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Abstract
Podocytes injury is a major biomarker of primary glomerular disease that leads to massive proteinuria
and kidney failure. The increased production of chemokine Fractalkine (FKN, CX3CL1) implicated as a
hallmark in multiple in�ammatory disease. However, the underlying mechanism of FKN on podocytes
injury remains unknown. Here, we studied the effects of FKN in LPS-induced acute kidney injury (AKI) in
wild type (WT) and FKN knockout (FKN-KO) mice. LPS stimulation resulted in kidney damage, increased
expression of Bcl-2 family apoptosis protein while decreased the podocytes marker protein (nephrin and
podocin) abundance compared with the control. LPS-induced FKN-KO mice exhibited reduced lethality
and attenuated in�ammatory cells in�ltration, podocytes apoptosis and PI3K/Akt signal pathway
inhibition compared with WT mice. Depletion of FKN served a protective effect in LPS-induced AKI by
activating the PI3K/Akt signal pathway. In cultured podocytes, the interaction between FKN and PI3K/Akt
signal pathway is well con�rmed. FKN knockdown reduced podocytes apoptosis by regulating the Bcl-2
family, while this protective effect was reversed by co-administration of PI3K/Akt inhibitor (LY294002).
These studies reveal a novel mechanistic property of FKN, PI3K/Akt signal and podocytes apoptosis.

Introduction
Sepsis is a frequently cause of acute kidney injury (AKI), contributing to 70% mortality of the sepsis
patients in the intensive care unit (ICU)[1]. Studies have shown that patients with immunosuppression are
at the highest mortality caused by the malfunction of apoptosis progression[2]. Podocytes are speci�cal
glomerular epithelial cells that maintain glomerular blood �ltration barrier[3]. Recent studies have shown
that podocytes apoptosis are important factors that participate in the development of kidney disease[4].
However, its underlying mechanism largely elusive.

The speci�c ligand for CX3CR1 is chemokine Fractalkine (FKN, CX3CL1), which is an important molecular
to modulates leukocyte migration and adhesion function and acts as a catalyst in the in�ammatory
response[5, 6]. Recently, a targeted therapy addresses the inhibition of FKN has been shown to have anti-
�brosis, anti-in�ammatory, anti-tumor effects, holding important potential value in health and disease[7–
9]. The protective effects of FKN antibody injected in MRL/Lpr mice were studied by our group
previously[10]. However, exactly how FKN regulates podocytes injury remains unknown.

PI3K/Akt is widely distributed in mammalian immune organs as anti-apoptosis signal[11]. Studies
demonstrated that Akt phosphorylation promoted cell proliferation while the expression of apoptosis
proteins (such as Bax and Cyt-c) were promoted by preventing Akt phosphorylation[12, 13]. However,
whether a causal link between FKN de�ciency and PI3K/Akt signal activation in podocytes injury remains
unknown. Here we investigate the protective effect of FKN de�ciency on podocytes apoptosis and to
further explore the role of PI3K/Akt signal in this process.

Materials And Methods
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Experimental Animals

C57BL/6 mice were purchased from Shanghai Genechem Animal Co. Ltd (NO. SYXK 2015-0008). The
guide RNA (CX3CL1-sgRNA1: ctggcaggttatcacgggttggg and CX3CL1-sgRNA2:
TGGCAGTAACTCATACGTCCTGG) were constructed using the CRISPR/Cas9 technique. Transgenic
founder mice were generated by microinjection embryos, then mated to wild-type mice to obtain
independent lines of FKN knockout (FKN-KO, FKN-/-) mice. All mice were kept in the speci�c pathogen-free
(SPF) of the Youjiang Medical University for Nationalities (NO. SYXK 2017-0004). All procedures were
performed according to the National Institutes of Health Guide for the Care and Use of Laboratory
Animals and approved by the ethics committee of Youjiang Medical University for Nationalities.

8-10 weeks old WT and FKN-KO mice (n=5 each) were randomized into four groups: Control group: WT
mice intraperitoneal (IP) injection of Saline, LPS group: WT mice IP injection of LPS (10mg/kg, 24h)
(Sigma-Aldrich, St. Louis, MO, USA), FKN-KO group: FKN-KO mice IP injection of Saline, FKN-KO+LPS
group: FKN-KO mice IP injection of LPS (10mg/kg, 24h). For survival test, mice were IP injected with LPS
and monitored every 2 hours for 48 hours.

Cell Culture and Treatments

Immortalized mouse podocytes were obtained from the Cell Center of Fudan University (Shanghai,
China). Podocytes were cultured in RPIM 1640 medium (Gibco, Australia) with 10% FBS (Gibco, Australia)
and were maintained at 37°C, 5% CO2 incubator. Cells were divided into four group: Control group, Si-NC
group: podocytes were transfected with siRNA against scramble control (siRNA-control) (Shanghai
Genechem Co., Ltd.), FKN-KD group: podocytes were transfected with siRNA against FKN (siRNA-FKN)
(Shanghai Genechem Co., Ltd.), FKN-KD+LY294002 (a PI3K/A Akt signal inhibitor) (Selleck Chemicals,
USA): FKN-KD podocytes infected with LY294002 (20 μM/mL, 48 h)[14].

Analysis of Blood Urea Nitrogen (BUN) and creatinine (Scr) activities.

All mice serum were collected and centrifugated at 4000 rpm for 15 min. BUN and Scr levels were
examined by using the commercial kits (Jiancheng Bioengineering Institute, Nanjing, China) according to
the manufacturer’s instructions.

Histopathology

Kidney samples were �xed with formalin at 4℃ overnight. Kidney were embedded with para�n and cut
into 4-μM sections. Then hematoxylin and eosin (HE) staining were prepared and visualized under a light
microscope (Olympus, Japan).

Immuno�uorescence Staining

All samples were �xed with 4% paraformaldehyde for 30 min at room temperature. After being washed
three times with PBS, samples were incubated with 0.1% Triton X-100 for 20 min and blocked with goat
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serum for 30 min. Then kidney sections were incubated with anti-nephrin and anti-Bax (A�nity
Biosciences, OH, USA), and podocytes were incubated with anti-Bax, anti-p-Akt (A�nity Biosciences, OH,
USA) at 4℃, overnight. Next, samples were incubated with FITC and Fluor594-conjugated secondary
antibodies (A�nity Biosciences, OH, USA) for 1 h at room temperature. The nuclei were stained with DAPI
(5 μg/mL, Solarbio, Beijing, China) for 10 min and imaged by a �uorescence microscope (Olympus,
Japan).

Western Blot Assay

Kidney tissues and podocytes were lysed with RIPA buffer (Solarbio, Beijing, China). Protein concentration
were measured by a BCA assay kit (Solarbio, Beijing, China). Proteins (50 μg) were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), transferred to the polyvinylidene �uoride
(PVDF) membrane, and incubated with anti-FKN, anti-Bax, anti-Bcl-2 and anti-Cyt-c, anti-nephrin, anti-
podocin, anti-Akt, anti-p-Akt, (A�nity Biosciences, OH, USA) overnight at 4℃. Then incubated with
horseradish peroxidase-linked secondary antibody (A�nity Biosciences, OH, USA) for 50 min at room
temperature. The protein expression was quanti�ed using ImageJ.

Co-immunoprecipitation Analysis

Co-IP assay was conducted according to the manufacturer’s instruction of Co-IP kit (TK277274, Thermo
Fisher Scienti�c). Brie�y, Podocytes total protein was extracted by IP lysis buffer and quanti�ed by BCA
assay. The podocytes lysates were incubated with anti-FKN, anti-Akt, anti-p-Akt and protein A/G agarose
beads at 4℃ overnight. Then the beads were washed with pre-cold IP lysis buffer and 50 μL of
immunoprecipitated proteins were collected. the precipitated proteins were identi�ed by Western blot
assay.

Flow Cytometric Assay

After treatment, podocytes were adjusted to 1×106 cells/mL and stained with Annexin V-FITC and
propidium iodide using Annexin V-FITC Apoptosis kit (BD Biosciences, USA). The apoptosis rate was
measured by �ow cytometry (BD Biosciences, USA).

Statistical Analysis

Statistical analysis was performed using SPSS 23.0 software. The data were expressed as mean ±
standard deviation. The Student t test was used to determine the statistical difference between two
groups. Differences between more than two groups were determined by ANOVA. P < 0.05 was considered
statistically signi�cant.

Results
Depletion of FKN Ameliorates LPS-induced Acute Kidney Injury
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After LPS injection, WT mice started dying around 26 h and had 0 % survival rate on 48 h. In contrast,
FKN-KO mice began to die at 36 h and had 28 % survival rate on 48 h (Fig.1a). We also assessed renal
function by serum levels of BUN and Scr: Both indices were increased after LPS stimulation in WT mice,
while these increases were ameliorated signi�cantly in FKN-KO mice (Fig.1b, c). The kidney
histopathology showed similar results than the serologic test (Fig.1d). The kidney tissues of Sham-
treated WT mice were similar to the FKN-KO mice. After LPS stimulation, WT mice exhibited severe kidney
injury, including enlarged glomerular with dilation of their capillaries and in�ltrated in�ammatory cells.
However, FKN-KO mice showed less changes in morphology and a reduction in in�ammatory cells
in�ltration. These results indicated that FKN Depletion exhibited a protective effect against LPS-induced
AKI.

Depletion of FKN Attenuates LPS-induced Kidney Podocytes Apoptosis via PI3K/AKT Signal Pathway

Apoptosis progression is a critical mechanism of podocytes injury in kidney disease. LPS-induced
podocytes apoptosis in mice kidney was assessed by Western Blot and Immuno�uorescence Staining.
The expression of pro-apoptosis Bax, Cyt-c protein were increased while the anti-apoptosis Bcl-2 protein,
nephrin and podocin were decreased in kidney of WT mice stimulated with LPS, while the induction was
reversed in FKN-KO mice (Fig.2a). After LPS stimulation, the localization of Bax were enhanced in the
kidney tissues of WT mice and inhibited in FKN-KO mice, while the localization of nephrin were lost in the
kidney tissues of WT mice and recovered in FKN-KO mice (Fig.2b). Therefore, FKN Depletion suppressed
LPS-induced kidney podocytes apoptosis.

We further examined the biological effects of PI3K/Akt signal by LPS in mice kidney.
Phosphorylated Akt (p-Akt) expression were decreased in WT mice with LPS injection, while the
expression of p-Akt was not signi�cantly different in FKN-KO mice (Fig.2a). We speculated that FKN
Depletion reversed the LPS-induced PI3K/Akt signal inhibition in mice kidney.

FKN Interacted Directly with PI3K/AKT Signal Pathway in Podocytes

Co-IP assay was performed to examine the interactions between FKN and PI3K/Akt with extracts of
podocytes. In Fig.3, immunoprecipitation of FKN pull down both Akt and p-Akt. Presence of interaction
between FKN and PI3K/Akt in podocytes were indicated.

Inhibition of PI3K/AKT Signal Pathway Reverse the Anti-apoptosis Effect of FKN-knockdown in
Podocytes

Apoptosis progression is hypothesized as the major mechanism of podocytes injury. As shown in Fig.4,
FKN knockdown decreased the apoptosis rate of podocytes, while LY294002 (PI3K/Akt inhibitor)
increased the podocytes apoptosis rate in FKN knockdown group. To provide explain the anti-apoptosis
effect of PI3K/Akt signal in podocytes after FKN knockdown treatment, the protein expression of Akt, p-
Akt, Bcl-2, Bax and Cyt-c were detected by Western Blot. FKN knockdown decreased the expression of Cyt-
c and Bax protein while increased the expression of Bcl-2 and p-Akt protein compared with the control.
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However, LY294002 treatment reversed the effect of FKN knockdown (Fig.5a). Similarly,
Immuno�uorescent staining found that FKN knockdown increased p-Akt nuclear translocation while
decreased Bax protein abundance in podocytes cytoplasm compared with the control, whereas the results
were reversed by co-treatment with LY294002 (Fig.5b, c).

Discussion
Although the increasing number of studies suggest the importance of chemokines on the regulation of
kidney disease, the current �ndings of molecular biological function of chemokines in the kidney are
limited and their roles of anti-in�ammation in kidney disease remain to be exploration. In the present
study, we explored the protective effects of chemokine FKN de�ciency by regulating the progression of
apoptosis using a mice model of AKI and cultured podocytes. This study demonstrated that the
protective effect of FKN de�ciency is mediated by the suppression of podocytes apoptosis progression
through the PI3K/Akt signal pathway, which providing an evidence of therapeutic potential of FKN
de�ciency in AKI.

Sepsis is de�ned as a systemic in�ammatory response syndrome caused by infection and acted as a
major cause of AKI[15]. The pathophysiological characteristics of sepsis are the initial severe
in�ammatory phase, which lasts for several days, followed by a more lasting period of
immunosuppression[16]. Novel therapeutic mechanism for sepsis-induced AKI is urgently needed[17, 18].
In this study, LPS was used to established a sepsis-induced AKI model in mice[19]. We found signi�cantly
elevated FKN expression in LPS-induced AKI mice. Functionally, FKN had pro-in�ammatory effects such
as adhesion and chemotaxis inducing the recruitment of lymphocytes[20]. In vivo model, intraperitoneal
administered with LPS for 24 h signi�cantly increased the levels of serum creatinine and BUN, which a
sensitive marker of AKI. Depletion of FKN attenuated LPS-induced serum creatinine and BUN to suppress
proin�ammatory cell in�ltration and kidney damage.

The imbalance of body’s immune function caused by apoptosis progression dysregulation is key factor
inducing the immunosuppression of sepsis patients[21, 22]. Apoptosis is a carefully regulated cell death
process and mediated by multiple genes. The mitochondrial pathway was recognized the classical
apoptotic signal pathway[23]. The dysfunction of the heterodimer Bax/Bcl-2 in the mitochondria leads to
the release of Cyt-c, which activates downstream apoptosis-related proteases and further ampli�es the
apoptosis progression[24]. In our study, the production of Bax and Cyt-c protein were induced by LPS in
mice kidney, whereas the expression of Bcl-2, nephrin and podocin protein were decreased. The
pretreatment of FKN Depletion reduced the apoptosis-related proteins while increased the podocytes-
related proteins compared with LPS group. Moreover, FKN knockdown decreased the Bax, Cyt-c while
increased Bcl-2 protein expression in cultured podocytes, which is consistent with the �ndings in vivo. We
found that FKN is closely associated with apoptosis progression and con�rmed under pathogenic
conditions. Inhibition of podocytes apoptosis progression was an important determination of AKI
amelioration, which attributed to the de�ciency of chemokine FKN.
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We selected the PI3K/Akt signal pathway as the follow-up anti-in�ammatory mechanism for experiments.
Akt is a major downstream factor of PI3K signal and have many cellular functions including proliferation,
differentiation and anti-apoptosis[25–27]. It was reported that the Akt phosphorylation attenuated sepsis-
induced cardiomyocyte apoptosis[28]. Inhibition of PI3K/Akt signal suppressed podocytes mesenchymal
trans-differentiation[29]. The previous study of our research group have demonstrated that the activation
of PI3K/Akt signal effectively suppressed AngII-induced podocytes apoptosis[30]. In our vivo model, the
phosphorylation of Akt was inhibited by LPS while activated by FKN Depletion. FKN Depletion
ameliorated LPS-induced AKI by promoted the activation of PI3K/Akt signal pathway. In cultured
podocytes, FKN knockdown suppressed podocytes apoptosis progression by promoting Akt
phosphorylation, while this effect was reversed by co-treatment with PI3K/Akt inhibitor.

In conclusion, chemokine FKN depletion can ameliorate sepsis-induced AKI in mice. A potential
mechanism is that FKN de�ciency suppressed podocytes apoptosis progression by promoting PI3K/Akt
signal pathway. This study may provide a novel therapeutic approach for kidney in�ammatory disease.
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Figures

Figure 1

Depletion of FKN reduces kidney damage in LPS-induced mice. a, Survival rate (n=7) of control and FKN-
knockout mice injected with LPS. B and C, Serum levels of Blood Urea Nitrogen (BUN) (b) and creatinine
(Scr) (c). d, Haematoxylin-eosin staining of kidney sections (×200).



Page 11/13

Figure 2

Reduced podocytes apoptosis and activation of PI3K/AKT signal pathway in kidney of LPS-induced FKN-
knockout mice. a, Western Blot and quantitative assay showing the protein expression of FKN, Cyt-c, Bax,
Bcl-2, nephrin, podocin, p-Akt, Akt in mice liver tissues. *p<0.05 compared to the Control group, #p<0.05
compared to the LPS group. b, Localization of nephrin and Bax protein were evaluated by
immuno�uorescence assay. (×600).
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Figure 3

Co-IP assay veri�ed the correlation of FKN with Akt and p-Akt in podocytes. Immune-precipitates were
subjected to immunoblotting analysis with anti-FKN, anti-p-Akt, and anti-Akt. IP, immunoprecipitation, IB,
immunoblot.

Figure 4
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FKN-knockdown inhibits podocytes apoptosis rate. The apoptosis rates were detected by �ow cytometry
assay after treatment with FKN-knockdown and PI3K/AKT signal pathway inhibitor LY294002. *P < 0.05
compared with the Control group.

Figure 5

FKN-knockdown reduces apoptosis-related protein expression by activating PI3K/AKT signal pathway. a,
Western Blot and quantitative assay showing the protein expression of FKN, Cyt-c, Bax, Bcl-2, p-Akt, Akt in
podocytes. *p<0.05 compared to the Control group. b and c, Localization of p-Akt (B) and Bax (C) protein
were evaluated by immuno�uorescence assay. (×800).


