3.1 | NEDD4 expression is downregulated in the
lung tissue of phosgene-exposed rats

In a previous study, we had ascertained that phosgene exposure
causes pulmonary injury in rats.!% In this study, three groups of

rats were continuously exposed to phosgene for 5 min. For the

phosgene/NEDD4 group, the animals were intravenously injected
with NEDD4-overexpressing lentiviruses at 1 h after phosgene
exposure. The rats were euthanized after 73 h, and lung samples
were collected for ALI evaluation, biochemical assays and histo-
pathological examination. An outline of the experimental protocol
is shown in Figure 1A. The mRNA and protein expression levels of
NEDD4 were determined using quantitative PCR and Western blot
assays, respectively. Compared with the NEDD4 expression levels
in the lung parenchyma of rats in the control group, the levels in the
phosgene-exposed group were found to be downregulated, whereas
they were upregulated in the phosgene/NEDD4 group (Figure 1B-
D). These findings were corroborated by the immunohistochemical
results (Figure 1E). Taken together, the results indicate that NEDD4

is downregulated in the lung tissues of phosgene-induced rats.

3.2 | NEDD4 overexpression attenuates phosgene-
induced inflammatory changes in lungs

To validate the protective effect of NEDD4 against phosgene-
induced ALI, a previously developed10 rat model of phosgene-
induced ALI NEDD4

overexpression. H&E staining of the lung parenchyma from the

was subjected to lentivirus-driven
phosgene-exposed rats revealed impairment of the alveolar integ-

rity, with the noticeable extents of haemorrhage, inflammatory
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cell infiltration and oedema were observed. By contrast, in the
phosgene/NEDD4 group, these histopathological changes were
attenuated, and the Smith scores were significantly reduced
(Figure 2A,B). We determined the degree of phosgene-induced
oedema by measuring the wet/dry weight ratio of the lungs. The
degree of oedema was higher in the phosgene-exposed rats than
in the control rats, but this effect was attenuated in the NEDD4-
overexpressing animals (Figure 2C). To determine whether the
phosgene exposure elicited an inflammatory response in rats, the
total number of inflammatory cells and total amount of protein in
BALF were determined. Both parameters were significantly higher
in the phosgene-exposed rats than in the control rats, but these
changes were strongly attenuated in the NEDD4-overexpressing
rats (Figure 2D,E).

Additionally, we determined the levels of proinflammatory fac-
tors in the BALF and lung tissues. The ELISA results indicated that
the phosgene exposure had upregulated the levels of TNF-a, IL-1p
and IL-6, whereas the NEDD4 overexpression weakened these al-
terations (Figure 3A-F). Taken together, these data suggest that

Phosgene

57(B) 6 (C)
. *
24 ° L
o ®
® S 44
>3 £
3, # R
£ 2 S
2 o 2-
3 4 2
0- v 0- T
& LS QI
§ S & &L c>€\6 QQ’Q &
O S 0@ \é s ) $ %Q/
T & @ PN
O & § &
‘\0 09 (\o‘f’ 00“9
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overexpression of NEDD4 can alleviate the inflammatory response

to phosgene exposure.

3.3 | NEDD4 overexpression attenuates oxidative
stress and promotes AEC2 survival in the lungs of
phosgene-injured rats

We further examined the impact of NEDD4 overexpression on the
phosgene-induced oxidative stress and survival of AEC2s. After ex-
posure to phosgene, the activity of the antioxidative enzyme SOD
was significantly decreased, and the level of MDA was increased in
the lungs, but NEDD4 overexpression significantly mitigated these
changes (Figure 4A,B). TUNEL results showed that the percentage
of apoptotic lung cells was higher in the phosgene-exposed rats than
in the control rats, whereas it was intermediate between these two
groups in the phosgene/NEDD4 group (Figure 4C,D). Additionally,
in the lung parenchyma, we observed a lower level of Bcl-2 expres-

sion and higher levels of Bax and cleaved caspase-3 expression in

Phosgene/Vector Phosgene/NEDD4
; Yy Y e, -«;,sa;;s'i PR

5,

FIGURE 2 Upregulation of NEDD4 expression reduced phosgene-induced lung inflammation. (A) H&E staining of lung tissues from
rats of all groups was performed at 73 h after phosgene exposure (n = 6 per group). Upper panel, Scale bar = 200 pm; Lower panel, Scale
bar = 50 um. (B) Pathological scores of lung injury in the various groups (n = 6 per group). (C) Calculated wet/dry (W/D) lung weight
ratios (n = 6 per group). (D) Total number of cells in BALF, quantified manually using a haemocytometer (n = 6 per group). (E) Total protein
concentration in BALF, measured using a rat protein-specific ELISA (n = 6 per group). #p < 0.05 vs. the phosgene/Vector group
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FIGURE 3 Upregulation of NEDD4
expression reduced phosgene-induced
inflammatory cytokine production. (A-C)
BALF levels of secreted TNF-a, IL-1p, and
IL-6 (n = 6 per group). (D-F) Lung tissue
levels of secreted TNF-a, IL-1B, and IL-6
(n = 6 per group). *p < 0.05 vs. the control
group; *p < 0.05 vs. the phosgene/Vector
group

FIGURE 4 NEDD4 attenuated
oxidative stress and cell apoptosis in the
lung tissue of phosgene-injured rats. (A)
SOD activity and (B) MDA concentration
in the lung tissue, as determined by
chemiluminescence analysis (n = 6 per
group). (C, D) Apoptosis of AEC2s in the
different groups, as detected using the
TUNEL assay. Quantitative analysis of
TUNEL-positive cells (n = 6 per group).
Upper panel, Scale bar = 100 um; Lower
panel, Scale bar = 50 pum. (E) Protein levels
of Bcl-2, Bax, and cleaved caspase-3 in the
rat lungs, as determined by western blot
assay (n = 6 per group). *p < 0.05 vs. the
control group; #p < 0.05 vs. the phosgene/
Vector group
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immunofluorescence staining (n = 6 per group). Quantitative analysis of the proportion of SFTPC* AEC2 cells in the lung tissue. Upper panel,

Scale bar = 100 pm; Lower panel, Scale bar = 50 pm

the phosgene-exposed rats than in the control rats. By contrast,
these alterations proved to be attenuated in the phosgene/NEDD4
group (Figure 4E). Moreover, there was a decrease in the number of
SFTPC* AEC2s in the lungs of the phosgene-exposed rats, whereas
the number was increased in the NEDD4-overexpressing animals
(Figure 5). Taken together, these data reveal that NEDD4 can at-
tenuate oxidative stress in the lungs and increase the AEC2 count in

phosgene-injured rats.

3.4 | NEDD4 interacts with Notchl and enhances
its ubiquitination and degradation

The Notch1 signalling pathway has been implicated in lung inflamma-
tory responses.“’12 To elucidate the mechanism by which NEDD4 at-
tenuates phosgene-induced inflammatory changes, we examined its
effects on Notchl expression in phosgene-exposed rats. According
to the Western blot results, the protein levels of both full-length
Notch1 (Notchl FL) and its cleaved activated intracellular domain
(Notch1 ICD) were higher in the lung tissue of phosgene-exposed
rats than in that of the control rats, whereas they were intermediate
between these two groups in rats from the phosgene/NEDD4 group
(Figure 6A). Additionally, transfection of the pcDNA3.1-NEDD4
vector into RLE-6TN cells sharply reduced the expression levels

of Notchl FL and Notchl ICD (Figure 6B). To further determine
whether NEDD4 mediates the reduction in Notch1 levels by affect-
ing its ubiquitination and subsequent degradation, we first tested
whether it interacts with Notchl. The co-immunoprecipitation re-
sults confirmed that NEDD4 could bind to Notchl in RLE-6TN cells
(Figure 6C). Next, we conducted a ubiquitination assay by adding
haemagglutinin-tagged ubiquitin to AEC2s that had been trans-
fected with either pcDNA3.1-NEDD4 or the empty vector. Our find-
ings indicated that the ectopic expression of NEDD4 significantly
increased the amount of ubiquitinated Notch1 (Figure 6D), proving
that NEDD4 interacts with Notch1 and promotes its ubiquitination
and degradation.

4 | DISCUSSION

Short-term exposure to phosgene induces ALI, whereas lengthy
exposure leads to severe acute respiratory distress syndrome and
even death. Although various supportive therapies are available,
treatments targeting the retrogressive physiological injury caused
by phosgene have not been validated.®® In this study, we found that
NEDD4 not only alleviated phosgene-induced ALI but also reduced
phosgene-induced oxidative stress and AEC2 death. Furthermore,
we demonstrated that the protective effect of NEDD4 in alleviating
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FIGURE 6 NEDD4 promoted the ubiquitination of Notch1. (A) Protein levels of Notch1 FL and Notch1 ICD in lung tissues from different
groups of rats, as measured by western blot assay (n = 6 per group). (B) Protein levels of Notch1 FL and Notch1 ICD in AEC2s transfected
with the NEDD4-carrying vector or the empty vector (n = 3 per group). (C) Endogenous Notch1 and NEDD4 form a protein complex in
AEC2s, as evidenced by co-immunoprecipitation assay. (D) Haemagglutinin-tagged ubiquitin was added to AEC2s transfected with either

the NEDD4-carrying vector or the empty vector. Cells were treated with 10 puM MG-132 for 8 h before harvesting. The cell lysates were
subjected to immunoprecipitation and immunoblotting assays as indicated (n = 3 per group). *p < 0.05 vs. the control group; #n < 0.05 vs. the
phosgene/Vector group. Notch1l FL, full-length Notch1; Notch1 ICD, cleaved activated intracellular domain of Notchl

ALl is likely mediated through its suppression of the Notch1 signal- are improved by NEDD4 overexpression. Lung injury also induces
ling pathway. oxidative stress and the secretion of inflammatory cytokines in the
NEDD4 is a member of the family of E3 ubiquitin ligases organ tissue,'”2° as confirmed in this study. Our data clearly showed
(SMURF1, SMURF2, WWPI, WWP2, NEDD4, NEDDL, ITCH, NEDL1 that NEDD4 overexpression attenuated oxidative stress and the in-
and NEDL2) that are evolutionarily conserved among eukaryotes.>* flammatory response in the lungs.
Emerging evidence suggests that NEDD4 performs oncogenic AEC2s, which are alveolar progenitor cells in the mature lung,
functions in tumorigenesis.15 NEDD4 ™~ embryos have much less participate in the lung recovery process.21 It is generally accepted
motor neurons and axons, lower skeletal muscle size and abnor- that among the two types of alveolar epithelial cells, the AEC2s are
mal (weakened) neuromuscular junction functions and assembly.® the most affected by exposure to adverse stimuli, which can cause
The embryonic fibroblasts in NEDD4~~ mice show reduced mito- mutations in or destroy these cells, thereby initiating pulmonary
genic activity.!® Moreover, NEDD4 has been reported to participate injury.?? Although these observations suggest that AEC2s are es-
in both virus budding and IGF-1 signalling during T-cell function.® sential in the pathogenesis of pulmonary injury, the mechanisms
Several NEDD4 family members are associated with lung inflam- through which the renewal of these cells is regulated for pulmonary
mation. For example, melatonin attenuates sepsis-induced lung tissue repair remain unclear. We observed a decrease in the number
injury by activating the serum and glucocorticoid regulated kinase of AEC2s inside the lungs of phosgene-exposed rats compared with
1 (SGK1)-NEDDA4L pathway.'” Insulin mitigates pneumonia by in- that in the control group, whereas the number of SFTPC* AEC2s was
hibiting NEDDA4L, thereby boosting the expression of the epithelial increased in the phosgene/NEDD4 group.
sodium channel via the phosphatidylinositol 3-kinase-protein kinase Notchi, an important regulator of cell differentiation and pro-
B (PI3K-Akt) pathway.18 Thus, we hypothesized that NEDD4 is also liferation, is also associated with the cellular processes involved in
involved in the physiological response to lung injury. Our study con- myofibroblast differentiation and its inhibition would, therefore, al-

firmed that phosgene causes ALl and that all indexes of lung injury leviates skin, kidney and lung fibrosis.?® In multiple myeloma cells,
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NEDD4 binds specifically to the Notchl protein and increases its
ubiquitination and degradation.?* Specifically, NEDD4 downregu-
lates Notch1 by steering it toward Iysosomes.25 Of note, Notch1,
Notch2 and Notch3 are strongly overexpressed in the lung tissues
of rats with ovalbumin-induced asthma, and Notch1 inhibition by
emodin treatment confers more remarkable transformations within
the lung tissue than does Notch2 and Notch3 inhibition.?® Our
study confirmed that Notchl expression was upregulated in the
phosgene-exposed group compared with its expression in the con-
trol group, but this effect was weakened in the phosgene/NEDD4
group, indicating that the Notchl level in phosgene-exposed rats
is downregulated by NEDD4 overexpression. Moreover, the co-
immunoprecipitation and ubiquitination assays verified that NEDD4
interacts directly with Notch1 and promotes its ubiquitination and
thereby its degradation.

Insummary, we found that NEDD4 attenuates phosgene-induced
pulmonary injury, oxidative stress and AEC2 death. Additionally, we
demonstrated that the protective effect of NEDD4 in alleviating
ALl is mediated by its interaction with Notch1 for the subsequent
ubiquitination and degradation of the protein. Taken together, our
findings suggest that the development of methods for increasing
NEDD4 expression in cells may be helpful for the treatment of dis-
eases involving tissue atrophy.
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