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Abstract— Acute lung injury (ALI)/acute respiratory distress syndrome is characterized
by increased pulmonary inflammation, where T helper 17 (Th17) cells play an important
regulatory role. Notch signaling critically regulates Th17 differentiation and is known to be
linked with proximal T cell by protein kinase C theta (PKC8). We hypothesized that PKCO
inhibition could attenuate ALI by suppressing Th17 response via the Notch signaling
pathway. Male C57BL/6 mice were treated with phosphate-buffered saline (PBS), lipopoly-
saccharide (LPS), LPS and N-[N-(3,5-difluorophenacetyl)-1-alanyl]-S-phenylglycine #butyl
ester (DAPT, a Notch signaling inhibitor), or LPS and PKCO inhibitor (PI), and the bron-
choalveolar lavage fluid (BALF), blood, and lung tissues were harvested at 48 h after the LPS
challenge. CD4" T cells were treated with DAPT or PI and harvested after 72 h. PKCO
inhibition markedly attenuated pathological changes and decreased the wet to dry weight ratio
of the mouse lungs. The total cell and neutrophil counts, tumor necrosis factor-oc (TNF- «) in
BALF, myeloperoxidase activity in lung tissue, and the leukocyte count in whole blood were
markedly reduced by PKCB inhibition. The concentration of interleukin (IL)-17 and IL-22 in
BALF, and the percentage of CD4"IL-17A* T cells in the lungs were significantly
downregulated by PKCO inhibition. A similar trend was observed for the expression of
retinoic acid-related orphan receptor gamma t and IL-23 receptor after PKCO inhibition
accompanied with inactivation of the Notch signaling pathway in vivo and in vitro. Collec-
tively, these data demonstrated that PKCO inhibition protects against LPS-induced ALI by
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suppressing the differentiation and pathogenicity of Th17, at least partially, through a Notch-

dependent mechanism.

KEY WORDS: Acute lung injury; PKCO; Th17; Notch; IL-23R; RORyt.

INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a
common life-threatening condition with high morbidity
[1]. According to the Berlin Definition, acute lung injury
(ALI), which was first described in 1967, is now included
as mild ARDS [2]. T helper 17 (Th17) cells are one of the
subsets of CD4™ T cells and are characterized by the
production of interleukin (IL)-17 (IL-17A, IL-17F), IL-
22, and IL-26 [3]. Accumulating evidence has indicated
that excessive recruitment and activation of neutrophils in
the airways significantly contribute to the progression of
ARDS [4, 5]. IL-17 plays a pro-inflammatory role in the
airways by recruiting and activating neutrophils [5]. In the
human respiratory tract, IL-17 and IL-22 are involved in
the immunological responses to endotoxins and markedly
enhance paracellular permeability [6, 7]. The increase of
IL-17 production is consistent with the development of
ALI and directly disrupts human alveolar epithelial barrier
integrity [8, 9]. Moreover, the broad distribution of 1L-17
and IL-22 receptors induces massive tissue reaction.

The transcription factor, retinoic acid-related orphan
receptor-gamma t (RORyt), appears to be required for
Th17 cell differentiation. Notch receptors undergo several
steps before activation. Upon ligand binding, the extracellu-
lar domain of the Notch receptor is removed, which induces
a conformational change that allows cleavage of the Notch
protein by matrix metalloproteinase. Subsequently, the plas-
ma membrane-embedded y-secretase complex liberates an
active Notch intracellular domain (NICD). NICD translo-
cates to the nucleus and activates transcription thereby mod-
ulating the development of cells [10]. The Notch signaling
pathway plays a pivotal role in the differentiation of Th17
cells and Notch inhibition leads to downregulation of Th17
differentiation [11-13]. Furthermore, not all Th17 cells in-
duce tissue inflammation. Th17 cells require IL-23R in order
to become pathogenic. Notch signaling pathway may be one
of the key checkpoints that determine the balance between
the pathogenic and non-pathogenic states of Th17 cells by
regulating IL-23R [14].

Protein kinase C theta (PKCO) facilitates Notch acti-
vation, as it augments the generation of the lamellar actin
network that is required to recruit the matrix metalloprotei-
nase to the immunological synapse [15]. Moreover, PKCO is

not necessary for the protection against pathogens, which
contributes to the selective effect of immunoregulation by
targeting PKCBO [16]. Furthermore, PKCBO can translocate to
the immunological synapse of T cells [17]. Therefore, we
hypothesized that PKCO is an ideal target for attenuating
ARDS via the suppression of Th17 cells.

In this study, we elucidated the role of PKCO in a
lipopolysaccharide (LPS)-induced ALI model. We found
that PKCO inhibition can attenuate ARDS by suppressing
the differentiation and pathogenicity of Th17 cells via
Notch signaling.

MATERIALS AND METHODS

Animals

All animal experiments were performed in accor-
dance with the ethical guidelines of the National Institutes
of Health on Animal Care, and the study protocol was
approved by the Ethics Committee of the Second Affiliated
Hospital of Chongqing Medical University. Male C57BL/6
mice, 68 weeks old and SPF grade, were obtained from
the Department of Laboratory Animal Center of Chongg-
ing Medical University. The mice were housed in an air-
conditioned room with a 12-h dark/light cycle and granted
free access to water and food.

Acute Lung Injury Model

The mice were allowed a minimum facility-
acclimatization period of 7 days before being subjected to
experiments. Healthy male C57BL/6 mice were randomly
divided into four groups (n = 3): control group, LPS group,
LPS+ N-[N-(3,5-difluorophenacetyl)-l-alanyl]-S-phenyl-
glycine t-butyl ester (DAPT, a Notch signaling inhibitor)
group (LPS + DAPT group), and LPS + PKCB-inhibitor
(PI) group (PI group). The mice were anesthetized through
intraperitoneal administration of sodium pentobarbital
(50 mg/kg) following which, 3 mg/kg LPS (Solabio, Bei-
jing, China) in 50 pL of phosphate-buffered saline (PBS)
or sterile PBS alone (control group) was instilled intra-
tracheally. Thirty minutes before and 24 h after the LPS
challenge, DAPT (40 mg/kg/day, MCE, Bridgewater,
USA) was administered intraperitoneally (i.p.) to the LPS
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+ DAPT group mice, and PI (a cell-permeable selective
PKCO peptide inhibitor, 0.2 mg/kg; Merck Millipore,
Darmstadt, Germany) was administered i.p. to the LPS +
PI group. All mice were sacrificed following the collection
of whole blood, bronchoalveolar lavage fluid (BALF), and
lung tissues 48 h after the LPS challenge.

Cell Culture

Single cell suspensions of mouse spleens were
obtained by mechanical disruption of the tissues through
a 40-um cell strainer. Naive CD4" T cells were isolated
from the prepared suspensions using magnetic-activated
cell sorting separation according to the manufacturer’s
instructions (negative selection; Miltenyi Biotec, Bergisch
Gladbach, Germany). The purified cells were pretreated at
37 °C for 30 min with 10 umol/L DAPT (MCE, Bridge-
water, NJ, USA) or 20 umol/L PT (Merck, Darmstadt,
Germany). Naive CD4" T cells were cultured in 96-well
plates coated with anti-CD3 antibody (4 pg/mL, eBio-
science, San Diego, CA, USA). For Th17 differentiation,
cell culture medium containing anti-CD28 (2 pg/mL, eBio-
science, CA, USA), IL-6 (30 ng/mL; R&D Systems, Min-
neapolis, MN, USA), and transforming growth factor-[3
(3 ng/mL, R&D Systems, Minneapolis, MN, USA) were
used. After 72 h, the cells were harvested for quantitative
real-time polymerase chain reaction (q-PCR) and Western
blot analysis.

Lung Wet/Dry Weight Ratio

Pulmonary edema was evaluated by the wet to dry
weight ratio (W/D ratio) of the lungs. After being weighed,
the left lungs were dehydrated in an oven at 80 °C for 24 h.
Then, the dry weight was measured to calculate the W/D
ratio.

Hematoxylin and Eosin Staining and Lung Histology
Evaluation

The left lung tissue was fixed in 4% paraformalde-
hyde for 24 h. Fixed tissues were embedded in paraffin, cut
into 5-um sections, and stained with hematoxylin and
eosin (HE) [18, 19]. The lung injury score was calculated
by assessing the degree of inflammatory cell infiltration,
hemorrhage, interstitial and alveolar edema, and the thick-
ness of alveolar septum in five random fields in a blinded
manner, using light microscopy. A score of 0 represented
no damage; 1 represented mild damage; 2 represented
moderate damage; 3 represented severe damage; and 4
represented very severe histological damage [20].
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Enzyme-Linked Immunosorbent Assays of IL-17, IL-
22, and TNF-a Concentrations in Bronchial Alveolar
Lavage Fluid and Myeloperoxidase Activity in Lung
Tissue

After euthanasia by injection of a lethal dose of pen-
tobarbital, a tracheal catheter was instilled in the mice.
Sterile saline (f0.7 mL) was administered into the whole
lung and extracted via the catheter, three times. Then, the
BALF was centrifuged at 1200xg for 10 min at 4 °C to
remove cell debris. The pellets were resuspended in 50 pL
of PBS and stained with Wright-Giemsa (KeyGen Biotech
Co., Nanjing, China). Total cells and neutrophils were
counted with a hemocytometer in a double-blind manner.
The concentrations of IL-17, IL-22 (USCN KIT INC.,
Wauhan, China), TNF-« (R&D Systems), and myeloperox-
idase (MPO) activity of lung tissue (Colorful Gene,
Wuhan, China) were measured using the appropriate
enzyme-linked immunosorbent assay (ELISA) kit, accord-
ing to the manufacturers’ protocols.

Quantitative Real-Time Polymerase Chain Reaction

Total ribonucleic acid (RNA) was extracted from the
right lower lung tissues according to the manufacturer’s
protocol (Invitrogen, Carlsbad, CA, USA) and subjected to
reverse transcription using PrimeScript Reverse Transcrip-
tion system (Takara, Japan). qPCR analysis was performed
using SYBR Green (Takara, Kusatsu, Japan) [21, 22]. The
relative mRNA levels of each sample were determined
using NanoDrop2000 (Thermo Fisher Scientific). The pri-
mers used were as follows: 5'-CGGCATTCCAAGCTA-
GAGAAGGC-3' and 5-AAGATTCCTTGGTCGGCA
GTGC-3' for hairy and enhancer of split-1 (Hesl); 5'-
GTCCAGACAGCCACTGCATTCC-3' and 5'-TGCC
GTAGAAGGTCCTCCAGTC-3" for RORyt; and 5'-
ATGTGCTCTTCAGATGGTGTCACG-3' and 5-AAGA
TTCCTTGGTCGGCAGTGC-3' for IL-23R. The relative
gene expression was calculated by the CFX manager soft-
ware (Bio-Rad, Hercules, CA, USA), using the compara-
tive Ct (2 2Ct) method, with (3-actin as a reference gene.

Western Blotting

Radioimmunoprecipitation assay (RIPA) buffer
(Beyotime Biotechnology, Shanghai, China) was used to
extract total protein from CD4* T cells and the right upper
lung tissues, following the manufacturer’s instructions.
Briefly, cultured CD4* T cells or 100 mg homogenized
lung tissues were lysed with 1000 uL RIPA buffer
supplemented with protease and phosphatase inhibitors,
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incubated on ice for 30 min, then centrifuged at 15,000xg
for 15 min at 4 °C. The total protein concentration in the
pooled lysates was measured using a bicinchoninic acid
protein assay kit (Beyotime Biotechnology, Shanghai,
China). Equivalent amounts of protein samples were
loaded into each well, separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, electro-
transferred onto nitrocellulose membranes, and blocked
with 5% non-fat milk or bovine serum albumin (BSA)
for 1 h. Then, the membrane was incubated with antibodies
overnight at 4 °C. Thereafter, the membrane was washed
three times with PBS containing Tween-20, and subse-
quently incubated with the secondary antibody (Abcam,
Cambridge, UK, 1:8000) at 37 °C for 1 h. Later, the
membrane was washed again three times. Protein bands
were visualized using enhanced chemiluminescence by a
UVP gel imaging system (Upland, CA, USA). The relative
abundance of protein was quantified using the Quantity
One Software (Bio-Rad).

For Western blot analysis, the following primary anti-
bodies were used: anti-PKCO (Cell Signaling Technology,
Beverly, MA, USA; 1:1000), anti-pPKC8-T538 (Cell Sig-
naling Technology, Boston, USA, 1:1000), anti-NICD
(Cell Signaling Technology, Boston, USA 1:1000), anti-
Hesl (Abcam, Cambridge, UK, 1:500), anti-RORyt
(Abcam, Cambridge, UK, 1:500), and anti-IL-23R
(Abcam, Cambridge, UK, 1:500).

Immunohistochemistry

Slices of left mouse lung were deparaffinized with
xylene, rehydrated in an ethanol gradient, and blocked by
incubating with 3% H,0, at 37 °C for 15 min. Background
due to non-specific binding was reduced by incubation
with 1% BSA in PBS for 60 min at room temperature.
Tissues were incubated with primary antibodies against
RORYyt (Abcam, Cambridge, UK, 1:1500) or IL-23R
(Abcam, Cambridge, UK, 1:250) at 4 °C overnight. After
washing, tissue sections were incubated with biotin-labeled
secondary antibody at 37 °C for 30 min, and then stained
with diaminobenzidine for 5 min. Samples were counter-
stained with hematoxylin, dehydrated in an ethanol gradi-
ent, vitrified with xylene, and sealed with neutral resins.

Flow Cytometry

Cells in lung tissues were stimulated with a cell
stimulation cocktail (Biolegend, San Diego, CA, USA),
composed of phorbol 12-myristate 13-acetate, ionomycin,
and Brefeldin A, at 37 °C and under 5% CO, incubation
for 5 h. Cells were then washed in PBS and surface-stained
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with FITC-conjugated anti-CD4 antibodies for 30 min,
followed by fixation and permeabilization, after which they
were intracellularly stained with APC-conjugated anti-IL-
17A antibodies for 1 h. All flow cytometric measurements
were conducted on a flow cytometer (Beckman Coulter,
Inc., Brea, CA, USA). Results were analyzed using the
Cyexpert software (Beckman Coulter, Inc.).

Statistical Analysis

Data are presented as mean + standard deviations.
Statistical analysis was performed using one-way analysis
of variance with SPSS 22.0 (IBM software, Armonk, NY,
USA). Post hoc tests (Student—-Newman—Keuls and least
significant difference) were performed to detect significant
differences between particular groups. P < 0.05 was set as
the threshold value for statistical significance.

RESULTS

PKCO Inhibition Ameliorated LPS-Induced Lung
Injury

LPS-induced lung injury was assessed by HE staining
and the lung W/D ratio. Mice treated with LPS exhibited
the typical pathological changes of ALI, including intra-
alveolar and interstitial edema, hemorrhage, thickened al-
veolar septum, and inflammatory cell infiltration. These
pathological changes were attenuated by PKCO inhibition
(Fig. 1a, b). PKCB inhibition also reduced the lung W/D
ratio (Fig. 1c).

PKCO Inhibition Attenuated Inflammation Response
and Neutrophil Infiltration in Mouse Lung

To determine whether PKCO inhibition affects lung
inflammation induced by LPS exposure, we also determined
the total cell, neutrophil counts, and TNF- in BALF; the
leukocyte count in whole blood; and MPO activity of lung
tissues. Administration of LPS significantly increased the total
cell and neutrophils counts, TNF-oc in BALF, as well as MPO
activity in lung tissue, which were markedly reduced by
PKCB inhibition (Fig. 2a—d). Although the exposure to LPS
decreased the leukocyte count in whole blood, the leukocyte
count was further significantly reduced in mice in the PI
group compared to that in the LPS group mice (Fig. 2e).

PKCO Inhibition Suppressed the Th17 Response

To determine whether PKCO inhibition suppressed the
Th17 response, we measured the percentage of CD4'IL-
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Fig. 2. The effect of a PKCO inhibition on inflammation and neutrophil infiltration in mouse lung. a Total cells and b neutrophil counts in bronchial alveolar
lavage fluid (BALF). ¢ Myeloperoxidase (MPO) activity was determined by ELISA. d TNF-« in BALF was calculated by ELISA. e Leukocyte count in
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PKCO Inhibition Downregulated the Protein and
mRNA Levels of RORyt and IL-23R by Inhibiting the
Notch Signaling Pathway in Mouse Lungs

To determine the effect of PKCO inhibition on RORyt
and IL-23R levels and its mechanism in vivo, Western blotting
and qPCR were employed to evaluate the expression of
RORt, IL-23R, and Notch signaling pathway-related com-
ponent in mouse lungs. LPS profoundly enhanced the protein
and mRNA levels of RORyt and IL-23R. In contrast, PI as
well as DAPT significantly decreased the protein and mRNA
levels of RORyt and IL-23R (Fig. 4a—d). The protein levels
of P-PKCO-T538, NICD, and Hes1 (a downstream target of
the Notch signaling pathway) in mouse lungs were analyzed
by Western blot analysis to determine whether PKCO inhibi-
tion downregulates the levels of RORyt and IL-23R via the
Notch pathway. In addition, the mRNA levels of Hes1 were
measured by qPCR. Exposure to LPS led to significant
enhancement in NICD and Hesl protein levels in mouse
lungs. Both PI and DAPT could significantly decrease the
NICD and Hesl protein levels (Fig. 4b). Phosphorylation of
PKCO at T538 (P-PKCO-T538), which is key to kinase
activation, was downregulated by PI in mouse lungs
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(Fig. 4b). On the other hand, P-PKCB8-T538 levels remained
unchanged in the presence of DAPT as compared to that of PI
(Fig. 4b). Consistent with the results of Western blotting, the
mRNA expression of Hes1 could be reduced by either PI or
DAPT (Fig. 4e).

PKCO Inhibition Downregulated the Protein and
mRNA Levels of RORYt and IL-23R by Inhibiting the
Notch Signaling Pathway in CD4" T Cells

To determine the effect of PKCO inhibition on
RORyt and IL-23R levels and its mechanism
in vitro, Western blotting and qPCR were employed
to evaluate the expression of RORvyt, IL-23R, and
Notch signaling pathway-related component in
CD4" T cells. PI as well as DAPT significantly
decreased the protein and mRNA levels of RORyt
and IL-23R (Fig. 5a—c). The protein levels of P-
PKCO-T538, NICD, and Hesl were analyzed by
Western blot analysis to determine whether PKCO
inhibition downregulates the levels of RORyt and
IL-23R via the Notch pathway. In addition, the
mRNA levels of Hesl were measured by qPCR.
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Fig. 3. PKCB inhibition suppressed the Th17 response. The concentrations of a IL-17 and b IL-22 in bronchial alveolar lavage fluid (BALF) were measured
by ELISA. The percentage of CD4*IL-17A* T cells in the lungs was measured by flow cytometric analysis (¢, d). Data are presented as means + S.D.
(*p <0.05 compared with the control group, #p < 0.05 compared with the LPS group).
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Both PI and DAPT significantly decreased the
NICD and Hesl protein levels (Fig. 5a). P-PKCO-
T538 was downregulated by PI but remained un-
changed in the presence of DAPT (Fig. 5a). Con-
sistent with the result of Western blotting, the
mRNA expression of Hesl could be reduced by
either PI or DAPT (Fig. 5d).
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DISCUSSION

In the present study, we showed that PKCO inhibition
attenuates LPS-induced ALI. PKCO inhibition in mice de-
creased the infiltration of neutrophils in the lungs and TNF-o¢
concentration in BALF. The percentage of Th17 cells in lung
tissue and the IL-17 and IL-22 levels in BALF were lowered
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Fig. 5. PKCO inhibition downregulated the levels of RORyt and IL-23R by inhibiting the Notch signaling pathway in CD4 + T cells: a P-PKCB-T538, Notch
signaling pathway-related component, RORyt, and IL-23R measured by Western blotting; b IL-23R mRNA; ¢ RORyt mRNA; and d Hes] mRNA measured
by gPCR. Data are presented as means + S.D. (*p < 0.05 compared with the control group).
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by PKCB inhibition. PKCO inhibition suppressed the expres-
sion of RORyt and IL-23R, at least partially, through the
Notch signaling pathway. Collectively, these data suggest that
PKCB inhibition may be valuable for the treatment of ARDS.

Inflammation plays a pivotal role in ARDS [23]. In our
data, the decrease of TNF-o in BALF suggested that PKCO
inhibition significantly suppressed inflammation. Clinical
studies have indicated that exaggerated recruitment and acti-
vation of neutrophils in the airways are linked to ARDS [24,
25]. In our study, blood leukocyte count was reduced in ALI
mice compared to that in the control group mice, further
indicating that neutrophil sequestration into the lungs is char-
acteristic of ALIL PKCB is required for neutrophil recruitment
and adhesion; lidocaine treatment could reduce neutrophil
recruitment by inhibiting PKCO [26, 27]. Consistent with
the results of these studies, we observed that PKCO inhibition
notably decreased the total cell counts, neutrophil counts in
BALF, and MPO activity of lung tissues. Our data demon-
strated that neutrophil infiltration in the lungs of ALI mice
was notably decreased by PKCO inhibition. However, our
study primarily focused on the effects of PKCO inhibition on
Th17; thus, we did not explore further details of the mecha-
nism by which PI affects neutrophil infiltration, such as down-
regulation of chemokines [5], and decreases in neutrophil
deformability [28]. Future studies may be needed to establish
the role of PKCO inhibition in this regard.

Our previous study had suggested that Th17 is involved
in the pathogenesis of inflammation [29]. Th17 cells play a
pro-inflammatory role in neutrophilic inflammation and par-
ticipate in neutrophil accumulation [30]. IL-17, a key effector
molecule of Thl7 cells, is a typical pro-inflammatory cyto-
kine that induces the expression of IL-6 and TNF-« [31, 32].
Moreover, IL-17 can promote activation and recruitment of
leukocytes in the lung [33, 34]. IL-22, another key effective
molecule of Th17 cells has been demonstrated to play crucial
roles in the development of ALI [35]. In agreement with our
previous findings that suppressing Th17 can attenuate lung
inflammation [29], our present study suggests that PKCO
inhibition could alleviate LPS-induced inflammation and neu-
trophil infiltration, which was accordant with the reduction in
concentrations of IL-17 and IL-22 and percentages of Th17 in
mouse lungs.

IL-23R is essential for the pathogenicity of Th17 cells
[14]. According to Dawn C. Newcomb et al., in asthmatic
mice, ovarian hormones upregulate IL-17A protein expres-
sion in Th17 cells through increased IL-23R, resulting in the
aggravation of neutrophilic inflammation [36]. We observed
that PKCO inhibition downregulated the protein and mRNA
levels of IL-23R in mouse lungs and in CD4™ T cells, which is
accordant with the reduction in IL-17 and IL-22
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concentrations in BALF. These results suggest that PKCO
inhibition appears to suppress pathogenicity of Th17 by
downregulating IL-23R expression partially through a ge-
nomic mechanism. The decrease in RBPJ may contribute to
the reduction of IL-23R [14, 37]. Differentiation of Th17 cells
is transcriptionally controlled by RORyt [38]. We observed
that PKCO inhibition downregulated protein and mRNA
levels of RORyt in mouse lungs and CD4™ T cells and was
accompanied by the reduction in the percentage of Th17 in
ALI mouse lungs. These data also suggest that PKCO
inhibition hampers Th17 cell differentiation by suppressing
RORYt partially through a genomic mechanism, which is
consistent with Kwon et al.’s finding that RORyt mRNA
was significantly reduced in PKCO™ T cells as compared to
wild-type T cells [39].

Notch inhibition downregulates RORyt [10]. Recombi-
nant signal binding protein of the immunoglobulin kJ region
(RBPJ), a component of the Notch signaling, is a key driver
of IL-23R [14]. Both studies suggested that the Notch signal-
ing pathway was involved in regulating the expression of
RORyt and IL-23R. PKC8, a protein found inside T cells,
is a major contributor to Notch activation. PKCO inactivates
profilin, a protein that inhibits formation of actin filaments,
thereby promoting the generation of an abundant actin-rich
structure that is required to recruit the Notch enzyme to the
immunological synapse [15]. Our study further evaluated
whether PKCBO inhibition decreases RORyt and IL-23R ex-
pression through the Notch signaling pathway. We showed
that in mouse lungs, PKCB inhibition could reduce NICD and
downregulate Hes1, a Notch target gene. While phosphory-
lation of PKCO at T-538 (P- PKCB-T538) was downregulated
by PI, contrarily, DAPT had no effect on the activity of
PKCO. A similar result was observed in CD4* T cells.
These results indicated that PKCO inhibition suppresses
RORyt and IL-23R expression, at least in part, via the Notch
signaling pathway.

However, the specific mechanism by which the Notch
signaling pathway affects RORyt and IL-23R is not yet clear.
We also could not determine the link between IL-23R and
production of IL-17, IL-22 by Th17. We proved that PKCO
inhibition downregulated the expression of RORyt, but could
not determine whether PKCO inhibition affected the activity
of RORt. Further studies are necessary to define the specific
and overlapping contributions of other signaling pathways
that mediate the protective effects of PKCO inhibition in ALI/
ARDS.

In summary, our study provided insights into a new
target for the treatment of ALI/ARDS through regulation of
the immune system. We demonstrated that PKCO inhibition
can exert protective effects against pulmonary inflammation



1988

and neutrophil infiltration by suppressing the differentiation
and pathogenicity of Th17 via the Notch signaling pathway.
PKCBH inhibition may be a potential therapeutic intervention
for patients with ARDS in clinical practice.
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