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Background: ARHGAP24 might play a protective effect in the development of acute pneumonia, but the 
underlying mechanism remained a mystery. We aimed to investigate the effect of ARHGAP24 and explore 
the protective mechanism based on the acute pneumonia model of rats.
Methods: Western blotting analysis was conducted to measure the expression of ARHGAP24 in the rat 
model of bacillus pyocyaneus-induced acute pneumonia after 12, 24, 36, and 48 h modeling. In the acute 
pneumonia model of rat, lung histopathological change, lung edema, and levels of inflammatory cytokines 
in the broncho alveolar lavage fluid (BALF) were respectively measured to comprehensively evaluate the 
beneficial effect of overexpression of ARHGAP24 mediated by adenovirus. The western blotting analysis 
was conducted to evaluate Rac1/Akt/NF-κB pathway-related protein expression change with ARHGAP24 
overexpression.
Results: We found that ARHGAP24 expression tended to be lower in the acute pneumonia model of the 
rat after bacillus pyocyaneus treated 12, 24, 36, and 48 h. High expression of ARHGAP24 and a substantial 
ARHGAP24 positive area was found in the western blotting analysis and immunohistochemical staining 
in rats transfected with ARHGAP24. In the meantime, overexpression of ARHGAP24 suppressed the 
development of acute pneumonia through alleviating lung histopathological deterioration, lung edema, and 
levels of inflammatory cytokines in the BALF of the lung. What is more critical, ARHGAP24 overexpression 
inhibits the activation of Rac1, Akt, and NF-κB. 
Conclusions: Thus, we conclude that ARHGAP24 ameliorated the inflammatory response in the acute 
pneumonia model of the rat through inactivating the Rac1/Akt/NF-κB pathway.
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Introduction

Acute pneumonia is an inflammatory disease that 
originated from the lungs, higher in children, and older 
adults whose immune function is not fully developed or 
decreased, commonly leading to a high-level fatality (1).  

Acute onset characterizes acute pneumonia, severe 
symptoms, and multiple complications that can easily 
cause circulatory system failure and seriously threaten 
the health of patients. Clinical symptoms include fever, 
cough, mental irritability, moist rales in the lung, and 
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lung consolidation (2). Various microorganisms, including 
bacteria, viruses, chlamydia, mycoplasma, and rickettsiella, 
can cause acute pneumonia, the first site of which is 
the upper respiratory tract, bronchial infection. Severe 
lesions can develop to the lung segment, lung lobules, and 
other parts of the infection (3). As the main pathogeny 
of nosocomial pneumonia, pseudomona aeruginosa can 
cause chronic respiratory infection and even recalcitrant 
multidrug-resistant infections (4). Given the grim 
situation, new targets are urgently needed to achieve better 
therapy for overcoming the harmful effect of pseudomona 
aeruginosa induced-acute pneumonia.

Several studies have shown that activation of nuclear 
factor κB (NF-κB) is a dominated event in the progression 
of acute pneumonia inflammation (5-7). Pro-inflammatory 
cytokines, including tumor necrosis factor (TNF-α), can 
release NF-κB from the cytoplasm NF-κB/IkBa complex, 
consequently causing that p65 quickly transfer into nuclear 
and react with target gene elements to launch inflammation-
related protein expression including TNF-α, interleukin 
1β (IL-1β), interleukin-6 (IL-6) in the inflammatory 
models (8). In that case, the activation of NF-κB and pro-
inflammatory cytokines will produce mutually worse the 
inflammation in the lung site (9,10). Indeed, inhibiting 
the inflammation has been the target for acute pneumonia 
treatment for several years (11-13). Rho GTPase-activated 
protein 24 (ARHGAP24), a member of the GTPase family, 

can hydrolyze active GTP into inactive GDP and negatively 
regulate GTPases, including RhoA and Rac1. Previous 
studies have offered much evidence about the acceleration of 
ARHGAP24 in cell apoptosis in several cancer models (14).  
Notably, ARHGAP24 can play the regulatory effect through 
inactivating GTPase Rac1 in mouse podocytes (15). Rac1 
can regulate inflammation via RAC1/ROS/NLRP3/IL-1β 
axis (16,17). The inhibition of the Vav1/Rac1 pathway has 
been proven to facilitate the migration of macrophages (18).  
MARTX can inhibit intestinal inflammation via RAC1 (19).  
A recent study demonstrated that Rac1 activity is closely 
related to inflammation in lung tissue (20). What is more, 
Rac1/Akt/NF-κB has been reported to participate in the 
LPS-induced inflammation (21). Akt/NF-kB is the typical 
inflammatory signal pathway, participating in various 
inflammatory models (22). Inhibition of the ERK1/2 
and NF-κB can mitigate lung inflammation in LPS-
induced acute lung injury (23). Concerning the Rac1/
Akt/NF-κB signal pathway and the aimed target of NF-
κB in the inflammation of acute pneumonia, we assume 
there must be a relevant association between ARHGAP24, 
the upstream regulator of Rac1, and the inflammation of 
acute pneumonia. However, it is still mysterious about the 
functional role of ARHGAP24 and the potential effective 
mechanism involved in acute pneumonia.

The purpose of this article was to investigate the specific 
effect and regulatory mechanism of ARHGAP24 in Rac1/
Akt/NF-κB signal pathway in the acute pneumonia model 
of rats (Figure 1). We have conducted lung histopathological 
analysis and western blotting analysis to verify our 
hypothesis. Our research will supply an effective target for 
the therapy and prognosis of acute pneumonia. We present 
the following article in accordance with the ARRIVE 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-5000).

Methods

Animals

Male Sprague-Dawley (SD) rats, 500–650 g and 20-month-
old, were obtained from Shanghai SLAC Laboratory Animal 
Co., Ltd. (Shanghai, China). All rats were housed in groups 
under clean and proper environmental conditions with enough 
water and food. All rats were grouped in a normal 12/12 h  
light/dark cycle in a room with controlled temperature  
(22–25 ℃) and humidity (50–60%). For the execution, all rats 
were sacrificed under 10% chloral hydrate (300 mg/kg i.p.) and 
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Figure 1 ARHGAP24 inactivated Rac1/Akt/NF-κB in acute 
pneumonia.
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conducted the cervical dislocation. We have attempted to have 
the most minimum pain for the rats. The whole experimental 
protocols were following the agreement of the Laboratory 
Animal Committee of Hebei Medical University (Shijiazhuang, 
China). Experiments were performed under a project license 
(SCXK-20190010) granted by Hebei Medical University, in 
compliance with Hebei Medical institutional guidelines for the 
care and use of animals.

Construction of expression vectors containing ARHGAP24

The recombinant adenovirus vector for ARHGAP24 (sh-
ARHGAP24) and blank adenovirus vector was offered 
by Shanghai 125 Genechem. The vector was diluted to  
5×105/μL with phosphate-buffered saline (PBS). Then, the 
virus with sh-ARHGAP24 or blank vector in 50 μL was 
injected into the model rats of acute pneumonia via the tail 
vein.

Experimental protocol and acute pneumonia model

Our animal experiments were divided into two parts. 
First, we divided 24 rats into two groups to investigate 
the ARHGAP24 expression change in acute pneumonia, 
including a control group and model group (n=12). The 
model group was infected with pseudomonas aeruginosa. 
The control group was treated with nothing. Then, an 
added 40 rats were divided into four groups, including 
the control group, model group, model + sh-ARHGAP24 
group, and model + sh-con group (n=10). The model 
group, model + sh-ARHGAP24 group, and model + sh-
con group were infected with pseudomonas aeruginosa, 
except the control group. The model + sh-ARHGAP24 
group and model + sh-con group were infected with 
pseudomonas aeruginosa promptly after adenovirus-
mediated transfection 6h. The pseudomona aeruginosa 
infection can be finished by injecting 0.1 mL bacterial 
suspension (109 CFU/rat) after the trachea cannula. Then, 
the model + sh-ARHGAP24 group was transfected with 
ARHGAP24 mediated by the adenovirus. Finally, the 
model + sh-con group was then transfected with a blank 
adenovirus vector for control.

Lung wet/dry (W/D) weight ratio

Lung wet/dry (W/D) weight ratio was measured by 
calculating the weight of the wet lung and dry lung. The 
wet lung was harvested after pseudomonas aeruginosa 

infection for 6 h. The dry lung was harvested by placing it 
in the constant temperature drying oven at 80 ℃ overnight.

Broncho alveolar lavage fluid (BALF) collection

BALF was collected through intratracheal intubation 
reported in the earlier study. A 5 mL syringe was prepared, 
and the tip of the needle was cut off. After anesthesia, the 
rats were fixed in the supine position and were exposed to 
the trachea. After that, a small incision was cut with scissors, 
and the prepared syringe needle was inserted. PBS was 
used for lavage, and the lavage fluidwas withdrawn with 
the syringe. This process can be repeated twice to obtain 
about 5 mL lavage fluid. Lavage fluid was then centrifuged 
at 2,000 ×g at 4 ℃ for 10 min and stored at −80 ℃ to 
measure inflammatory cytokines through enzyme-linked 
immunosorbent assay (ELISA) kits.

Protein leakage

The leaked protein in the BALF was measured by the BSA 
kit (Beyotime), followed by the kit protocols.

ELISA analysis

The inflammatory cytokines, including TNF-α, IL-1β, and 
IL-6, were measured by ELISA Kit (Invitrogen) according 
to the instruction offered by the manufacturer, all of which 
were measured parallelly three times.

Hematein-eosin staining

After 24 hpseudomonas aeruginosa infection, rats were 
euthanized for histological assessment. The lung tissue 
was quickly collected and placed on the ice. Then, 
the lung tissue was experienced with fixation by 4% 
paraformaldehyde for 48 h, dehydration by gradient 
alcohol, and embedding by paraffin wax. After that, paraffin-
embedded tissue was cut into 5 μm slides and placed on the 
glass slide, followed with dried by the oven overnight. For 
Hematein-Eosin staining, we firstly took off the surfaced 
paraffin by incubation with xylene for 20 min. Then, we 
washed the slides three times with PBS and stained the 
slides by incubation with hematein dying (Solarbio life 
science) for 3 min and followed with eosin (Solarbio life 
science) for 10 sec. Finally, neutral gum closes the finished 
slides after air-dried and stored at room temperature. As 
for the pathological evaluation, slides were observed under 
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a light microscope and evaluated from circumstances of 
edema, bleeding, and inflammation.

Immunohistochemical staining

For immunohistochemical staining, the way of obtaining 
lung slides has been mentioned in the “Hematein-eosin 
staining” part. After that, we washed the slides three times 
with PBS, eliminated endogenous peroxidase by incubating 
with 3% hydrogen peroxide for 10 min, repaired the 
antigen of the tissue by incubating with tyrisin for 20 min, 
and sealed the charged group of the tissue by incubating 
with 5% BSA for 30 min. After these prepared work, 
slides were incubated with primary antibody ARHGAP24 
(1:200, A-AP13826b, AmyJet Scientific) at 4 ℃ overnight 
and conjugated with the Goat Anti-Rabbit IgG H&L 
(1:1,000, ab6721, abcam) on the second day. Following this, 
lung slides were colored with a 20× DAB solution (1:20, 
Beyotime). Right After coloration, these lung slides are 
counterstained by hematein dying for 3 min and closed by 
neutral gum after air-dried and stored at room temperature. 
As for the ARHGAP24 positive fields, slides were observed 
under a light microscope.

Immunofluorescence

Lung tissues from the rats in acute pneumonia was collected 
after operation 48 h. lung slides was harvested according to 
aforementioned methods. After that, we washed the slides 
fives times with PBS, and incubated the slides with 5% BSA 
for 30 min. After these prepared work, slides were incubated 
with primary antibody ARHGAP24 (1:200, A-AP13826b, 
AmyJet Scientific) and primary antibody SPC (1:200, 
ab211326, abcam) at 4 ℃ overnight and conjugated with the 
Goat Anti-Rabbit IgG-FITC (1:1,000, ab6717, abcam) on 
the second day. The dyeing procedure were performed in 
the dark. Following this, lung slides were sealed with DAPI 
antifade Mounting Medium (Sigma). slides were stored at 4 
℃ before observed under confocal Microscopy (TCS SP8, 
Leica).

WB analysis

Following the method above for collecting lung tissue, 
chopped lung tissue was lysed with Lysis buffer for 15 min, 
and the was centrifuged at 14,000 ×g at 4 ℃ for 15 min. 
And then, the supernatant is collected and measured the 

total protein by the BSA kit. The protein was mixed with a 
5× loading buffer (Beyotime) and was inactivated by boiling. 
Samples were detected through electrophoresis, PVD-
membrane transfer, and sealing of 5% BSA. Then, samples 
were incubated with primary antibody ARHGAP24 (1:200, 
A-AP13826b, AmyJet Scientific) and at 4 ℃ overnight and 
conjugated with Goat Anti-Rabbit IgG H&L-HRP (1:1,000, 
ab205718, abcam) on the second day. The expression of the 
protein was normalized by GADPH. Blots were detected 
through the ChemiDoc XRS Imaging System (Bio-Rad).

Statistical analysis

Data were expressed as mean ± standard error of mean 
(SEM). We used Graphpad Prism 7 software and SPSS 22.0 
software to analyze data. And we used one-way analysis of 
variance to conduct data statistical comparison between 
groups. Statistical significance was assumed at P<0.05.

Results

Down-regulation of ARHGAP24 in the lungs of acute 
pneumonia rats

After Bacillus pyocyaneus treatment 12, 24, and 36 h, we 
respectively collected the lung tissues and measured the 
ARHGAP24 expression by Wester bolt analysis (Figure 2). 
Western bolt analysis represented that the model group 
showed a significantly reduced protein expression of 
ARHGAP24 whenever at 12, 24, or 36 h when compared 
to the control group (P<0.05). Especially in 24 h, the model 
group exerted a sharply lower ARHGAP24 expression 
compared to the control group (P<0.05). This phenomenon 
revealed that ARHGAP24 was downregulated in the lungs 
of acute pneumonia rats, indicating the close correlation 
between ARHGAP24 and acute pneumonia development.

The expression of ARHGAP24 in the lungs of rats in 
distinct groups

We conducted the ARHGAP24 high expression model by 
transfecting ARHGAP24 in the rats of acute pneumonia. In 
the meantime, we set the control group, acute pneumonia 
model group, acute pneumonia model group transfected 
by adenovirus vector, and acute pneumonia model group 
transfected by holding ARHGAP24 adenovirus. We 
harvested lung tissues from the four groups and measured 
the ARHGAP24 expression through immunohistochemical 
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Figure 2 Down-regulation of ARHGAP24 in the lungs of acute pneumonia rats. After pseudomonas aeruginosa infection 12, 24, 36, and 48 h, 
the lung tissue of each group were collected to detect the expression of ARHGAP24 by WB assay. *, P<0.05 vs. control group, n=3.
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staining and WB analysis (Figure 3). As represented in the 
Figure 3A, the model group showed a structure of disorder 
and reduction of ARHGAP24 positive area compared 
to the control group (P<0.05). The same circumstances 
were observed in the acute pneumonia model group 
transfected by a blank adenovirus vector. However, the 
acute pneumonia model group transfected by containing 
ARHGAP24 adenovirus exerted a larger ARHGAP24 
posit ive area (P<0.05) ,  accompanying a  standard 
morphological structure, which trended to be like the 
control group. A similar tendency was observed in the WB 
analysis (Figure 3B). The protein expression of ARHGAP24 
was found to be predominantly lower in the model group 
than in the control group (P<0.05), which was following the 
discovery above. The protein expression of ARHGAP24 
was significantly higher in the model group transfected 
by holding ARHGAP24 adenovirus than in the model 
group transfected by adenovirus vector (P<0.05). These 
statistics proved the successful building of ARHGAP24 
overexpression.

The effects of ARHGAP24 on the lung histopathological 
change and lung edema in the acute pneumonia rats

To further investigate the effect of ARHGAP24 in acute 
pneumonia, we conducted a pathologic analysis by hematein 
eosin staining and biochemical detection (Figure 4).  
As pictured in Figure 4A, full purulent exudates were 
observed in the bronchi, bronchioles, and surrounding 
alveolar cavities in the model group, characterized as typical 
lobular pneumonia, the extent of which was approximately 
identical to the pathological situation in the model group 
transfected by the adenovirus vector. However, a standard 
and well-organized structure are observed in the model 
group transfected by holding ARHGAP24 adenovirus. The 
pathological score was significantly higher in the model 

group than in the control group (P<0.05). ARHGAP24 
treatment remarkably reduced the high pathological score 
(P<0.05). Pathologic analysis showed that ARHGAP24 
played a protective role in acute pneumonia.

We further verify the protective effect of ARHGAP24 
by evaluating the severity degree of pulmonary edema, 
including measuring BALF exudate volume, protein leakage 
in BALF, and lung W/D weight ratio. BALF is a significant 
mark in the study of respiratory diseases, through which we 
can obtain alveolar inflammation and inflammatory cells to 
evaluate the degree of inflammatory lesions. As presented in 
Figure 4B, the model group showed a higher level of BALF 
exudate volume, protein leakage in BALF, and lung W/D 
weight ratio compared to the control group (P<0.05), which 
was accordance with pathologic analysis. Model group 
transfected by blank adenovirus vector still exerted the 
same elevated level in the BALF exudate volume, protein 
leakage in BALF, and lung W/D weight ratio. Importantly, 
ARHGAP24 remained to play protective effect, as 
evidenced by a reduced level of BALF exudate volume, 
protein leakage in BALF and lung W/D weight ratio were 
found in the model + sh-ARHGAP24 group (P<0.05). 
These statistics revealed that overexpressed ARHGAP24 
mitigated pulmonary edema in rats of acute pneumonia.

The effects of ARHGAP24 on the levels of inflammatory 
cytokines in the BALF of acute pneumonia rats

Encouraged by a wide difference of inflammation 
infiltration between the model group and model group 
transfected by containing ARHGAP24 adenovirus in the 
pathological section, we hypothesized that the expression 
of ARHGAP24 might be involved in the inflammation 
reaction. Hence, we further investigate the inflammation 
situation by measuring the levels of TNF-α, IL-1β, and 
IL-6 in the BALF via ELISA analysis (Figure 5). TNF-α, 
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Figure 3 The expression of ARHGAP24 in the lungs of rats in different groups. (A) The immunohistochemical staining of each group was 
conducted to detect the expression of ARHGAP24. The scale bar represented 200 μm. (B) WB assay of each group was conducted to detect 
the expression of ARHGAP24. (C) Cartogram of the WB assay of ARHGAP24 expression. *, P<0.05 vs. control group; #, P<0.05 vs. model + 
sh-con group, n=3.

Control

Con
tro

l

Con
tro

l

model + sh-con

m
od

el 
+ sh

-c
on

m
od

el 
+ sh

-c
on

Model

M
od

el

M
od

el

model + sh-ARHGAP24

m
od

el 
+ sh

-A
RHGAP24

m
od

el 
+ sh

-A
RHGAP24

1.5

1.0

0.5

0.0

A
R

H
G

A
P

24
 e

xp
re

ss
io

n

ARHGAP24 

GAPDH

B

A

*

#

IL-1β, and IL-6 were typical pro-inflammatory cytokines 
reported to accelerate the vicious development of multiple 
inflammatory models, including acute pneumonia (24,25). 
We found that the levels of TNF-α, IL-1β, and IL-6 were 
significantly higher in the model group compared to the 
control group (P<0.05), implicating the worse inflammation 
reaction in the lungs of acute pneumonia. Simultaneously, 

the similar circumstances were observed in the model group 
transfected by a blank adenovirus vector. Most notably, 
overexpression ARHGAP24 significantly decreased the 
levels of TNF-α, IL-1β, and IL-6 (P<0.05). These statistics 
showed that ARHGAP24 might alleviate the development 
of acute pneumonia through relieving the inflammation 
reaction in the lungs.
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Figure 4 The effects of ARHGAP24 on the lung histopathological change and lung edema in the acute pneumonia rats. (A) The Hematein-
Eosin staining and histological score of each group. The scale bar represented 100 μm. (B) The BALF level of each group. (C) The protein 
leakage in the BALF of each group. (D) The lung wet/dry weight of each group. *, P<0.05 vs. control group; #, P<0.05 vs. model + sh-con 
group, n=3. BALF, broncho alveolar lavage fluid.

Figure 5 The effects of ARHGAP24 on the levels of inflammatory cytokines in the BALF of acute pneumonia rats. The pro-inflammatory 
level, including TNF-α, IL-1β, IL-6 of each group detected by ELISA assay. *, P<0.05 vs. control group; #, P<0.05 vs. model + sh-con group, 
n=3. BALF, broncho alveolar lavage fluid; TNF-α, tumor necrosis factor α; IL-1β, interleukin 1β; IL-6, interleukin-6; ELISA, ELISA, 
enzyme-linked immunosorbent assay.
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Figure 6 ARHGAP24 inactivates Rac1/Akt/NF-κB pathway in the lung tissues of acute pneumonia rats. The Rac1/Akt/NF-κB signal 
pathway-related protein expression via WB assay and statistical chart of each group in the lung. *, P<0.05 vs. control group; #, P<0.05 vs. 
model + sh-con group, n=3.

ARHGAP24 inactivates the Rac1/Akt/NF-κB pathway in 
the lung tissues of acute pneumonia rats

Since we have proved the protective effect of ARHGAP24 
in the inflammation of lung BALF and pulmonary edema, 
we followed with investigating the underlying mechanism 
by measuring the inflammation-related protein expression 
by WB analysis. Therefore, the expression of Rac1, AKT, 
and p65, and their activated forms, including active Rac1, 
p-AKT, and nuclear p65 were respectively evaluated by WB 
analysis (Figure 6). The ratio of activated Rac1 and Rac1, 
p-AKT and AKT, nuclear-p65, and p65 were respectively 
represented the activated degree of Rac1, AKT, and NF-
KB. A higher level of ratio of activated Rac1 and Rac1, 
p-AKT and AKT, nuclear-p65, and p65 were observed in 
the model group compared to the control group (P<0.05), 
implicated the highly activated of inflammation in acute 
pneumonia. Simultaneously, the elevated level of ratio of 
activated Rac1 and Rac1, p-AKT and AKT, nuclear-p65, 
and p65 was observed in the model group transfected by 

adenovirus vector. Most surprising, a noticeable reduction 
was presented in the model groups transfected by containing 
ARHGAP24 adenovirus (P<0.05), which indicated the 
suppressed effect of ARHGAP24 in the Rac1, AKT, and 
NF-KB signal pathway. From the above statistics, we can 
conclude that ARHGAP24 mitigated the development of 
acute pneumonia through inhibiting the Rac1/Akt/NF-κB 
pathway.

Discussion

Acute pneumonia is  the most contagious disease, 
characterized by an acute inflammatory reaction that 
leads to lung injury and a series of respiratory injuries 
(26,27). Until today, oriented-inflammation therapy is 
still limited. We found that ARHGAP24 was down-
regulated in the pseudomona aeruginosa induced-acute 
pneumonia. Thus, we hypothesized that there might be a 
close relation between ARHGAP24 and the progression of 
acute pneumonia. Then, we successfully overexpressed the 
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ARHGAP24 via adenovirus-mediated transfection in rats 
of acute pneumonia. Immediately after that, we conducted 
pathological analysis and inflammatory degree evaluation in 
the BALF. Therefore, the overexpression of ARHGAP24 
inhibited the edema, bleeding, inflammatory evidenced by 
decreasing BALF exudate volume, protein leakage, and lung 
W/D weight ratio. This discovery might offer a promising 
study direction for acute pneumonia therapy.

ARHGAP24 is a Rac-specific Rho GTPase-activating 
protein, widely reported functional in a series of tumors (27).  
In clinical, a favorable overall survival accompanied 
the high ARHGAP24 expression in patients with  
astrocytoma (28). The overexpression of ARHGAP24 
could result in an enhancement in cell apoptosis, followed 
by a high expression of p53 and bax (29). Also, the 
overexpression of ARHGAP24 inhibited cell invasion and 
elevated cell apoptosis in renal cancer (30). Importantly, a 
recent study reported that overexpression of ARHGAP24 
remarkably inhibited cell proliferation and elevated cell 
apoptosis via suppressing the activity of RhoA and Rac1 
in lung cancer (31). What is more, the expression of 
ARHGAP24 might participate in the Lung endothelial 
barrier disruption in Lyl1-deficient mice (32). There are few 
research about the effect of ARHGAP24 in the acute lung 
injury-induced by pseudomonas aeruginosa. Our report 
firstly demonstrated that overexpression of ARHGAP24 
mitigated the inflammation by decreasing levels of 
inflammatory cytokines, including TNF-α, IL-1β, and IL-6 
in the BALF in the rats of acute pneumonia. Thus, the anti-
inflammatory effect of ARHGAP24, to no insignificant 
extent, was achieved through Rac1.

Rac1 is the critical regulator in the inflammation signal 
network. Akt is a type of protein kinase B, also known 
as PKB or Rac, playing a crucial role in cell survival and 
apoptosis. The previous study has shown the vital effect 
of Rac1 and Akt in regulating cell invasion, migration, 
and differentiation in cancer development. It was worth 
noting the engagement of Rac1/Akt in the inflammation 
relevant signal way regulation. Inhibition of STAT1 and 
STAT3 exerted the anti-inflammatory effect by Rac1  
inactivation (33). Activation of Rac GTPase resulted in 
an elevated level of anti-inflammatory cytokine IL-10 
and a reduced level of pro-inflammatory, including IL-6 
and TNF-α. Specific inactivation of RhoA/Cdc42/Rac1 
deceased the NF-κB p65 phosphorylation, the transcription, 
and translation of the IL-6/TNF-α gene in LPS-induced 
sepsis (34).

Moreover, the overexpression of miR-126 decreases the 
serum level of IL-6 and TNF-α via regulating Rac1/Akt in 
sepsis (35). IL-6 and TNF-α were regulated by the NF-κB 
and could recruitment macrophages to the inflammatory 
sites and contributed to the secretion of cell cohesion 
molecules that led to the infiltration of neutrophils. Many 
active ingredients have set the NF-κB Signal Pathway 
as a target to reduce inflammatory symptoms in acute 
lung injury (36,37). The activation of Rac1/Akt and NF-
κB might be the prime culprit in the inflammation in 
acute pneumonia. In our article, we observed that the 
inactivation of Rac1/Akt /NF-κB, and consequently reduced 
the inflammatory cytokine level after overexpression of 
ARHGAP24. Thus, we can conclude that ARHGAP24 
ameliorates inflammatory response through inactivating the 
Rac1/Akt/NF-κB pathway in the acute pneumonia model of 
the rat. This relevant signal pathway in the overexpression 
of ARHGAP24 might be more than that. Thus, there 
still needs most of the research to explore the underlying 
mechanism.

Our research only dedicated to in vivo research, but not 
on in vitro research. Alveolar epithelium was an important 
structure involved in the mechanism of acute lung injury 
and rehabilitation. Increased alveolar epithelial cell (AEC) 
permeability was a pathological feature of lung injury, 
resulting in pulmonary edema, increased permeability of 
the epithelial barrier, and increased airway inflammation. 
Tissue immunolocalization by IHC though co-staining the 
SPC, the biomarker of AEC, and ARHGAP24 revealed 
that the expression distribution of ARHGAP24 was 
highly coincident with the expression distribution of SPC  
(Figure 7) .  This data verified our hypothesis that 
ARHGAP24 majorly expressed in the AEC. We suggested 
that the anti-inflammatory effect of ARHGAP24 in the 
progression of acute pneumonia in the lung tissue might 
be equally applicable to AEC. In order to verify the 
mechanism, we should investigate the anti-inflammatory 
ability of ARHGAP24 in the AEC in the further.

In summary, ARHGAP24 was showed to take part in 
regulating inflammation in rats of acute pneumonia induced 
by pseudomonas aeruginosa. ARHGAP24 can ameliorate 
inflammatory response, shown by decreasing the level of 
IL-6 and TNF-α through inactivating Rac1/Akt/NF-κB 
pathway. Overexpression of ARHGAP24 also decreased 
the pathological grades, BALF volume, and protein 
leakage. Therefore, our study supplied a new target for 
acute pneumonia therapy and broadened the ARHGAP24 
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research field.
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