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Abstract

Introduction: Neonatal sepsis (NS) seriously threatens the health of infants. Coactosin-like protein 1 
(COTL1) is a binding protein of F-actin and 5-lipoxygenase which is known to regulate the progression 
of neonatal sepsis. Nevertheless, the function of COTL1 in NS is not clear.

Material and methods: An in vivo model of NS was established using cecal slurry (CS). H&E 
staining was applied for observing the severity of lung injury in tissues of mice. MTT assay was applied 
for determining cell viability, and the inflammatory factors were examined using ELISA. Apoptosis was 
assessed via flow cytometry. Superoxide dismutase (SOD), malondialdehyde (MDA) and glutathione 
(GSH) levels were assessed by commercial kits. The interaction between basic leucine zipper ATF-like 
transcription factor (BATF) and COTL1 was verified using dual luciferase reporter and chromatin 
immunoprecipitation (ChIP) assay.

Results: COTL1 knockdown alleviated the progression of NS-induced lung injury. COTL1 knock-
down enhanced the viability and decreased interleukin (IL)-6 and IL-1β levels in lipopolysaccharides 
(LPS)-stimulated pulmonary microvascular endothelial cells. Silencing of COTL1 inhibited LPS induced 
apoptosis and oxidative stress. More importantly, BATF activated MAPK/NF-κB signaling through 
transcriptionally upregulating COTL1. Furthermore, BATF improved the LPS-induced inflammatory 
response and apoptosis in pulmonary microvascular endothelial cells through mediation of COTL1.

Conclusions: BATF knockdown alleviated NS-induced lung injury by activating the MAPK/NF-κB 
pathway via transcriptionally upregulating COTL1 expression.
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Introduction
Neonatal sepsis (NS) is systemic disease which is in-

duced by viral, fungal or bacterial infections, and it ranks 
third among the leading cause of neonatal death [1, 2]. 
The symptom of NS includes systemic inflammation and 
multi-organ dysfunction [3]. In addition, the progression 
of sepsis tends to spread to the lung, and lung injury is 
the main feature of sepsis [4, 5]. Although various efforts 
have been made for the treatment of sepsis, the mortality 
of patients with sepsis remains high due to septic lung in-
jury [6]. Hence, there is an urgent need to discover a novel 
method for alleviating the lung injury in NS.

Coactosin-like protein 1 (COTL1) is a cytoskeleton- 
associated protein with critical roles in cell migration, ad-
hesion, and signaling, which is involved in the progression 
of tumors and inflammation [7]. For instance, Xia et al. 
reported that COTL1 suppressed breast carcinoma 
cell proliferation [8]; Tan et al. found that silencing 

of COTL1 could ameliorate myocardial ischemia/reper-
fusion injury [9]. The previous report indicated that sep-
sis is induced by inflammation [10], and upregulation 
of COTL1 could lead to inflammatory responses [11]. 
Meanwhile, the level of COTL1 was upregulated in se-
rum of patients with sepsis [12]. Nevertheless, the de-
tailed function of COTL1 in NS needs further analysis. 
On the other hand, MAPK/NF-κB (mitogen-activated 
protein kinase/nuclear factor κB) signaling was found to 
be a vital modulator in malignant tumors and inflamma-
tion [13, 14]. More importantly, MAPK/NF-κB acts as 
a modulator in sepsis [15]. The relation between MAPK/
NF-κB and lung injury (or inflammation) has been previ-
ously illustrated. For instance, forsythiaside A could at-
tenuate lung injury via suppressing inflammation through 
regulation of MAPK/NF-κB signaling [16]; fusidic acid 
derivatives attenuated injury in the lung by suppressing 
the MAPK/NF-κB pathway [17]. Meanwhile, it was re-
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vealed that knockdown of COTL1 could inactivate the  
NF-κB and MAPK pathway to inhibit the progression 
of breast cancer [8]. Nevertheless, the association between 
COTL1 and MAPK/NF-κB in NS is unexplored.

After that, the upstream mechanism of COTL1 in NS 
was explored. Transcriptional factors often play vital roles 
in diseases through regulating the downstream mRNAs 
[18, 19]. In addition, basic leucine zipper ATF-like tran-
scription factor (BATF) is a transcriptional factor which 
can regulate the progression of multiple diseases via mod-
ulating the downstream targets. For example, BATF could 
repress BIM to sustain tolerant T cells in the periphery 
[20]; BATF relieved hepatic steatosis by inhibiting PD1 
and promoting energy metabolism [21]. Meanwhile, pre-
vious research found that BATF could aggravate sepsis- 
associated liver injury through transcriptional enhance-
ment of GBP-5 [22]. BATF has been reported to inhibit 
lung injury [23], and it could also suppress the inflamma-
tory response in hepatic steatosis [21]. The prediction of  
JASPAR indicated that COTL1 had binding sites with 
BATF, while the detailed relation between BATF and 
COTL1 in NS remains largely unknown.

Collectively, it is hypothesized BATF might aggra-
vate NS-induced lung injury through transcriptionally en-
hancing COTL1 to activate MAPK/NF-κB signaling. This 
research might provide a new therapeutic target against 
septic lung injury.

Material and methods

In vivo experiments

C57BL/6 mice (5-7 days old, n = 6 per group) originat-
ed from Chinese Academy of Science (Shanghai, China). 
In addition, mice were assigned to Sham, cecal slurry (CS), 
CS + sh-NC and CS + sh-COTL1 groups. To mimic NS 
in vivo, mice were administered CS according to the pre-
vious report [24] (Supplementary Figure 1). For preparing 
CS, C57BL/6 mice (11-13 weeks old; 3 male and 3 fe-
male) were euthanized using CO

2
 inhalation. Cecotomy 

and laparotomy were applied for collecting cecal contents. 
Dextrose (5%; Sigma, St. Louis, MA, USA) was applied 
for suspending the cecal contents in 90 mg/ml saline af-
ter weighing. Next, the CS was filtered to remove large 
particles, then the CS was frozen and stored at –80°C. 
To induce sepsis, neonates were kept at 37°C. Mice were 
anesthetized using isoflurane (2.5%, Beyotime, Shanghai, 
China) after CS was delivered through intraperitoneal 
injection. Sham mice were administered a similar proce-
dure except for the injection of normal saline. After that, 
septic neonates in the treatment group received the adeno-
virus solution (100 μl, 1 × 1011 PFU) carrying sh-NC or 
sh-COTL1 intravenously at 1 h after CS injection. Lung 
tissues and blood samples were obtained 20 h after CS 
administration. All these procedures were performed as de-

scribed previously [24]. The study was approved by Hubei 
Center for Disease Control and Prevention Laboratory An-
imal Management and Use Committee (No. 202310149).

Hematoxylin and eosin staining

Formalin (10%) was employed to fix tissues for 10 min, 
and then the tissues were embedded in paraffin. Next, tis-
sues were cut into 5 μm-thickness sections, and then hema-
toxylin and eosin (H&E, Beyotime, Shanghai, China) was 
used to stain the sections. Light microscopy (Olympus,  
Tokyo, Japan) was applied for evaluation of the slides 
in order to evaluate lung injury degree. The scoring sys-
tem was applied by a clinician with bind evaluation [25]. 
The lung injury score was calculated as the sum of the in-
dividual score grades from 0 (minimum) to 1 (mild),  
2 (moderate), 3 (severe), and 4 (maximum) for the following 
three items: thickness of the alveolar walls, infiltration, and 
aggregation of inflammatory cells, ranging from 0 to 12.

Cell culture and identification

Pulmonary microvascular endothelial cells were isolat-
ed from mice according to the recent literature [26]. Then, 
cells were resuspended and transferred to a flask (T-75). 
Complete growth medium (7 ml) was added, and then 
cells were incubated in conditions of 37°C and 5% CO

2
. 

The media were replaced every 2-3 days. The complete 
growth medium was basal medium supplemented with  
100 μg/ml heparin, 100 μg/ml endothelial cell growth sup-
plement, 1× non-essential amino acids and 1 mM sodi-
um pyruvate (Sigma). The basal medium was Dulbecco’s 
Modified Eagle Medium with 4,500 mg/l glucose and  
4 mM L-glutamine (DMEM, Invitrogen, USA) supple-
mented with 20% (v/v) heat-inactivated fetal bovine serum 
(FBS, Gibco, USA), 100 U/100 μg/ml penicillin/strepto-
mycin (Sigma), and 25 mM HEPES (Sigma). The isolated 
cells were identified by microscopy and flow cytometry.

Phenotypic characterization of primary 
pulmonary microvascular endothelial cells

Primary pulmonary microvascular endothelial cells 
were phenotypically characterized by flow cytometry on 
a FACSCalibur instrument (BD, Shanghai, China) using 
the following fluorescein (FITC) and phycoerythrin (PE) 
conjugated antibodies: CD102 (BD Bioscience, clone 
MEC 13.3) and CD31 (BD Bioscience, clone 3C4). Ap-
propriately labeled isotype-matched immunoglobulins 
were used as negative controls. Briefly, 1 × 105 viable cells 
were incubated with the indicated antibodies for 30 min 
at 4°C in the dark. Following a washing step in PBS/FCS 
(10%) cells were analyzed on a FACSCalibur instrument. 
Dead cells were excluded from the analysis by a propidi-
um iodide co-staining and gating strategy. To mimic NS 
in vitro, cells were treated with lipopolysaccharides (LPS; 
100 ng/ml, Sigma) for 24 h [27]. 
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Cell transfection

Pulmonary microvascular endothelial cells were trans-
fected with adenovirus carrying sh-NC (GenePharma, 
Shanghai, China) or sh-COTL1 (GenePharma), plasmids 
containing sh-BATF (GenePharma), pcDNA3.1 (oe-NC) 
or pcDNA3.1-COTL1 (oe-COTL1) using Lipofectamine 
2000 (Invitrogen, Shanghai, China) for 24 h. The transfec-
tion of cells was observed using an inverted fluorescence 
microscope (Nikon, Tokyo, Japan) and photographed for 
recording. In detail, transfection efficiency was evaluated 
24 h later. COTL1 shRNA, as well as the negative control, 
was added to the transfected cells 72 h after GFP expres-
sion. Each well received 10 μl of COTL1 shRNA or neg-
ative control diluted in 100 μl of sterile water. The GFP 
level was monitored over the next 24 h.

MTT assay

Cells (3 × 105 cells each well) were seeded overnight. 
After that, cells were treated with MTT reagent (20 μg/ml, 
10 μl; Beyotime) for 2 h, and then 200 μl of supernatants 
were replaced with the same volume of DMSO. Cell ab-
sorbance (490 nm) was analyzed using a microplate reader 
(Nikon, Tokyo, Japan). The principle for MTT assay was 
as follows: Succinate dehydrogenase in the mitochondria 
of living cells can reduce exogenous MTT to water-in-
soluble blue-violet crystalline formazan and deposit it in 
the cells, while dead cells do not have this function. Di-
methyl sulfoxide (DMSO) can dissolve dirty cells, and its 
light absorption value was measured at 490 nm by enzyme 
immunoassay, which can indirectly reflect the number 
of living cells.

ROS detection

For the purpose of examining the reactive oxygen 
species (ROS) levels, cells were centrifuged for 10 min  
(1000 g). Then, cell supernatants were incubated with 
DCFH-DA (10 μM, BD) for 30 min after being collected. 
Results were imaged with a fluorescent microscope (Nikon, 
Tokyo, Japan). 

Cell apoptosis detection

Cells were resuspended after centrifugation. Next, 
PI (5 μl) and FITC (5 μl) were applied to stain cells for  
15 min. Flow cytometry (FACScan, ZS-AE7S; BD, 
Shanghai, China) was employed for analysis of apoptosis.

ELISA

Interleukin 1β and IL-6 levels were assessed using an 
enzyme-linked immunosorbent assay (ELISA) kit (Abcam, 
Shanghai, China). In detail, primary antibodies were em-
ployed for pre-coating plates overnight. FBS (10%) was 
used in blocking the plates for 1 h after removing super-
natants. Next, samples were added to the plates for 2 h. 

Subsequently, we replaced supernatants with secondary 
antibodies (Goat Anti-Rabbit IgG, cat.no ab6728, Abcam, 
1 : 1000). After incubation, supernatants were removed, 
and plates were exposed to HCL (10 nM). Finally, cell 
absorbance was determined at 490 nm using a microreader 
(Invitrogen). The information of primary antibodies was 
as follows: anti-IL-1β (cat. no ab241673, Abcam, 1 : 200), 
anti-IL-6 (cat. no ab222503, Abcam, 1 : 200).

Biochemical analysis

Malondialdehyde (MDA) and superoxide dismutase 
(SOD) levels in cells or lung tissues of mice were assessed 
using biochemical kits (MultiSciences Lianke Biotech Co., 
Ltd) in accordance with the protocol of the manufacturer.

Chromatin immunoprecipitation assay

The binding of COTL1 with BATF was assessed using 
the EZ-ChIP Kit. Formaldehyde was applied in incubating 
cells to obtain DNA-protein crosslinks. After DNA frag-
mentation, BATF (1 : 50, cat. no #3244, Santa Cruz, MA, 
USA) or IgG (1 : 50, cat. no ab172730, Abcam) antibody 
was applied in immunoprecipitating samples. Finally, 
western blot was applied to investigate precipitated chro-
matin.

Dual luciferase report assay

The prediction of JASPAR (https://jaspar.elixir.no/) 
indicated that BATF had binding sites with the COTL1 
promoter. The sequences of COTL1 containing the sites 
of BATF were amplified and cloned into the pGBKT7.
PRL-3 Dual-Luciferase Vectors (Promega Corpora-
tion, Shanghai, China) to construct COTL1-WT vectors. 
The mutant (MUT) COTL1 sequence involving binding 
sites of BATF were generated with the Mutagenesis kit 
(Q5 Site-Directed) to construct COTL1-MUT. COTL1-
WT or COTL1-MUT vector was added into cells with sh-
BATF or sh-NC with Lipofectamine 2000 (Invitrogen). 
After incubation for 48 h, Lipofectamine 2000 (Invitrogen) 
was employed for detection of luciferase activity. Renilla 
luciferase activity was used for normalizing data.

RT-qPCR

Total RNA was isolated from cells or tissues using 
TRIzol Reagent (Takara, Tokyo, Japan). PrimeScript RT 
(cat. no. R312; Vazyme Biotech Co., Ltd.) was employed 
in synthesizing cDNA. SYBR Green (Beyotime) was used 
in RT-qPCR detection with the ABI7500 system (Applied 
Biosystems Inc., USA). RT-qPCR was applied as follows: 
94°C for 2 min, followed by 35 cycles (94°C for 30 s and 
55°C for 45 s). The 2-DDCT method was applied for data 
quantification. Primers originated from GenePharma. 
COTL1: F: 5’-AACTGTGACAACACACCCGT-3’ and 
R: 5’-CCTGTCTTGGCCACAGATGAT-3’. β-actin:  
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F: 5’-CATCCGTAAAGACCTCTATGCCAAC-3’ and  
R: 5’-ATGGTGCCACCGATCCACA-3’.

Western blot

RIPA (Beyotime) was employed in isolating protein. 
A BCA kit (Invitrogen) was applied for calculating pro-
tein concentration. Subsequently, SDS-PAGE (10%) was 
employed for separating the proteins, and then separated 
proteins were transferred onto PVDF membranes (Bey-
otime). Primary antibodies were applied for incubation 
of the membranes overnight after blocking for 1 h. Second-
ary anti-rabbit antibody (Abcam; 1 : 5000) was employed 
for incubation of the membranes for 1 h. The Odyssey Im-
aging System was used in scanning the membranes and 
Odyssey v2.0 was used in analyzing the data. Primary anti- 
bodies were as follows: anti-COTL1 (cat. no. ab235833, 
1 : 1000), anti-cleaved caspase 3 (cat. no. ab214430,  
1 : 5000), anti-pro-caspase (cat. no. ab32499, 1 : 10000) 
anti-Bcl-2 (cat. no. ab182858, 1 : 2000), anti-Bax (cat. no. 
ab32503, 1 : 1000), anti-p38 (cat. no. ab31828, 1 : 1000), 
anti-p-p38 (cat. no. ab195049, 1 : 1000), anti-p65 (cat. no. 
ab32536, 1 : 1000), anti-p-p65 (cat. no. ab76302, 1 : 1000) 
and anti-GAPDH (cat. no. ab8245, 1 : 1000). All antibod-
ies originated from Abcam (Shanghai, China).

Statistical analysis 

Three independent experiments were applied in each 
group and mean ± standard deviation (SD) was employed 
for expressing the data. Student’s t-test (only 2 groups) 
or one-way analysis of variance (ANOVA) followed by 
Tukey’s test (more than 2 groups) was applied to analyze 
the differences. SPSS 20.0 (NIH, USA) was used for data 
analysis. P < 0.05 was considered to indicate a significant 
difference.

Results

COTL1 silencing alleviated lung injury  
in septic neonates

It was reported that the level of COTL1 was upregu-
lated in patients with sepsis [12]. Thus, to detect the func-
tion of COTL1 in NS, an animal study was employed. As 
shown in Supplementary Figure 2, the lung tissues in sham 
mice appeared pink with no congestion or edema; howev-
er, CS treatment significantly enhanced the volume of lung 
tissues, transformed pink to dark red and increased the con-
gestion and edema. CS treatment significantly induced 
thickening of lung septa with inflammatory infiltration and 
increase of lung injury scores, while silencing of COTL1 
significantly rescued this phenomenon (Fig. 1A, B). 
Additionally, COTL1 level in lung tissues of septic neo-
nates was significantly upregulated after CS treatment, but 
it was partially abolished by COTL1 shRNA (Fig. 1C, D). 

Consistently, CS upregulated interleukin (IL)-1β and IL-6 
levels in mice, which was markedly inhibited after silenc-
ing of COTL1 (Fig. 1E). In contrast, CS administration 
significantly induced the downregulation of SOD activity 
and upregulation of MDA level, while the impact of CS 
treatment was overturned by sh-COTL1 (Fig. 1F). Fur-
thermore, CS administration greatly increased the ratio 
of cleaved caspase-3/pro-caspase 3 and the level of Bax 
and decreased the expression of Bcl-2 in tissues of septic 
neonates (Fig. 1G). Nevertheless, the effect of CS treat-
ment on these three proteins was attenuated by downreg-
ulation of COTL1 (Fig. 1G). Collectively, knockdown 
of COTL1 attenuated lung injury in septic neonates.

Silencing of COTL1 markedly alleviated  
LPS-induced inflammatory responses 

Primary pulmonary microvascular endothelial cells 
were identified using microscopy and flow cytometry. As 
shown in Figure 2A, the isolated cells exhibited a cobble-
stone shape, and it was consistent with the feature of endo-
thelial cells. In addition, the proportion of cells that stained 
positively for CD31 and CD102 (two markers of endothelial 
cells) was nearly 91.08% (Fig. 2B). Next, the fluorescence 
microscope was used to detect the transfection efficiency. 
As expected, about 85% of cells transfected with sh-COTL1 
and sh-NC exerted notable expression of GFP (Fig. 2C). 
Thus, it could be suggested sh-NC and sh-COTL1 were 
successfully transfected into cells. To further confirm 
the function of COTL1 in NS, cells were exposed to LPS. 
It was observed that the viability of cells was significantly 
reduced by LPS treatment, which was reversed by knock-
down of COTL1 (Fig. 2D). COTL1 level was significantly 
upregulated by LPS treatment, and sh-COTL1 reversed this 
phenomenon (Fig. 2E, F). Moreover, IL-1β and IL-6 levels 
in supernatants were markedly elevated by LPS treatment, 
which were abolished after COTL1 knockdown (Fig. 2G). 
Thus, knockdown of COTL1 alleviated LPS-induced in-
flammatory responses during the progression of NS.

Downregulation of COTL1 alleviated  
LPS-induced oxidative stress and apoptosis  
in pulmonary microvascular endothelial cells 

Next, the effect of COTL1 on oxidative stress and 
apoptosis of pulmonary microvascular endothelial cells 
was further explored. As illustrated in Figure 3A, LPS 
stimulation significantly increased the ROS level in cells, 
which was abolished by downregulation of COTL1. LPS 
significantly inhibited SOD activity and increased MDA 
level in cells, and sh-COTL1 partly inhibited the effect 
of LPS treatment (Fig. 3B). Moreover, LPS treatment 
greatly promoted cell apoptosis, which was inhibited by 
silencing of COTL1 (Fig. 3C). Finally, LPS treatment 
greatly elevated the level of Bax and the ratio of cleaved 
caspase-3/pro-caspase 3 and decreased the expression 
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Fig. 2. Silencing of COTL1 markedly reversed LPS-
caused inflammatory responses. Pulmonary microvascular 
endothelial cells were obtained from septic neonates, and 
then exposed to LPS, LPS + sh-NC or LPS + sh-COTL1.  
A) The isolated cells were identified using microscopy.  
B) The isolated cells were phenotypically characterized 
using flow cytometry. C) The transfection efficiency was 
observed under a fluorescence microscope. D) Cell viabil-
ity was determined using MTT assay. E) The expression 
of COTL1 was tested using RT-qPCR. F) The protein level 
of COTL1 in cells was determined using western blot.
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of Bcl-2 in cells, and sh-COTL1 markedly reversed this 
phenomenon (Fig. 3D). Taken together, downregulation 
of COTL1 alleviated LPS-caused oxidative stress and 
apoptosis in pulmonary microvascular endothelial cells.

BATF could activate MAPK/NF-κB signaling 
through transcriptionally upregulating COTL1

Subsequently, we further investigate the upstream 
underlying function of COTL1 in NS. The data showed 
that BATF had binding sites with the COTL1 promoter  
(Fig. 4A). Next, ChIP and dual luciferase assays were ap-
plied to confirm the relation between BATF and COTL1. 
In Figure 4B, the enrichment of COTL1 was markedly ele-
vated by BATF. Additionally, luciferase activity in COTL1-
WT was significantly downregulated by sh-BATF, while 
BATF silencing had a limited influence on luciferase activ-
ity in COTL1-MUT (Fig. 4C). The levels of COTL1, p-p38 
and p-p65 in cells were markedly upregulated after LPS 
stimulation, an effect reversed by sh-BATF (Fig. 4D, E). 
The impact of sh-BATF was abolished by COTL1 over-
expression (Fig. 4D, E). In summary, BATF could tran-
scriptionally upregulate COTL1 via activation of MAPK/
NF-κB signaling.

BATF knockdown inhibited LPS-caused 
inflammatory responses, oxidative stress  
and apoptosis

To further confirm whether BATF could play a role 
in NS via regulation of COTL1, cells were treated with 
sh-BATF, and then exposed to oe-COTL1. As indicated 
in Figure 5A, LPS treatment-inhibited cell viability was 
significantly reversed by sh-BATF, while the impact was 
abolished by oe-COTL1. Consistently, the pro-inflam-
matory effect of LPS treatment was significantly reduced 
by silencing of BATF, while oe-COTL1 partly weakened 
the anti-inflammatory effect of BATF shRNA (Fig. 5B). 
The effect of LPS on ROS, SOD and MDA was sup-
pressed by sh-BATF, which was abolished by oe-COTL1  

(Fig. 5C, D). Furthermore, knockdown of BATF could in-
hibit the apoptotic effect of LPS on pulmonary microvascu-
lar endothelial cells by regulating Bax, Bcl-2 and the ratio 
of cleaved caspase-3/pro-caspase 3, while COTL1 upregula-
tion abolished this impact of BATF knockdown (Fig. 5E, F). 
To sum up, BATF knockdown inhibited LPS-caused in-
flammatory responses, oxidative stress and apoptosis.

Discussion
Progression of NS seriously threatens the health of in-

fants, and the survival rate of NS patients still remains low 
[28]. In addition, lung injury is a major cause of sepsis 
that seriously threatens the health of patients with sepsis 
[29]. Thus, it is necessary to explore new therapeutic strat-
egies for alleviating lung injury in NS. This study found 
that knockdown of BATF could transcriptionally regulate 
COTL1 to exert its pro-septic function through MAPK/
NF-κB signaling. Hence, our study is the first to illustrate 
the function of COTL1 in NS, which provided a new in-
sight into exploring a therapeutic target against NS.

It was demonstrated that COTL1 could bind to 5-lip-
oxygenase and F-actin, which is involved in inflammation 
and cancer [30, 31]. In addition, this research revealed 
that COTL1 inhibited LPS-induced oxidative stress and 
inflammation. COTL1 is involved in sepsis progression 
and lung injury. For example, COTL1 level was positively 
associated with the severity of NS [32], but the function 
of COTL1 in NS is not clear. Consistently, our finding 
demonstrated that COTL1 silencing attenuated lung injury 
in septic neonates. In a previous study, CS was used to 
establish the model of NS [33]. Thus, CS was selected for 
constructing an in vivo model of NS in our research. More-
over, silencing of COTL1 alleviated LPS-induced inflam-
matory responses in pulmonary microvascular endothelial 
cells of septic neonates. Collectively, COTL1 is closely 
correlated with the progression of NS. Moreover, MAPK/
NF-κB activation could lead to progression of NS, and its 
upregulation could also induce inflammation and oxida-

Fig. 2. Cont. G) IL-1β and IL-6 levels in supernatants 
were assessed using ELISA. Three replicated experi- 
ments were performed in each group. *p < 0.05, **p < 0.01, 
***p < 0.001
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Fig. 3. Downregulation of COTL1 al-
leviated LPS-induced oxidative stress 
and apoptosis in pulmonary microvas-
cular endothelial cells. A) The ROS 
level of pulmonary microvascular 
endothelial cells was tested using 
a DCFH-DA kit. B) SOD and MDA 
levels were evaluated with commer-
cial kits. C) Cell apoptosis was inves-
tigated using flow cytometry 
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***p < 0.001
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Fig. 4. Cont. D) COTL1 level in cells was determined using RT-qPCR. E) COTL1, p38, p-p38, p65 and p-p65 levels 
in cells were investigated using western blot. Three replicated experiments were performed in each group. *p < 0.05,  
**p < 0.01, ***p < 0.001
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tive stress [34, 35]. Remarkably, our research revealed that 
overexpression of COTL1 could aggravate the progression 
of NS through activating MAPK/NF-κB signaling.

BATF is a transcriptional factor which participates in 
inflammation and lung injury [23, 36], and it is confirmed 
to be a key mediator in sepsis [22]. In addition, it was re-
vealed that BATF could regulate the progression of mul-
tiple diseases through transcriptional regulation with its 
downstream mRNAs. For instance, Zhang et al. found that 
BATF could relieve the development of hepatic steatosis 
through inhibiting PD1 [21]; BATF could stabilize Th17 
cell development through transcriptionally upregulating 
STAT5 [37]. Consistently, this research found that BATF 
could transcriptionally upregulate COTL1 expression. 
Moreover, sh-BATF could inhibit oxidative stress, apop-
tosis and inflammatory responses. Our study is the first 
to illustrate the relationship between BATF5 and COTL1 

in NS. Indeed, the present study will be strengthened in 
clinical practice if conditions permit in future. Meanwhile,  
it is worth exploring whether MAPK/NF-κB signaling can 
affect COTL1-mediated NS progression. Hence, more in-
vestigations are essential in future.

In summary, BATF silencing alleviates lung injury 
in septic neonates through transcriptional upregulation 
of COTL1. Thus, this study might provide a new theo-
retical basis for discovering new therapeutic methods in 
clinical practice.

Funding

This research was supported by the Nature Science 
Foundation of Changsha City (kq2202499).



Central European Journal of Immunology 2024; 49(3)

Jihui Zhang, Huimin Jiang

248

R
el

at
iv

e 
ce

ll 
vi

ab
ili

ty
 (

%
)

C
el

lu
la

r 
R

O
S 

le
ve

l

150

100

50

0

4

3

2

1

0

Control

Control

LPS

LPS

LPS + 
sh-NC

LPS + 
sh-NC

LPS + 
sh-BATF

LPS + 
sh-BATF

LPS + 
sh-BATF 
+ oe-NC

LPS + 
sh-BATF 
+ oe-NC

LPS + 
sh-BATF + 
oe-COTL1

LPS + 
sh-BATF + 
oe-COTL1

IL
-1

β 
le

ve
l (

pg
/m

l)

200

150

100

50

0
Control LPS LPS + 

sh-NC
LPS + 

sh-BATF
LPS + 

sh-BATF 
+ oe-NC

LPS + 
sh-BATF + 
oe-COTL1

A

IL
-6

 le
ve

l (
pg

/m
l)

40

30

20

10

0
Control

Control

LPS

LPS

LPS + 
sh-NC

LPS + sh-NC

LPS + 
sh-BATF

LPS + sh-BATF

LPS + 
sh-BATF 
+ oe-NC

LPS + sh-BATF  
+ oe-NC

LPS + 
sh-BATF + 
oe-COTL1

LPS + sh-BATF  
+ oe-COTL1

B

C

Fig. 5. BATF knockdown could inhibit LPS-caused inflammatory responses, oxidative stress and apoptosis. Pulmonary 
microvascular endothelial cells were obtained from septic neonates, and then treated with LPS, LPS + sh-NC, LPS  
+ sh-BATF, LPS + sh-BATF + sh-NC or LPS + sh-BATF + sh-COTL1. A) Cell viability was assessed using MTT assay. 
B) IL-1β and IL-6 levels in cell supernatants were evaluated using ELISA. C) ROS level of pulmonary microvascular 
endothelial cells was tested using a DCFH-DA kit 



Central European Journal of Immunology 2024; 49(3)

COTL1 silencing alleviates lung injury in septic neonates

249249

SO
D

 (
U

/m
g 

pr
ot

ei
n)

M
D

A
 (

mM
/m

g)

50

40

30

20

10

0

5

4

3

2

1

0
Control LPS LPS + 

sh-NC
LPS + 

sh-BATF
LPS + 

sh-BATF 
+ oe-NC

LPS + 
sh-BATF + 
oe-COTL1

Control LPS LPS + 
sh-NC

LPS + 
sh-BATF

LPS + 
sh-BATF 
+ oe-NC

LPS + 
sh-BATF + 
oe-COTL1

D

Fig. 5. Cont. D) SOD and MDA levels in cells were deter-
mined with commercial kits. E) The apoptotic cells were 
analyzed using flow cytometry 

107

107

107

107

107

107

106

106

106

106

106

106

105

105

105

105

105

105

104

104

104

104

104

104

103

103

103

103

103

103

102

102

102

102

102

102

102 	 103 	 104 	 105 	 106 	 107

102 	 103 	 104 	 105 	 106 	 107

102 	 103 	 104 	 105 	 106 	 107

102 	 103 	 104 	 105 	 106 	 107

102 	 103 	 104 	 105 	 106 	 107

102 	 103 	 104 	 105 	 106 	 107

0.52%

1.27%

2.61%

1.28%

2.33%

2.49%

94.46%

87.21%

73.62%

86.97%

74.54%

75.24%

1.91%

6.35%

15.36%

6.66%

14.97%

14.24%

3.09%

5.17%

8.41%

5.09%

8.16%

8.03%

Control

LPS + sh-BATF

E LPS

LPS + sh-BATF + oe-NC

LPS + sh-NC

LPS + sh-BATF + oe-COTL1

A
po

pt
os

is
 r

at
e 

(%
)

25

20

15

10

5

0
Control LPS LPS + 

sh-NC
LPS + 

sh-BATF
LPS + 

sh-BATF 
+ oe-NC

LPS + 
sh-BATF + 
oe-COTL1

Annexin V

P
I



Central European Journal of Immunology 2024; 49(3)

Jihui Zhang, Huimin Jiang

250

Fig. 5. Cont. F) The protein expression levels of Bax, cleaved caspase 3, pro-caspase 3 and Bcl-2 in cells were tested 
using western blot. Three replicated experiments were performed in each group. *p < 0.05, **p < 0.01, ***p < 0.001
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