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Abstract:
Background: Inflammation and apoptosis contribute to the development of
sepsis-induced acute kidney injury. Annexin A1 (ANXA1) is the calcium-dependent
phospholipid-binding protein known to play an important role in a variety of cellular
functions, including inflammation, apoptosis, migration and proliferation. However,
the effect of ANXA1 on sepsis-induced acute injury has not been reported. Herein, we
investigated the role and underlying mechanism of the mimetic peptide Ac2-26 of
annexin A1 in sepsis-induce acute kidney injury in vivo and in vitro.
Methods: In vivo, a mouse model was established by cecal ligation and puncture
(CLP), and the Ac2-26 peptide of ANXA1 (1 mg/kg) was intraperitoneally
administered 2 hours before CLP. In vitro, A model of HK-2 cells was established by
treatment with 10 μg/ml lipopolysaccharide (LPS), and the Ac2-26 peptide of ANXA1
(0.5 μmol/L) was administered 2 hours before LPS. The kidney function of mice
detected by Elisa. The kidney tissue was examined by HE and TEM. The
inflammatory cytokines and apoptotic molecules were measured by PCR, Elisa,
Western blotting and Immunohistochemistry. The apoptosis was detected by TUNEL
and flow cytometry.
Results: The studies demonstrated that ANXA1 markedly improved kidney function
and kidney tissue injury and enhanced 7-day survival in CLP-induced septic mice,
which was accompanied by a significant decrease the inflammatory molecules.
ANXA1 obviously downregulated the apoptosis-associated proteins and inhibited
apoptosis in kidney tissue in vivo. In vitro studies showed that ANXA1 increased the
viability of HK-2 cells, reduced the levels of the inflammatory molecules,
downregulated the apoptosis-associated proteins Bax, upregulated the antiapoptotic
protein Bcl-2 and inhibited the apoptosis of HK-2 cells.
Conclusions: The mimetic peptide Ac2-26 of annexin A1 protects against
sepsis-induced inflammation, apoptosis, and kidney dysfunction via regulating the
LXA4/PI3K/IKK-β/NF-κB signaling pathway.
Key words: Sepsis, Acute kidney injury, Inflammation, Apoptosis
Background
Currently, sepsis remains one of the leading clinical conditions in intensive care units
(ICU) and causes a huge economic burden worldwide [1]. The kidney is one of the
most vulnerable organs and is associated with severe complications in sepsis [2],
which is an important cause of Acute Kidney Injury (AKI) in ICU patients [3-4].
Septic AKI is associated with poor prognosis and high mortality in critically ill
patients [5-6]. Related studies have reported that the mortality rate of patients with



septic AKI is approximately twice as high as that of patients with sepsis without AKI
[7]. With advances in clinical treatment, such as fluid resuscitation and kidney
replacement therapy, these treatments may improve survival, but the mortality rate of
patients with AKI is still as high as 30% [8]. There is still no specific treatment for
septic AKI and its mechanisms are not fully understood.
Several studies have suggested that the pathogenesis of septic AKI is due to intrarenal
hemodynamic abnormalities, the inflammatory response, immune cell infiltration and
renal tubular cell apoptosis [6, 9-11]. Further research has found that the
inflammatory response and apoptosis in renal tissue are closely related to the
occurrence of septic AKI [12-13]. When the host has a severe bacterial infection, a
large increase in lipopolysaccharide (LPS) in the serum leads to a significant increase
in proinflammatory factors, which eventually induce tissue damage and organ failure
and is also known as sepsis [14]. LPS is an endotoxin that is produced by the outer
membrane of gram-negative bacteria. LPS has been widely used in sepsis and septic
kidney injury research [15].
Annexin A1 (ANXA1) is a member of the calcium-dependent phospholipid-binding
protein family of Annexins and is a 37 kDa protein composed of 346 amino acids
[16-17]. ANXA1 exhibits a variety of biological activities, such as regulation of the
inflammation, cell signal transduction, cell differentiation and apoptosis [18-19].
Previous reports suggest that ANXA1 activates the formyl peptide receptor 2-lipoxin
receptor (FPR2/ALX or lipoxin A4 receptor, LXA4) to exert biological functions
through the N-terminal region of the Ac2-26 peptide [17, 20-22]. In addition, related
studies have found that LXA4 suppresses the inflammatory response and tissue
apoptosis during sepsis in mice [22-24]. Therefore, ANXA1 may be beneficial in
sepsis-associated AKI by negatively regulating the inflammatory response and
apoptosis.
In this study, we hypothesized that the mimetic peptide Ac2-26 of ANXA1 has a
protective effect in septic AKI. To verify this hypothesis, we established mouse and
cell sepsis models by cecal ligation and puncture (CLP) surgery and LPS stimulation,
respectively, to investigate the effects and underlying molecular mechanisms of the
Ac2-26 mimetic peptide of ANXA1 in sepsis-induced AKI.
Materials and Methods
The ANXA1 mimetic peptide Ac2-26 (acetyl-AMVSEFLKQAWFIEEQEYVQTVK)
was purchased from Hangzhou Angtai Biotechnology Co. Ltd. (China). The Cre and
BUN ELISA kits were obtained from Nanjing Jiancheng Bioengineering Institute
(China). The LXA4 ELISA kit was purchased from Cloud-Clone Corp. (Wuhan,
China). MyD88, P-IKKβ, IKKβ, P-PI3K, PI3K, NF-κB, cleaved caspase3, Caspase8
and FADD primary antibodies were obtained from Abcam (USA). The Bcl-2 and Bax
primary antibodies were purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA). The TUNEL kit was purchased from Roche In Situ Cell Death Detection
Kit (USA). The CCK-8 kit was obtained from Dojindo Molecular Technologies
(Gaithersburg, MD, USA). The Annexin V-FITC flow cytometry apoptosis kit was
purchased from Tianjin Sungene Biotech Co., Ltd. (China).
Animals, Groupings and Modeling



Male wild-type C57BL/6 mice (6-8 weeks old, weighing 20-30 g) were obtained from
the Center of Experimental Animals of Wuhan University in China. The mice were
maintained in a standard environment (12-h light/dark cycle, temperature of 25°C,
humidity of 50%) with free access to food and water for 1 week before the
experiments. Animal experiments were performed in accordance with Chinese
legislation on the use and care of laboratory animals and were approved by the
Animal Care and Use Committee of Hubei Cancer Hospital, China. The mice
experiments were performed in the animal laboratory of Hubei Provincial Cancer
Hospital.
The 120 mice were randomly divided into three groups: the Control group (Con),
Sepsis group (Sep) and Ac2-26+Sepsis group (Ac+Sep). Mice were anesthetized with
1% sodium pentobarbital (50 mg/kg). The experimental model of sepsis was
established by cecal ligation and puncture (CLP) surgery [25]. The mice in the
Ac2-26+sepsis group were intraperitoneally injected with Ac2-26 (1 mg/kg) 2 h
before CLP. Except for the mice that were used for the survival test, the rest of the
mice were subjected to related experiments 24 h after CLP. Mice were anesthetized by
sodium pentobarbital and then sacrificed with cervical dislocation before the
procurement of their tissue specimens. The experiment was repeated six times.
Detection of Cre, BUN and LXA4 Levels by ELISA
Serum was collected from each mouse. The levels of serum creatinine (Cre), blood
urea nitrogen (BUN) and LXA4 were detected by ELISA kits according to the
manufacturer’s instructions.
Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-qPCR)
The mRNA expression of TNF-α, IL-1β and IL-6 in kidney tissue was measured by
RT-qPCR. First, total RNA was extracted by TRIzol reagent (Invitrogen Life
Technologies, CA, USA). Then, cDNA was synthesized from the RNA with
PrimeScriptTM RT Master Mix (Takara, Japan) for quantitative RT-PCR. The mRNA
level was determined via a Light Cycler 480 (Roche, Basel, Switzerland) and was
normalized to GAPDH (glyceraldehyde-3-phosphate dehydrogenase). The sequences
of the sample primers are shown in Table 1.
Table 1 Primer sequences for quantitative RT-PCR
Genes Forward primer sequence (5′→3′) Reverse primer sequence (5′→3′)
TNF-α CACCACGCTCTTCTGTCTACTG GCTACGGGCTTGTCACTCG

IL-1β AGTTGACGGACCCCAAAAG AGCTGGATGCTCTCATCAGG

IL-6 GACAAAGCCAGAGTCATTCAGAG GTCTTGGTCCTTAGCCACTCC

GAPDH GCCAAGGTCATCCATGACAAC GTGGATGCAGGGATGATGTTC

Western Blot Analysis
The protein levels of MyD88, P-IKKβ, IKKβ, P-PI3K, PI3K, NF-κB, cleaved
caspase3, Caspase8 and FADD in kidney tissue were measured by western blotting.
First, the proteins were extracted with RIPA lysis buffer from kidney tissue, and the
concentration was determined via a bicinchoninic acid (BCA) assay. Each sample was
electrophoresed on an SDS-polyacrylamide gel and transferred to PVDF membranes.
The PVDF membranes were blocked with PBS containing 5% skim milk and



incubated with primary antibodies (anti-MyD88, 1:1000; anti-P-IKKβ, 1:1000;
anti-IKKβ, 1:1000; anti-P-PI3K, 1:1000; anti-PI3K, 1:1000; anti-NF-κB, 1:1000;
anti-cleaved caspase3, 1:800; anti-Caspase8, 1:800; and anti-FADD, 1:800) in a
shaker at 4°C overnight. Next, the membranes were washed with TBST and then
incubated with secondary antibodies (LI-COR, Lincoln, NE, USA; 1:5000 dilution)
for 1 h at room temperature. Finally, PVDF membranes were visualized by a LI-COR
Odyssey Infrared Imaging System (LI-COR Biosciences Inc., USA).
Hematoxylin and Eosin Staining of Kidney Tissue
The kidney tissue was collected and fixed with a 10% formaldehyde solution for 24 h
at room temperature, embedded in paraffin and cut into 3-mm slices. Then, the
sections were stained with hematoxylin and eosin (HE) and assessed for
morphological changes and damage under a light microscope.
Transmission Electron Microscopy Analysis of kidney tissue
The kidney tissue was harvested and fixed with a 2.5% formaldehyde in PBS solution.
Next, the tissue was postfixed with OsO4 for 1 h at room temperature, washed with
PBS, dehydrated in ethanol, embedded in epoxy resin and cut into ultrathin sections.
The tissue sections were detected via an H-7100 transmission electron microscope
(TEM) (Hitachi Co., Japan) operating at 75 kV.
Terminal dUTP Nick End-Labeling (TUNEL) Assay
The kidney tissue was collected and fixed with 10% formaldehyde, embedded in
paraffin and sliced into sections. The tissue sections were stained with a TUNEL kit
according to the manufacturer’s instructions. The sections were stained with
4′,6-diamidino-2-phenylindole (DAPI) for 15 min, washed with PBS and observed
under a fluorescence microscope. The apoptotic index (AI) = positive cells/total cells
×100.
HK-2 cells, Treatments and Groupings
HK-2 cells were cultured in DMEM (Gibco, Thermo Fisher Scientific, Waltham, MA,
USA) containing 10% fetal bovine serum (FBS, Gibco, Thermo Fisher Scientific,
Waltham, MA, USA). HK-2 cells were randomly assigned into three groups: Control
group (Con), in which the cells were only given DMEM ; LPS group (LPS), in which
the cells were stimulated with 10 μg/mL LPS in DMEM; and Ac2-26+LPS group
(Ac+LPS), in which the cells were treated with Ac2-26 (0.5 μmol/L) for 2 h before 10
μg/mL LPS was administered. The cells were stimulated with LPS for 24 h before the
experiments. The experiments were repeated six times.
HK-2 cells Viability Assay
The viability of HK-2 cells was determined by a cell counting kit 8 (CCK-8) assay.
First, HK-2 cells were cultured in 96-well plates for standard times. Next, CCK-8
solution was added to the cells and incubated in the dark at room temperature for 2 h.
The optical density (OD) was read at 450 nm with a microplate reader (Bio-Rad,
Hercules, CA, USA). The viability of NRK-52E cells was calculated as (experimental
group/control group) × 100.
Detection of TNF-α, IL-1β and IL-6 Levels by ELISA
The supernatant from each group of cells was harvested. The expression of TNF-α,
IL-1β and IL-6 in HK-2 cells was detected with ELISA kits according to the



manufacturer’s instructions.
Western Blot Analysis
The protein levels of Bcl-2 and Bax were determined by western blotting. First, the
proteins from HK-2 cells in each group were extracted with RIPA lysis buffer, and the
concentration was determined via a bicinchoninic acid (BCA) assay. The samples
were electrophoresed on SDS-polyacrylamide gels and transferred to PVDF
membranes. The PVDF membranes were blocked with PBS containing 5% skim milk
and incubated with primary antibodies (anti-Bcl-2, 1:800; anti-Bax, 1:1000) in a
shaker at 4°C overnight. Next, the membranes were washed with TBST and then
incubated with secondary antibodies (LI-COR, Lincoln, NE, USA. 1:5000 dilution)
for 1 h at room temperature. Finally, the PVDF membranes were visualized by a
LI-COR Odyssey Infrared Imaging System (LI-COR Biosciences Inc., USA).
Immunohistochemistry
The HK-2 cells grew and fused by 80 % on coverslip. The cells were perforated
with 1% Triton X-100 in PBS for 5 min and then blocked with 3% FBS for 1 h at
room temperature. Subsequently, cells were incubated with the primary antibodies
Bcl-2 (1:100) and Bax (1:320). Next, the coverslips were placed in a shaker at 4℃
overnight. The samples were washed by TBST and then incubated the secondary
antibodies. Finally, cells were added with 3, 3-diaminobenzidine (DAB) solution. The
expression of Bcl-2 and Bax cells was stained brownish as immune-positive cells. The
immune-positive cells= positive cells/the total cells ×100.
Flow Cytometry Analysis of HK-2 cell Apoptosis
The apoptosis rate of HK-2 cells was determined by an Annexin V-FITC flow
cytometry apoptosis kit. Briefly, 200 μL binding buffer containing 10 μL Annexin V
and 5 μL PI was added to the samples for 1 h in the dark. The stained cells were
analyzed using a FACSCalibur™ flow cytometer (BD Biosciences, San Jose, CA,
USA) and Cell-Quest software.
Statistical Analysis
SPSS version 20.0 statistical software (SPSS, Inc., USA) was used for statistical
analysis. All data are repressed as means ± Standard Deviation (SD). Student's t-test
was used to compare the differences between two groups. One-way analysis of
variance (ANOVA), followed by Bonferroni’s post hoc analysis, was performed for
comparisons of the differences among more than two groups. P values < 0.05 were
considered statistically significant.
Results
Ac2-26 improved the survival and kidney function of mice with sepsis
To explore the effect of Ac2-26 on sepsis-associated AKI, an experimental mouse
model of sepsis was induced by CLP. First, the Cre and BUN levels were significantly
higher in the sepsis group than in the control group mice (Figure 1A-B). Moreover,
the 7-day survival rate of sepsis group mice was decreased compared with that of the
control group (Figure 1C). In contrast, treatment with mimetic peptide Ac2-26 of
ANXA1 significantly enhanced the survival rate and kidney function in the
Ac2-26+sepsis group compared with those in the sepsis group (Figure 1A-C). These
results suggest that Ac2-26 alleviates septic AKI and improves the survival of sepsis.



Figure 1. Ac2-26 improved the survival and kidney function of mice with sepsis. (A and B)
At 24 h after CLP operation, the levels of Cre and BUN in the kidney tissue were detected by
Elisa. (C) the 7 day-survival rate of mice (n= 6 per group). Note: the data are shown as mean
± SD (n = 6 per group, *P < 0.05, **P< 0.01, ***P<0.001).
Ac2-26 increased the production of LXA4 in the kidney tissue of mice with sepsis
The effects of Ac2-26 on the sepsis-induced level of LXA4 in kidney tissue were
measured by ELISA. The data showed that the levels of LXA4 were significantly
decreased in the kidneys of the sepsis group compared with those of the control group
(Figure 2). However, treatment with mimetic peptide Ac2-26 of ANXA1 increased the
level of LXA4 in the Ac2-26+sepsis group compared with that of the sepsis group
(Figure 2).

Figure 2. Ac2-26 increased the production of LXA4 in the kidney tissue of mice with
sepsis. (A) At 24 h after CLP operation, the LXA4 levels were detected by Elisa. Note: the
data are shown as mean ± SD (n = 6 per group, **P< 0.01).
Ac2-26 decreased the production of inflammatory-related cytokines in the kidney
tissue of mice with sepsis
The effects of Ac2-26 on the production and release of inflammatory-related
cytokines induced by sepsis in kidney tissue were measured by RT-PCR and western



blotting. MyD88, P-IKKβ, IKKβ, P-PI3K, PI3K, NF-κB, TNF-α, IL-1β and IL-6 are
important inflammatory-related cytokines. The protein expression levels of MyD88,
P-IKKβ, P-PI3K, and NF-κB in the kidney tissue of mice in the sepsis group were
significantly upregulated compared with those in the control group (Figure 3A).
Interestingly, treatment with mimetic peptide Ac2-26 of ANXA1 markedly
downregulated the levels of MyD88, P-IKKβ, P-PI3K, and NF-κB in the
Ac2-26+sepsis group compared to those in the sepsis group (Figure 3A). In addition,
TNF-α, IL-1β and IL-6 were significantly higher in the sepsis group than in the
control group (Figure 3B). Interestingly, treatment with mimetic peptide Ac2-26 of
ANXA1 significantly reduced these inflammatory cytokines in the Ac2-26+sepsis
group compared with those in the sepsis group (Figure 3B). These results suggest that
Ac2-26 suppresses the inflammatory response in the kidneys of septic mice.

Figure 3. Ac2-26 decreased the production of inflammatory-related cytokines in the
kidney tissue of mice with sepsis. (A) At 24 h after CLP operation, the inflammatory
cytokines levels were detected by Western blotting, A: Con; B:Sep; C:Ac+Sep; (B) the
inflammatory cytokines levels were detected by RT-PCR. Note: the data are shown as mean ±
SD (n = 6 per group, *P<0.05, **P< 0.01, ***P<0.001).
Ac2-26 alleviated pathological damage to the kidney tissue of mice with sepsis
To study the effects of Ac2-26 on AKI in sepsis, we detected kidney histology by HE
staining and TEM at 24 h after CLP. The kidney histology is shown in Figure 4. HE
staining revealed hemorrhage and edema of tubular epithelial cells, inflammatory cell
infiltration and narrowing of kidney tubular lumina in the kidneys of the sepsis group
compared with those of the control group (Figure 4A). However, treatment with
mimetic peptide Ac2-26 of ANXA1 significantly improved the above kidney
histopathological changes in the Ac2-26+sepsis group (Figure 4A). In addition, TEM
images showed that the kidney tissue of the sepsis group had significantly swollen



and disorganized microvilli on the surface of renal tubular epithelial cells, nuclear
shrinkage, nuclear fragmentation and apoptotic body formation, mitochondrial
swelling, partial spinal rupture or disappearance compared to the kidney tissue of
mice in the Ac2-26+sepsis group (Figure 4B). Taken together, these results suggest
that Ac2-26 improves kidney injury in mice with CLP-induced sepsis.

Figure 4. Ac2-26 alleviate pathological damage of kidney tissue of mice with sepsis. (A)
and (B) At 24 h after CLP operation, the kidney histopathological changes was detected by
HE staining and TEM, respectively. Note: (A): white arrow: inflammatory cells; black arrow:
edema; red arrow: hemorrhage; yellow arrow: narrowing of kidney tubular lumina; (×200 or
400). (B): N: nucleus; m: mitochondrion; white arrow: nuclear fragmentation; black arrow:
apoptotic body; red arrow: cytoplasmic cavitation; yellow arrow: mitochondrial spinal;
(×2900 or 13000). (n = 6 per group).
Ac2-26 inhibited apoptosis in the kidneys of mice with sepsis
To explore whether apoptosis was associated with the protective effects of Ac2-26 on
sepsis-induced AKI, the expression of NF-κB, cleaved caspase3, Caspase8 and FADD
was detected by ELISA and western blotting. These proteins are considered to be key
mediators and markers of apoptosis. Moreover, apoptosis in kidney tissue was
measured by TUNEL assay. The protein expression levels of NF-κB, cleaved caspase3,
Caspase8 and FADD in kidney tissue of mice in the sepsis group were significantly
upregulated compared with those in the control group (Figure 5A). Interestingly,
treatment with mimetic peptide Ac2-26 of ANXA1 markedly downregulated the
above proteins in the Ac2-26+sepsis group compared to those in the sepsis group
(Figure 5A). Furthermore, TUNEL staining results showed that the number of
TUNEL-positive cells in the kidney tissue was significantly increased in the sepsis



group compared to that of the control group (Figure 5B). In contrast, in the
Ac2-26+sepsis group, treatment with mimetic peptide Ac2-26 of ANXA1 markedly
reduced apoptosis compared with that of the sepsis group (Figure 5B). These data
suggest that Ac2-26 plays a protective role in sepsis-induced AKI.





Figure 5. Ac2-26 inhibited apoptosis in the kidney of mice with sepsis. (A) A:Con; B:Sep;
C:Ac+Sep, at 24 h after CLP operation, the apoptosis-associated molecules of Cleaved
caspase3, Caspase8 and FADD in the kidney tissues were detected by western blotting. (B)
the apoptosis in kidney tissue was measured by TUNEL assay (×400). Note: (B):
TUNEL-positive cells showed green fluorescence; the data are shown as mean ± SD (n = 6
per group, *P< 0.05, **P< 0.01, ***P<0.001).
Ac2-26 improved the cell viability of HK-2 cells that were stimulated with LPS
The effect of ANXA1 on LPS-induced HK-2 cell injury was determined. The results
showed that the viability of cells significantly decreased with increasing LPS
concentrations. In contrast, mimetic peptide Ac2-26 of ANXA1 significantly
increased the viability of HK-2 cells that were stimulated with LPS. (Figure 6).

Figure 6. Ac2-26 improved the cell viability of HK-2 cells that were stimulated with LPS.
(A) and (B) At 24 h after LPS stimulation, the cell viability of HK-2 cells was detected by
CCK-8. Note: the data are shown as mean ± SD (n =6 per group, **P< 0.01, ***P<0.001).
Ac2-26 inhibited the levels of inflammatory cytokines in HK-2 cells that were
stimulated with LPS
LPS induced inflammatory damage to HK-2 cells in vitro, which is similar to the
effects in septic AKI. The expression levels of TNF-α, IL-1β and IL-6 were
significantly higher (Figure 7) in the LPS group than in the control group (Figure 7).
Interestingly, in the Ac2-26+LPS group, treatment with mimetic peptide Ac2-26 of
ANXA1 reduced these cytokines compared with those in the LPS group (Figure 7).
These results suggest that Ac2-26 suppresses the production of inflammatory
cytokines in HK-2 cells and alleviated LPS-induced HK-2 cell injury.



Figure 7. Ac2-26 inhibited the levels of inflammatory cytokines in HK-2 cells that were
stimulated with LPS. At 24 h after LPS stimulation, the levels of TNF-α, IL-1β and IL-6 in
the HK-2 cells was detected by Elisa. Note: the data are shown as mean ± SD (n = 6 per group,
**P< 0.01, ***P<0.001).
Ac2-26 negatively regulated LPS-induced HK-2 cell apoptosis induced by LPS
To further confirm that Ac2-26 regulated LPS-induced HK-2 cell injury, we examined
the effect of the ANXA1 mimetic peptide Ac2-26 on LPS-induced apoptosis of
HK-cells by western blotting, immunocytochemistry and flow cytometry. Bcl-2 and
Bax are important proteins that are involved in regulating apoptosis. The results
showed that induction with LPS obviously downregulated the level of Bcl-2 and
upregulated the level of Bax in HK-2 cells in the LPS group compared with those in
the control group (Figure 8A). However, after treatment with the ANXA1 mimetic
peptide Ac2-26, the expression level of Bcl-2 was obviously upregulated, and Bax
was downregulated in the HK-2 cells in the Ac2-26+LPS group compared with those
in the LPS group (Figure 8A). As well as, after treatment with the ANXA1 mimetic
peptide Ac2-26, the expression level of Bcl-2 obviously increased and the expression
level of Bax markedly decreased in Ac2-26+LPS group compared with these in LPS
group (Figure 8B). Moreover, flow cytometry showed that HK-2 cells in the upper
and lower right quadrants are apoptotic cells. The apoptotic rate of HK-2 cells in the
LPS group was significantly increased compared to that of the control group (Figure
8C) and was significantly reduced by administration of ANXA1 in the Ac2-26+LPS
group compared to that of the sepsis group (Figure 8C).



Figure 8. Ac2-26 negatively regulated LPS-induced HK-2 cell apoptosis. (A) and (B) At
24 h after LPS stimulation, the levels of the apoptosis-associated proteins Bcl-2 and Bax in



the HK-2 cells were detected by western blotting and immunocytochemistry (×400). (C)
HK-2 cell apoptosis at 24 h after LPS stimulation was detected by flow cytometry. Note: A:
Con; B:LPS; C:Ac+LPS group; (B): HK-2 cells stained brownish are immune-positive cells
(black arrow); the data are shown as the mean ± SD (n = 6 per group, **P< 0.01,
***P<0.001).
Discussion
Currently, sepsis 3.0 is defined as life-threatening organ dysfunction caused by an
uncontrolled inflammatory response [26]. AKI is a common organ dysfunction in
patients with sepsis. Hence, the prevention and treatment of the kidney inflammatory
response and apoptosis may have clinical value for patients with sepsis. The mimetic
peptide Ac2-26 of ANXA1 plays important roles in the control of inflammation and
apoptosis [18-19, 22]. ANXA1 is expressed in multiple tissues and organs, such as the
heart, lung, brain, and kidney [17]. We recently showed that Ac2-26 protects against
myocardial injury in rats with sepsis by negatively regulating myocardial apoptosis
[27]. However, it is unclear whether Ac2-26 has an impact on the pathological process
of sepsis-induced AKI. In this study, we found that Ac2-26 inhibited the inflammatory
response and apoptosis by regulating the PI3K/IKK-β/NF-κB pathway in septic AKI
in vivo and in vitro. Similarly, PI3K/IKK-β/NF-κB signaling pathway has been
reported to be closely related to inflammatory response and AKI [28-29]. The
inflammatory response is increasingly recognized as the main trigger for
sepsis-induced AKI [30]. LPS is a key molecule in the initiation of sepsis [31]. It was
reported that the expression of Toll-like receptor (TLR) and myeloid differentiation
factor-88 (MyD88) in the murine adrenal gland is upregulated by LPS induction [32].
In addition, LPS binds with the Toll-like receptor 4 (TLR4)-MD2 complex, which
activates the MyD88 signaling pathway [33], resulting in phosphorylation
downstream of IκBα kinase (IKK) [34]. Phosphorylated IKK stimulates the activation
of NF-κB [35], and the activation of NF-κB induces the mass production and release
of inflammatory factors [36]. It is currently believed that LXA4 activity is dependent
on the N-terminal region of themimetic peptide Ac2-26 of ANXA1 [17, 37]. Studies
have shown that LXA4 inhibits the downstream activity of NF-κB by inhibiting the
PI3K/Akt signaling pathway, thus playing an anti-inflammatory role [38].
Similarly, in the present study, we found that the expression levels of LXA4
significantly decreased and the levels of MyD88, P-IKKβ, P-PI3K, and NF-κB were
upregulated in kidney tissue of mice in the sepsis group compared with those in the
control group (Figure 3A) in vivo. Additionally, the levels of the inflammatory
cytokines TNF-α, IL-1β and IL-6 were significantly higher in the sepsis group and the
LPS group than in the control group (Figures 3B and 7) in vivo and in vitro.
Interestingly, we also found that treatment with the mimetic peptide Ac2-26 of
ANXA1 significantly increased the level of LXA4, downregulated the expression
levels of MyD88, P-IKKβ, P-PI3K, and NF-κB and decreased the levels of TNF-α,
IL-1β, and IL-6 in the Ac2-26+sepsis and the Ac2-26+LPS groups compared with
those of the sepsis and the LPS groups (Figures 2, 3A, 3B and 7) in vivo and in vitro.
Additionally, HE staining and TEM revealed that treatment with ANXA1 Ac2-26
peptide markedly alleviated pathological injury in kidney tissue in the Ac2-26+sepsis



group compared with that in the sepsis group (Figure 4A and 4B). ANXA1 obviously
reversed the above changes, suggesting that ANXA1 plays a protective role in
sepsis-associated inflammatory injury in vivo and in vitro.
Moreover, apoptosis is closely related to acute kidney injury in sepsis [11-13, 39].
NF-κB is an important link in apoptosis regulation [40]. It has been reported that
LXA4 inhibits hepatic apoptosis by negatively regulating the activity of NF-κB [41].
In rats with cerebral ischaemia, NF-κB promotes apoptosis by increasing the level of
Bax [42]. In addition, previous studies have shown that apoptosis requires activation
of the PI3K/Akt/IKK-α/NF-κB pathway in human salivary adenoid cystic
carcinoma.43 In this study, our results demonstrated that the expression levels of the
proapoptotic proteins NF-κB, cleaved caspase3, Caspase8, FADD, and Bax were
obviously upregulated and that the level of the antiapoptotic protein Bcl-2 was
obviously downregulated in the sepsis and the LPS groups compared with those in the
control group (Figures 5A, 8A and 8B) in vivo and in vitro. Moreover, TUNEL
staining and flow cytometry revealed that significant renal tissue and cell apoptosis
were observed in the sepsis and LPS groups compared with those in the control group
(Figures 5B and 8C) in vivo and in vitro. Conversely, our data demonstrated that
treatment with the mimetic peptide Ac2-26 of ANXA1 markedly downregulated the
levels of the proapoptotic proteins NF-κB, cleaved caspase3, Caspase8, FADD, and
Bax, upregulated the level of the antiapoptotic protein Bcl-2, and inhibited renal tissue
and cell apoptosis in the Ac2-26+sepsis and Ac2-26+LPS groups compared with those
in the sepsis and LPS groups (Figure 5A, 5B, 8A and 8C). Moreover, the kidney
function and survival rate of mice were significantly improved after treatment with
the mimetic peptide Ac2-26 of ANXA1 in the Ac2-26+sepsis group compared to
those in the sepsis group (Figure 1A and 1B). Taken together, the regulating of the
LXA4/PI3K/IKK-β/NF-κB signaling pathway, which attenuated the inflammatory
response and apoptosis in kidney tissue and HK-2 cells during sepsis, may contribute
to the protective effect of ANXA1 on sepsis-induced AKI.
Conclusions
In summary, the in vivo and in vitro data of our studies revealed that the
LXA4/PI3K/IKK-β/NF-κB pathway was activated during sepsis and contributed to
sepsis-induced AKI by enhancing the production and release of proinflammatory
factors and proapoptotic proteins in kidney tissue and HK-2 cells, respectively.
Administration of the mimetic peptide Ac2-26 of ANXA1 ameliorated septic AKI by
inhibiting the inflammatory response and apoptosis by regulating the
LXA4/PI3K/IKK-β/NF-κB pathway (Figure 9). These results might help in the
development of new therapeutic strategy for treatment sepsis-associated AKI.



Figure 9. The potential mechanisms of mimetic peptide Ac2-26 of ANXA1 could
ameliorate septic AKI by regulating the LXA4/PI3K/IKK-β/NF-κB pathway. The
arrow represents promotion, the “tee” head represents inhibition.
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Figures

Figure 1

Ac2-26 improved the survival and kidney function of mice with sepsis. (A and B) At 24 h after CLP
operation, the levels of Cre and BUN in the kidney tissue were detected by Elisa. (C) the 7 day-survival rate
of mice (n= 6 per group). Note: the data are shown as mean ± SD (n = 6 per group, *P < 0.05, **P< 0.01,
***P<0.001).



Figure 2

Ac2-26 increased the production of LXA4 in the kidney tissue of mice with sepsis. (A) At 24 h after CLP
operation, the LXA4 levels were detected by Elisa. Note: the data are shown as mean ± SD (n = 6 per
group, **P< 0.01).

Figure 3

Ac2-26 decreased the production of in�ammatory-related cytokines in the kidney tissue of mice with
sepsis. (A) At 24 h after CLP operation, the in�ammatory cytokines levels were detected by Western
blotting, A: Con; B:Sep; C:Ac+Sep; (B) the in�ammatory cytokines levels were detected by RT-PCR. Note:
the data are shown as mean ± SD (n = 6 per group, *P<0.05, **P< 0.01, ***P<0.001).



Figure 4

Ac2-26 alleviate pathological damage of kidney tissue of mice with sepsis. (A) and (B) At 24 h after CLP
operation, the kidney histopathological changes was detected by HE staining and TEM, respectively. Note:
(A): white arrow: in�ammatory cells; black arrow: edema; red arrow: hemorrhage; yellow arrow: narrowing
of kidney tubular lumina; (×200 or 400). (B): N: nucleus; m: mitochondrion; white arrow: nuclear
fragmentation; black arrow: apoptotic body; red arrow: cytoplasmic cavitation; yellow arrow:
mitochondrial spinal; (×2900 or 13000). (n = 6 per group).



Figure 5

Ac2-26 inhibited apoptosis in the kidney of mice with sepsis. (A) A:Con; B:Sep; C:Ac+Sep, at 24 h after
CLP operation, the apoptosis-associated molecules of Cleaved caspase3, Caspase8 and FADD in the
kidney tissues were detected by western blotting. (B) the apoptosis in kidney tissue was measured by
TUNEL assay (×400). Note: (B): TUNEL-positive cells showed green �uorescence; the data are shown as
mean ± SD (n = 6 per group, *P< 0.05, **P< 0.01, ***P<0.001).



Figure 6

Ac2-26 improved the cell viability of HK-2 cells that were stimulated with LPS. (A) and (B) At 24 h after
LPS stimulation, the cell viability of HK-2 cells was detected by CCK-8. Note: the data are shown as mean
± SD (n =6 per group, **P< 0.01, ***P<0.001).

Figure 7

Ac2-26 inhibited the levels of in�ammatory cytokines in HK-2 cells that were stimulated with LPS. At 24 h
after LPS stimulation, the levels of TNF-α, IL-1β and IL-6 in the HK-2 cells was detected by Elisa. Note: the
data are shown as mean ± SD (n = 6 per group, **P< 0.01, ***P<0.001).



Figure 8

Ac2-26 negatively regulated LPS-induced HK-2 cell apoptosis. (A) and (B) At 24 h after LPS stimulation,
the levels of the apoptosis-associated proteins Bcl-2 and Bax in the HK-2 cells were detected by western
blotting and immunocytochemistry (×400). (C) HK-2 cell apoptosis at 24 h after LPS stimulation was
detected by �ow cytometry. Note: A: Con; B:LPS; C:Ac+LPS group; (B): HK-2 cells stained brownish are



immune-positive cells (black arrow); the data are shown as the mean ± SD (n = 6 per group, **P< 0.01,
***P<0.001).

Figure 9

The potential mechanisms of mimetic peptide Ac2-26 of ANXA1 could ameliorate septic AKI by regulating
the LXA4/PI3K/IKK-β/NF-κB pathway. The arrow represents promotion, the “tee” head represents
inhibition.


