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Abstract. - OBJECTIVE: Hepatopulmonary
syndrome (HPS) is a kind of pulmonary micro-
vascular disease and occurs in 15%-30% cirrho-
sis. This study aimed to investigate the effects
of pulmonary CX3CR1 on angiogenesis and as-
sociated mechanisms in HPS animal models.
MATERIALS AND METHODS: CX3CR1GFP/
GFP mice were constructed by replacing CX-
3CR1 with GFP. Common bile duct ligation (CB-
DL) mouse model was established with surgery.
Release of nitric oxide (NO) was evaluated. He-
matoxylin-eosin (HE) staining was employed to
examine the inflammation of lung tissues. CD31
expression was detected with immunohisto-
chemistry assay. Western blotting was used to
evaluate the expression of CX3CL1, CX3CR1,
phosphorylated-AKT (p-AKT), phosphorylat-
ed-ERK (p-ERK). Quantitative Real Time-PCR
(qRT-PCR) assay was used to examine VEGF,
PDGF, iNOS, eNOS, and HO-1 expression.
RESULTS: CX3CR1-deficiency (CX3CR1G-
FP/GFP-sham or CX3CR1GFP/GFP-CBDL mice)
significantly reduced NO release compared to
wide type (WT)-mice or WT-CBDL mice (p<0.05).
CX3CR1-deficiency significantly alleviated in-
flammation compared to wide type (WT)-mice
or WT-CBDL mice (p<0.05). CX3CR1-deficien-
cy significantly reduced CD31 expression com-
pared to WT-sham and WT-CBDL mice, respec-
tively (p<0.05). CX3CR1 also participated in
anti-angiogenesis efficacy of Bevacizumab. CX-
3CR1-deficiency significantly down-regulated
the ratio of p-AKT/AKT and p-ERK/ERK and in-
hibited the secretion of VEGF and PDGF com-
pared to WT-mice (p<0.05). CX3CR1-deficiency
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significantly reduced iNOS, eNOS, and HO-1 ex-
pression compared to WT-mice (p<0.05).

CONCLUSIONS: CX3CR1 deficiency reduced
VEGF and PDGF production, inhibited p-AKT,
and p-ERK activation and down-regulated iN-
0S, eNOS, and HO-1 expression. Therefore, CX-
3CR1 participates in pulmonary angiogenesis in
the experimental HPS mice via inhibiting AKT/
ERK signaling pathway and regulating NO/NOS
release. These findings would provide a poten-
tial insight for clarifying the pathological mech-
anisms of HPS.

Key Words:
CX3CRT1, Pulmonary angiogenesis, Hepatopulmo-
nary syndrome, Common bile duct ligation.

Introduction

Hepatic dysfunction and liver cirrhosis main-
ly influence the vascular system in many organ
systems and impair the functions of organs, and
finally cause the enhanced mortality and mor-
bidity"?. Hepatopulmonary syndrome (HPS) is
a kind of pulmonary microvascular disease that
occurs when arterial oxygenation is impaired
by the changes of pulmonary microvascula-
ture in 15% to 30% cirrhosis patients®*. The
occurrence of HPS seriously declines the life
quality and no effective drugs or therapeutic
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strategies are candidate until now to improve
it>. However, the limited acknowledges of the
pathogenesis of the changed vascular system in
HPS, prevent the development for the effective
treatments of HPS.

The commonly established and used HPS
animal model reproducing abnormal physiolo-
gies of human disorders is the chronic common
bile duct ligation (CBDL)’. The CBDL models
mainly exhibit the characteristics of vascu-
lar remodeling and pulmonary microvascular
dilations. The vascular remodeling is associ-
ated with the expression of vascular endothe-
lial growth factor (VEGF) and intra-vascular
monocyte accumulation’, while the pulmonary
microvascular dilations are correlated with
the PKB/AKT independent activation of the
endothelial nitric oxide synthase/nitric oxide
(eNOS/NO)%. However, the specific mechanism
involving in the pathogenesis of HSP has not
been fully clarified.

The chemokine, fractalkine (FKN), has been
discovered and identified in the 1990s, and il-
lustrates specific characteristics’. The FKN
includes a CX3C chemokine domain, which
constitutes the CX3C family, including CX3C
motif-ligand 1 (CX3CLI1) and CX3C motif re-
ceptor 1 (CX3CRI1)". FKN usually expresses
on the dendritic cells, endothelial cells, and
neurons, and CX3CR1 mainly expresses on
the undefined NK or T cells and monocytes''.
Meanwhile, the FKN closely interacts with
the CX3CRI1 with higher affinity, the process
of which mediates the plenty of biological ac-
tivities'?. Zhang et al” also reported that the
CX3CL1 and CX3CRI1 are enhanced in the pul-
monary microvascular system of CBDL animal
models and trigger the angiogenesis. Normally,
the CX3CRI1 could interact with CX3CL1 in
vascular endothelial cells to activate the angio-
genesis by activating the ERK and AKT signal-
ing pathway'. The above backgrounds demon-
strate that the CX3CR1 and/or CX3CLI expres-
sion and interaction might be associated with
the angiogenesis in the CDBL model of HPS.

This study aimed to investigate the effects of
the pulmonary CX3CR1 expression or associ-
ated signaling pathways on the angiogenesis in
the HPS animal models (CBDL models). In this
study, we observed the pulmonary NO levels,
CX3CRI1 expression, and neovascularization,
and evaluated the effects of anti-CX3CRI an-
tibody (Ab) and/or Bevacizumab treatments on
the angiogenesis of the HPS animal model.
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Materials and Methods

Generation of CX3CR1GFP/GFP Mice

The Balb/C mice, aging from 6-8 weeks,
weighting from 20 to 25 g, were used in this
study. The CX3CRI1°79fF Balb/C mice were
purchased from Jackson Immuno Research Labs
(West Grove, PA, USA), which were generated
according to the previous study'’. The geno-
types of mice were identified and checked by
using the PCR assay. The normal mice and the
CX3CRI1°6FP mice were feed in the optimal
environments supplementing with 40-50% hu-
midity and 12 h dark/light cycle. All the in vivo
tests or experiments were conducted according
to the NIH guidelines for the use of laboratory
animals. This study was approved by the Affil-
iated Hospital of Guizhou Medical University,
Guiyang, China.

Establishment of CBDL Mouse Model and
Trial Grouping

The Balb/C mice, aging from 6-8 weeks,
weighting from 20 to 25 g, were employed to
establish the CBDL model. The CBDL mouse
model (WT-CBDL group or CX3CRI%”
GFP_CBDL group) was established by using the
common bile duct ligation, according to the pro-
cedures of CBDL surgery described in the pre-
vious study'>. Meanwhile, the sham mice were
established by mobilizing with common bile
duct without the ligation (for WT-sham group
or CX3CRI19PCFP sham group). One week post
the CBDL or sham surgery, the WT-mice were
intraperitoneally injected by using the Beva-
cizumab (Cat. No. A2006, Selleck Chemicals,
Houston, TX, USA, WT-CBDL+Bevacizumab
group or CX3CRI¢PCFP_.CBDL-Bevacizum-
ab group) and rabbit anti-CX3CR1 neutral-
izing polyclonal antibody (Cat. No. ab8021,
Abcam Biotechnology, Cambridge, MA, USA,
WT-CBDL+Ab group) at final concentration of
80 ng/kg body weight per day for one week.
Meanwhile, the WT-mice intraperitoneally in-
jected with both Bevacizumab (80 pg/kg-d) and
rabbit anti-CX3CR1 neutralizing polyclonal an-
tibody (80 pg/kg-d) were assigned as WT-CB-
DL+Ab+Bevacizumab group. One week later,
the lung samples of mice were collected and
analyzed.

Evaluation of NO Levels
The lung tissues of that above mice were ultra-
sonically homogenized and centrifuged at a speed
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of 2500 r/min at 4°C for 10 min. The NO in the
supernatants of lung tissues were immediately
evaluated with Griess test by using NO Detection
kit (Cat. No. A012, Nanjing Jiancheng Biotechnol-
ogy, Nanjing, China) according to the instruction
of the manufacturer. The equal amounts of the
above samples were added, and the reagents were
mixed and incubated in the 96-well plates (Corn-
ing-Costar, Corning, NY, USA) at 37 for 30 min.
The absorbance was detected at the wavelength of
540 nm. The amounts of the nitrate were analyzed
and calculated by constructing a standard curve.

Hematoxylin-Eosin (HE) Staining

The isolated lung tissues were isolated and
sectioned into slices with a thickness of 0.5 um.
Then, the slices were stained by using hematox-
ylin (Nanjing Jiancheng Biotechnology, Nan-
jing, China) and eosin (Beyotime Biotechnology,
Shanghai, China) and captured with inverted mi-
croscopy (Mode: 1X81, Olympus, Tokyo, Japan).
Finally, the HE staining images were analyzed
with Image Pro software (version: Plus 6.0, Media
Cybernetics, Inc., Bethesda, MD, USA).

Immunohistochemistry Assay

The isolated lung tissues were isolated and
sectioned into slices with a thickness of 0.5 um.
The slices were fixed using 4% paraformalde-
hyde (Beyotime Biotechnology, Shanghai, Chi-
na) for 15 min at 37°C. The slices were washed
by using Phosphate-Buffered Saline (PBS) and
the endogenous peroxidase was inactivated with
3% hydrogen peroxide (Beyotime Biotechnol-
ogy, Shanghai, China) at 37°C for 5 min. Then,
the slices were blocked by using 5% bovine se-
rum albumin (BSA, Beyotime Biotechnology,)
at 37°C for 15 min and incubated by using rabbit
anti-mouse CD31 monoclonal antibody (1:3000,
Cat. No. #59818, Cell Signaling Technology, Bev-
erly, MA, USA) at 4°C overnight. Then, the slices
were washed by using PBS and incubated with Bi-
otin-conjugated goat anti-rabbit IgG (1:1000, Cat.
No. ab6721, Abcam Biotechnology, Cambridge,
MA, USA) at 37°C for 1 h. Finally, the slices were
captured by using an inverted fluorescence micro-
scope (Mode: 1X81, Olympus, Tokyo, Japan).

Western Blot Assay

The lung tissues were lysed by using radioim-
munoprecipitation assay solution (RIPA, Beyo-
time Biotechnology, Shanghai, China) due to the
instruction of the manufacturer. The lysates were
separated by using 15% SDS-PAGE (Amresco

Inc., Solon, OH, USA) and electro-transferred
onto polyvinylidene difluoride (PVDF; Amresco
Inc., Solon, OH, USA). The PVDF membranes
were blocked by utilizing the 5% defatted milk
(Beyotime Biotechnology, Shanghai, China) in
PBS containing 0.05% Tween-20 (Beyotime Bio-
technology, Shanghai, China). Then, the PVDF
membranes were incubated by using rabbit an-
ti-mouse CX3CL1 polyclonal antibody (1:2000,
Cat. No. ab25091), rabbit anti-mouse AKT poly-
clonal antibody (1:2000, Cat. No. ab8805), rabbit
anti-mouse phosphorylated AKT (p-AKT) poly-
clonal antibody (1:2000, Cat. No. ab38449), rab-
bit anti-mouse ERK polyclonal antibody (1:2000,
Cat. No. ab17942), rabbit anti-mouse phosphory-
lated ERK (p-ERK) polyclonal antibody (1:2000,
Cat. No. ab201015), rabbit anti-mouse CX3CR1
polyclonal antibody (1:2000, Cat. No. 13885-1-
AP, Wuhan Sanying, Wuhan, China), and rabbit
anti-mouse B-actin polyclonal antibody (1: 2000,
Cat. No. ab8227) at 4°C overnight. All the primary
antibodies except for rabbit anti-mouse CX3CR1
were purchased from Abcam Biotechnology
(Cambridge, MA, USA). The PVDF membranes
were then incubated with the horseradish perox-
idase (HRP)-conjugated goat anti-rabbit IgG an-
tibody (1:2000, Cat. No. AP132, Sigma-Aldrich,
St. Louis, MO, USA). The bands of the Western
blotting were visualized and captured with a Be-
yoECL Plus kit (Cat. No. P0018M, Beyotime Bio-
technology, Shanghai, China). Finally, the binds
or signals of the Western blotting images were
analyzed by using the UVP Western-blotting
gel-scanning system (Mode: GDS8000, UVP,
Sacramento, CA, USA).

Quantitative Real-Time RT-PCR
(GRT-PCR) Assay

The total RNAs in lung tissues were extract-
ed with the TRIzol reagents (Beyotime Biotech-
nology, Shanghai, China), and then it was used
as the templates to synthesize complementary
DNAs (cDNAs) with the Reverse-Transcription
kit (Western Biotechnology, Chongqing, China)
based on the manufacturer’s instruction. The
gRT-PCR assay was conducted with the Sybgreen
I kit (Western Biotechnology, Chongqing, China)
as fluorescent-dye, on a Real Time-PCR device
(Mode: FTC-3000P, Funglyn Biotechnology,
Richmond Hill, Ontario, Canada). The primers
for the QRT-PCR assay, including VEGF, PDGF,
INOS, eNOS, HO-1, and B-actin were listed in
Table I. PCR products of the amplification were
loaded onto the 2% agarose gels (Beyotime Bio-
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technology, Shanghai, China). The gel images
of PCR amplification were analyzed with UVP
Western-blotting gel-scanning system (Mode:
GDS8000, UVP, Sacramento, CA, USA). The rel-
ative gene mRNA levels were calculated by nor-
malizing to the inter-control B-actin gene with the
comparative threshold cycle 2-22°T method'.

Statistical Analysis

The data appeared in this study was repre-
sented as mean + standard deviation (SD) and
analyzed using SPSS software 20.0 (IBM Corp.,
Armonk, NY, USA). The Tukey’s post-hoc test
validated the analysis of variance (ANOVA)
and was used to compare the data among mul-
tiple groups. The p<0.05 represented a signifi-
cant difference.

Results

CX3CR1-deficiency (CX3CR1°<" mice)
reduced NO release

NO has been considered to be the pathologi-
cal factor for many diseases, such as influenza!’,
cerebral disorders'®, and cardiovascular diseas-
es'’. Therefore, the NO levels were evaluated in
the tissues of mice. The results indicated that the
levels of NO in WT-CBDL mice were signifi-
cantly increased compared to that in the WT-sh-
am mice (Figure 1, p<0.05). However, the Ab
combining Bevacizumab treatment (WT-CB-
DL+Ab+Bevacizumab group) significantly en-
hanced the NO levels compared to that in the
WT-CBDL group (Figure 1, p<0.05). Mean-
while, the CX3CRI1-deficiency (CX3CRI1¢FP/OFF
mice) also reduced the NO levels compared to

Table I. Primers for the RT-PCR assay.

that in the WT-sham group (Figure 1, p<0.05).
The NO levels in CX3CRI1-deficiency CBDL
mice (CX3CRIPCFP.CBDL mice) were sig-
nificantly lower compared to that in WT-CBDL
mice (Figure 1, p<0.05). Also, the Bevacizumab
treatment (CX3CR1°7¢FP.CBDL+ Bevacizum-
ab group) significantly decreased the NO levels
compared to CX3CR1?¢FP.CBDL group (Fig-
ure 1, p<0.05).

CX3CR1-Deficiency (CX3CR1GFP/GFP
Mice) Decreased the Inflammation

The results showed that CBDL mice model
exhibited evident inflammation in lung tissues
compared to the WT-sham mice (Figures 2A and
2B, p<0.05), which also confirmed the successful
establishment of CBDL mice model. The Ab and
Bevacizumab treatment significantly decreased
the inflammation in lung tissues compared to
that in the WT-CBDL group (Figures 2A and 2B,
p<0.05). Meanwhile, CX3CR1-deficiency (CX-
3CRI1°P/6FP_sham mice or CX3CR1*6FP.CBDL
mice) significantly decreased the inflammation
compared to that in the WT-sham and WT-CBDL
mice (Figures 2A and 2B, p<0.05). Furthermore,
the Bevacizumab strengthened the effects of CX-
3CRI1-deficiency on inflammation (Figures 2A
and 2B).

CX3CR1-Deficiency (CX3CR1°7<F" Mice)
Reduced CD31 Expression

CD3l is a specific biomarker for the vascular
endothelial cells, the enhanced CD31 levels re-
flect the vascular injury in a feedback way [20].
Our results indicated that CX3CRI1-deficiency
inhibited the up-regulated effects of CBDL in-
jury on the WT-sham mice, by suppressing the

Genes Sequences Length (bp)

VEGF Forward ATCATGCGGATCAAACCTCAC 96
Reverse TGTTCTGTCTTTCTTTGGTCTGC

PDGF Forward CGCACCAACGCCAACTTC 154
Reverse TGGGCTTCTTTCGCACAATC

iNOS Forward TTGGAGCGAGTTGTGGATTG 147
Reverse GGTCGTAATGTCCAGGAAGTAGG

eNOS Forward ACAAATAGAGGCAATCTTCGTTC 110
Reverse CTATAGCCCGCATAGCGTATC

HO-1 Forward CGAATGAACACTCTGGAGATGAC 166
Reverse GCCTCTGACGAAGTGACGC

B-actin Forward GAGACCTTCAACACCCCAGC 263
Reverse ATGTCACGCACGATTTCCC
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Figure 1. Evaluation for the NO release in the WT mice and the CX3CR1-deficiency (CX3CR1°°F mice) mice. ‘p<0.05 vs.
WT-sham group. “p<0.05 vs. WT-CBDL group. p<0.05 vs. CX3CRI1°"¢"-CBDL group.
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Figure 2. Determination of the inflammation of the lung tissues of WT mice and the CX3CRI-deficiency (CX3CRI1r?
mice) mice by using HE staining. 4, HE staining images (magnification x400). B, Statistical analysis for the inflammation.
"p<0.05 vs. WT-sham group. “p<0.05 vs. WT-CBDL group. p<0.05 vs. CX3CRI1"”¢f"_.CBDL group.

CD31 expression (Figure 3A). Meanwhile, the
CD3I1 levels in CX3CR1¢PCFP.CBDL mice were
significantly reduced compared to that in the
WT-CBDL group (Figure 3B, p<0.05). More-
over, the Bevacizumab assisted the effects of
CX3CRI on the downregulation of CD31 (Fig-
ure 3B).

CX3CR1 Participated in the Efficacy of
Bevacizumab

In the CX3CRI-deficiency (CX3CRI1¢FCF?
mice) mice, the CX3CL1 was down-regulated
compared to that in the WT-sham and WT-CB-
DL mice (Figures 4A and 4B, p<0.05). The re-
sults also indicated that the CX3CL1 expres-
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sion in both WT-CBDL+Bevacizumab group
and CX3CR1¢7¢fP_.CBDL+Bevacizumab were
significantly decreased compared to that in the
WT-sham mice and WT-CBDL mice, respec-
tively (Figures 4A and 4B, p<0.05). Meanwhile,
there were no expressions of CX3CRI in the
CX3CRI1°"76FP_sham, CX3CRI1°""¢f?-CBDL,
and CX3CRI197P¢fP.CBDL-Bevacizumab group
(Figures 4A and 4C, p<0.05). These results sug-
gest that the Bevacizumab played protective ef-
fects against the CBDL by downregulating the
CX3CRI expression.

CX3CR1-Deficiency (CX3CR1°5FF Mice)
Down-Regulated Ratio of p-AKT/AKT
and p-ERK/ERK

Due to the roles of AKT and ERK in the CX-
3CRI1 associated angiogenesis', the p-AKT/AKT
and p-ERK/ERK ratios were calculated. We
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found that both of p-AKT/AKT and p-ERK/ERK
ratios were down-regulated in CX3CR1977¢FF-gh-
am and CX3CR1¢?6FP.CBDL mice compared to
that in the WT-sham mice and CX3CR1-CBDL
mice, respectively (Figures 5A, 5B, 5C, p<0.05).
These results suggest that the CX3CR1-deficien-
cy inhibited the AKT/ERK signaling pathway in
the CX3CRI1 associated angiogenesis.

CX3CR1-Deficiency (CX3CR1°5F Mice)
Inhibited Secretion of VEGF and PDGF

In our study, the angiogenesis-related mole-
cules, VEGF and PDGF, were examined by us-
ing qRT-PCR assay. The results indicated that
the establishment of CBDL models triggered the
secretion of VEGF and PDGF (Figures 6A and
6B). However, the CX3CRI1-deficiency (both CX-
3CRI1°P/6FP_sham mice and CX3CRI17/6P-CB-
DL mice) significantly reduced the VEGF and
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Figure 3. CX3CR1-deficiency reduced the CD31 expression according to the immunohistochemistry assay. 4, Immunohis-
tochemistry assay images (magnification x400). B, Statistical analysis for the CD expression. p<0.05 vs. WT-sham group.
#p<0.05 vs. WT-CBDL group. ¥p<0.05 vs. CX3CR1976fP_.CBDL group.
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Figure 4. Evaluation for CX3CR1 and CX3CL1 expression using Western blotting assay. 4, Western blotting images. B,
Statistical analysis for the CX3CLI1 expression. C, Statistical analysis for the CX3CR1 expression. ‘p<0.05 vs. WT-sham group.
#p<0.05 vs. WT-CBDL group. ¥p<0.05 vs. CX3CR19*#¢"?_.CBDL group.

PDGF secretion compared to that in the WT-sham
mice and WT-CBDL mice, respectively (Figures
6A and 6B, p<0.05). Meanwhile, the Bevacizum-
ab blocked the effects of CX3CRI-deficiency on
VEGF and PDGF secretion (Figures 6A and 6B).

CX3CR1-Deficiency (CX3CR 1 Mice)
Reduced iNOS, eNOS, and HO-1
Expression

The expressions of iNOS, eNOS, and HO-1 were
also detected in the lung tissues by using the qRT-
PCR assay. The results illustrated that iNOS (Figure
7A), eNOS (Figure 7B), and HO-1 (Figure 7C) ex-
pressions were significantly increased in WT-CB-
DL mice compared to that in the WT-sham mice
(p<0.05). In addition, the CX3CR1-deficiency (both
CX3CRI1PCFP _sham mice and CX3CR19779fP-CB-
DL mice) significantly decreased the iNOS (Figure
7A), eNOS (Figure 7B), and HO-1 (Figure 7C) ex-
pressions compared to that in the WT-sham mice and
WT-CBDL-sham mice, respectively (p<0.05).

Discussion

In the progression of HPS, the hepatic cirrho-
sis or portal hypertension might cause pulmonary
vascular remodeling?. The previous studies?*?
reported that many cytokines and signaling path-
ways participate in the pathogenesis of HPS.
However, there are only a few investigations ex-
ploring the signaling pathways that relate to the
HPS which caused pulmonary vascular remodel-
ing till now. According to the former reports*-2,
the angiogenic processes could be modulated by
many negative or positive effectors, such as the
chemokines, growth factors, cytokines, or the
adhesion molecules. Therefore, in this work, we
evaluated the effects of the CX3CR1 on the angio-
genesis activation in the HPS animal model. We
found that the CX3CR1 expression was increased
in the lung tissues of the HPS animal models. The
CX3CRI1 deficiency in the HPS animal models
significantly improved the angiogenesis. There-
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fore, the present study provided the insight that
the deficient CX3CR1 could reflect the improve-
ment of the experimental HPS and CX3CRI1 was
identified as a regulator for the HPS.

The common bile duct ligation approach (CB-
DL model) is a unique animal model for HPS
until now, which has been proven to be effective,
due to previous studies'*#*?7%, Therefore, we em-
ployed the CBDL mouse model to clarify the ef-
fects of CX3CRI1 on angiogenesis by inhibiting
the CX3CRI1 expression in this study. Moreover,
the effects of CX3CR1 blockade (the neutralizing
antibody, Ab, and Bevacizumab) on pulmonary
abnormalities were also evaluated in the CBDL
mouse models. CX3CR1 is encoded by one single
exon, which was replaced by the GFP cassette in
our established CX3CRI17°fF mice; therefore,
the transcripts carrying the un-translated CX-
3CRI gene exon splicing onto GFP were gener-
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ated. By using the above approach, we knocked
out or silenced CX3CR1 gene transcription and
expression in the CX3CR1”9f7 mice, which was
also called as CX3CR1-deficiency mice.

In this study, pulmonary inflammation and
pulmonary angiogenesis were firstly observed.
The results showed that CX3CRI-deficiency
(CX3CRICFPCFP mice) remarkably decreased the
inflammation compared to the wild type mice.
Meanwhile, the pulmonary angiogenesis was al-
so evaluated by detecting the CD31 expression.
These findings showed that the CD31 expression
was significantly inhibited in the CX3CRI1-de-
ficiency (CX3CRI1?SFP mice) mice compared
with the wild type mice or wild type CBDL mice,
which were consistent with the previous docu-
ments?>*°. Of note, we also found that the neutral-
izing antibody and Bevacizumab exhibited equal
effects comparing to the CX3CRI-deficiency,
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which suggest that CXC3R1 could directly affect
the CBDL.

Scholars*** reported that the pulmonary vaso-
dilation was associated with the NO/NOS signal-
ing pathway activation in the HPS animal model.
Thus, the NO levels and the NO associated iNOS,
eNOS, and HO-1 levels were analyzed here. Our
results illustrated that all the NO, iNOS, eNOS,
and HO-1 levels were significantly decreased in
the CX3CR19"7¢"? mice compared to that in the
wide type mice (WT mice). These findings sug-
gest that the CX3CRI1 deficiency (CX3CR19F7¢FF
mice) participated in the pulmonary angiogene-
sis in the experimental HPS mice (CBDL model)
by activating the NOS/NO signaling pathways,
which are consistent with the conclusions of the
former studies®-*.

31,32

Furthermore, we also investigated the growth
factors mediated mechanism, through which the
CX3CRI1 benefits to the angiogenesis in both CX-
3CR197P6FP _sham mice or CX3CR19"76FP-.CBDL
mice. We indicated that the CX3CRI17¢"? defi-
ciency inhibited the angiogenesis by reducing the
VEGF and PDGF expression, which is consistent
with Zhang et al®. Meanwhile, there are also two
signaling cascades that could regulate the vascu-
lar endothelial cell proliferation and migration,
including MEK/ERK/Raf signaling pathway and
AKT/3-kinase signaling pathway*>-*¢. The results
showed that CBDL activated p-AKT and p-ERK
as the angiogenesis developments were down-reg-
ulated by the deficiency of the CX3CRI1 gene as
the improvement of HPS. The above data suggest
that CX3CRI1 triggers the activation of the angio-
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Figure 7. CX3CRI1-deficiency reduced the iNOS, eNOS, and HO-1 mRNA expression according to the qRT-PCR assay. A,
Statistical analysis for INOS mRNA expression. B, Statistical analysis for eNOS mRNA expression. C, Statistical analysis for
HO-1 expression. p<0.05 vs. WT-sham group. “p<0.05 vs. WT-CBDL group. ¥p<0.05 vs. CX3CR1°™¢""-CBDL group.

genic signaling pathways in pulmonary vascular
endothelial cells, which contribute to the patho-
genesis of the HPS.

Conclusions

We demonstrated that the CX3CRI1 levels were
significantly increased in the lung tissues during
the pulmonary angiogenesis and progression of
HPS in the CBDL mouse models. The CX3CR1
deficiency reduced the production of VEGF and
PDGF and inhibited the activation of the p-AKT
and p-ERK in the vascular endothelial cells of
lung tissues. Meanwhile, the CX3CR1 deficiency
also down-regulated the iNOS, eNOS, and HO-
1 expression in lung tissues of CBDL mice. The
present results would provide a potential insight
to clarify the pathological mechanisms and to dis-
cover the therapeutic strategy for the HPS in the
future.
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