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This paper aims to observe the changes of the inflammatory cytokines in microglial BV2 cells stimulated by apelin, and inves-

tigate the mechanism of inflammatory cytokines secretion after apelin stimulation. Immunofluorescence and quantitative re-

al-time PCR were performed to observe expression of TNF-α, IL-1β, IL-10, MIP-1α, and MCP-1 in BV2 cells. Western blot 

was used to investigate the expression of phosphorylation PI-3K/Akt and phosphorylation Erk signaling pathways in BV2 cells 

after stimulation by apelin. Furthermore, PI-3K/Akt inhibitor (LY294402) and Erk inhibitor (U0126) were used as antagonists 

to detect the secretion mechanisms of cytokines in BV2 cells stimulated by apelin. Exogenous recombinant apelin activated the 

expression of TNF-α, IL-1β, MCP-1 and MIP-1α in BV2 cells by the detection of fluorescence expression and mRNA. Apelin 

also unregulated the protein expression of p-PI-3K/Akt and p-Erk in BV2 cells induced by apelin. LY294002 and U0126 in-

hibited activation of p-PI-3K/Akt and p-Erk expression by Western blot and attenuated the expression of inflammation factors 

in BV2 cells by fluorescence staining. This study demonstrates that apelin is a potential activator of inflammation factors 

through the PI3K/Akt and Erk signaling pathway and is potential therapeutically relevant to inflammatory responses of micro-

glia cells. 
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Apelin is a small molecular regulatory peptide, whose bio-

logical activity is mediated by its specific receptors named 

APJ, a G-protein-coupled receptor with seven transmem-

brane domains [1]. Apelin/APJ is expressed in multiple tis-

sues, primarily in vascular endothelial cells, suggesting it 

plays an important role in angiogenesis [2,3]. During recent 

years, apelin has gained increasing attention in the function 

of angiogenesis, especially in retinal neovascularization. 

Kasai and others’ studies [4,5] found that apelin is a crucial 

factor for retinal angiogenesis in prematurity of retinopathy 

(ROP) mice and apelin-deficiency can retard the retinal 

vascular development. In in vivo study, the sizes of the laser 

induced CNV lesions in apelin-KO or APJ-KO mice de-

creased significantly compared with those in the WT mice 

[6]. Our previous study also found plasma level of apelin 

was increased in proliferative diabetic retinopathy (PDR) 

patients [7]. However, the role of apelin for regulation of 

inflammation factors in in vivo and in vitro study is unclear. 

Han et al. [8] demonstrated that LPS, IL-6, or interferon-α 

(IFN-α) treatment can induce the increasing enteric apelin 

expression in rodents, suggesting a potential link between 

apelin and inflammation. 

Microglial cells are blood-derived phagocytes, repre-

senting one major component of the innate immune system 
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in the retina [9]. Studies have demonstrated that microglial 

cells are involved in phagocytosis, removal of apoptotic 

neuronal remnants and involved in remodeling [10]. Fur-

thermore, when they are over-activated, microglial cells 

release soluble cytotoxins, such as tumor necrosis fac-

tor-alpha (TNF-α), interleukin1β (IL-1β), and IL-6 that can 

contribute to neuronal and vascular cell death and ultimately 

the progression of diabetic retinopathy (DR) [11]. In people 

with non-proliferative DR and proliferative DR, microglia 

largely accumulate around regions of vascular damage and 

around sites of neovascularisation [12]. These results indi-

cate that activated microglia is a major cellular source of 

inflammatory and/or cytotoxic factors that cause retinal 

damage in DR. Therefore, microglial participation has been 

implicated in the pathogenesis of DR. 

MAPKs are the most important signaling molecules with 

involvement in activated microglia and also appear to play 

key roles in inflammatory processes [13,14]. Previous stud-

ies have shown that activation of MAPKs has a significant 

effect on the regulation of cyclooxygenase (COX-2), in-

ducible nitric oxide synthase (iNOS), and inflammatory 

cytokine gene expression in microglia [15]. Park et al. [16] 

also indicated that fucoidan treatment significantly attenu-

ated expression of iNOS, COX-2, MCP-1, IL-1β and TNF-α 

in LPS-stimulated BV2 microglia through down-regulation 

of extracellular signal-regulated kinase (ERK), c-Jun 

N-terminal kinase (JNK), p38 mitogen-activated protein 

kinase (MAPK), and AKT pathways.  

However, the role and the mechanisms of apelin and its 

receptor signaling for expression of inflammatory factors in 

microglia BV2 cells remain unclear. Based on previous ob-

servations, the present study was designed to investigate 

whether apelin could effectively regulate the pro- and an-

ti-inflammatory factors in BV2 cells and to study the 

mechanism of apelin on the expression of inflammatory 

cytokines in BV2 cells.  

1  Materials and methods 

1.1  Cell culture and treatment 

BV2, a murine microglial cell line, which is a suitable mod-

el for in vitro study of microglia, was used in this study. 

BV2 cells were cultured at 37°C in 5% CO2 in RPMI 1640 

medium (Gibco, USA) supplemented with 10% fetal bovine 

serum (FBS; Gibco, USA), 5 mmol L1 glucose and 1% 

penicillin (100 units mL1) and streptomycin (100 µg mL1) 

(Gibco, USA). Exogenous recombinant apelin-13 (100 ng 

mL1) (Sigma, USA) stimulated BV2 cells for 30 min, 1, 3 

and 6 h. BV2 cells were pretreated with the indicated con-

centrations of PI-3K inhibitor LY294002 (10 µmol, 

Selleckchem, USA) and Erk inhibitor U0126 (10 µmol, 

Sigma, USA) 1 h before incubated with apelin-13 (100 ng 

mL1). 

1.2  Immunofluorescence staining 

Immunofluorescence analysis was performed using cell 

coverslip. Briefly, the cover slip was fixed in 4% paraform-

aldehyde for 10 min, permeabilized with 0.1% Triton-x 100 

for 10 min, and blocked with 2% bovine serum albumin 

(BSA) at room temperature for 1 h, and then incubated with 

primary antibodies monocyte chemoattractant protein 

(MCP-1) (MABN712, 1:200, Millipore, Germany), macro-

phage inflammatory protein-1α (MIP-1α) (MAB66251, 

1:100, RD Biosciences, USA), TNF-α (SC1069, 1:100, Sant 

Crus, USA), IL-1β (ab9722, 1:200, Abcam, USA), and 

IL-10 (ab33471, 1:300, Abcam, USA) overnight. Appropri-

ate secondary antibodies were used by FITC-conjugation 

(goat anti mouse, 1:200, Invitrogen, USA; rabbit anti rat, 

1:20, DAKO, Japan; chicken anti goat, 1:200, Invitrogen; 

chicken anti rabbit, 1:200, Invitrogen; rabbit anti rat, 1:20, 

DAKO; respectively). The coverslips were counterstained 

with Toto3 (1:500, Invitrogen, USA) for nucleus. Slides 

were examined by confocal microscopy (Leica TCS SP2, 

Germany) and images were analyzed by F’cell software.  

1.3  Quantitative real time PCR 

Total RNA was extracted from BV2 cells using Trizol rea-

gent (Invitrogen, Carlsbad, CA, USA) according to the 

manufacturer’s instructions. The concentrations of RNA 

were measured with Tecan RNA-nano plates (Tecan, Swit-

zerland) and Icontrol software. 1 μg RNA was re-

verse-transcribed using QuantiTect Rev Transcription Kit 

(Qiagen, Germany). Then, cDNA was amplified by PCR. 

The PCR solution contained 2 μL specific primers (100 

pmol L1 each), 10 μL SYBR Green Master Mix (Euro-

gentech, Germany) and 2 μL cDNA with a final volume of 

20 μL. PCR primers were as follows: MCP-1 forward: 

CAAGAAGGAATGGGTCCAGA, reverse: GCTGAAGA- 

CCTTAGGGCAGA; MIP-forward: TATTTTGAAACC- 

AGCAGCCTTT, reverse: ATTCTTGGACCCAGGTCTC- 

TTT; IL-1β forward: TCTTCCTAAAGTATGGGCTGGA, 

reverse: GACTAAGGAGTCCCCTGGAGAT; β-actin for-

ward: CACTGCAAACGGGGAAATGG, reverse: TGAG- 

ATGGACTGTCGGATGG. The reaction conditions for 

amplifying DNA were 95°C for 10 min, followed by 35 

cycles of 95°C for 30 s, 58°C for 1 min, and 72°C for 1 min. 

The last step was 95°C for 1 min, 55°C for 30 s and 95°C 

for 30 s. The mRNA expression was normalized to the ex-

pression level of β-actin and was calculated using the fol-

lowing equation: fold change=2∆∆CT. Each experiment was 

repeated at three times. 

1.4  Western blot 

Briefly, cells were harvested, washed once with ice-cold 

PBS and gently lysed for 30 min in 100 µL ice-cold 0.1% 

SDS lysis buffer including 3 µL mini cocktail (Roche, Ger-
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many) and 2 µL orthovanadate. Protein concentrations de-

termined using a Bio-Rad protein assay (Bio-Rad, Hercules, 

CA, USA). Samples were analyzed on 10% SDS-PAGE 

gels, transferred to PVDF membranes (Millipore, Billerica, 

MA, USA), and processed for analysis using an enhanced 

chemiluminescence substrate (PerkinElmer, Inc., MA, 

USA). The primary antibodies were used at the following 

dilutions: anti-p-PI-3K (rabbit monoclonal, CST4228, 

1:1,000), anti-PI-3K (mouse monoclonal, ab22653, 1:1,000); 

anti-p-Akt (rabbit monoclonal, CST4060, 1:1,000), anti-Akt 

(rabbit monoclonal, CST4691, 1:1,000); anti-p-Erk (mouse 

monoclonal, ab50011, 1:5,000), anti-Erk (Rabbit polyclonal, 

ab17942, 1:1,000), GAPDH (mouse monoclonal, ab9484, 

1:5,000) 

1.5  Statistics 

The results were expressed as mean±SEM. Differences 

among groups were assessed using one-way analysis of 

variance (ANOVA) (GraphPad Prism 5.0), followed by 

Dunnett’s test. A value of P<0.05 was considered as signif-

icantly different. We repeated all experiments at least three 

times, and representative experiments are shown. 

2  Results 

2.1  APJ is expressed in BV2 cells 

Prior to exploring the effects of apelin in microglial BV2 

cells, we performed immunofluorescence staining to exam-

ine the expression of APJ in BV2 cells. The results showed 

that expression of APJ staining was positive, which was 

localized in cytoplasm and cytomembrane in BV2 cells 

(Figure 1).  

2.2  Apelin up-regulates the expression of inflammatory 

cytokines in BV2 cells 

The expression of IL-1β, TNF-α, MCP-1, MIP-1α and 

IL-10 were investigated by immunofluorescence staining in 

microglial BV2 cells. After the microglial BV2 cells incu-

bation with apelin, the result showed that IL-1β, TNF-α, 

MCP-1, MIP-1α were up-regulated, but IL-10 was down- 

regulated (Figure 2). Compared with the control group, the 

expression of MCP-1 was up-regulated by 188.3%±26.4%, 

MIP-1α by 88.1%±36.2%, IL-1β by 159.0%±38.9%, and 

TNF-α by 39.3%±5.5%, respectively. In contrast, the ex-

pression of IL-10 was decreased by 39.4%±15.1%.   

2.3  Apelin increases the expression of mRNA of in-

flammatory cytokines in BV2 cells 

Given the fact that inflammatory cytokines and chemokines 

play a significant role in the progression of inflammation, 

we then sought to determine whether apelin could regulate 

transcription of mRNA of these factors in BV2 cells. Mi-

croglial BV2 cells were cultured in 10% FBS RPMI 1640 

medium in supplemented with 100 ng mL1 apelin for vari-

ous periods of times. Quantitative real-time PCR data re-

vealed that compared with the basal level, mRNA expres-

sion began to be enhanced under stimulation of apelin (Fig-

ure 3). Among them, the mRNA expression of TNF-α began 

to rise at 1 h and reached a peak at 3 h by 13.84 folds 

(P<0.01). The mRNA expression of IL-1β was up-regulated 

by 10.38 folds at 1 h (P<0.001) and by 6.78 folds at 3 h 

(P<0.01). The mRNA expression of MCP-1 increased by 

5.57 folds at 1 h and by 10.76 folds at 3 h (P<0.01). The 

mRNA expression of MIP-1α only increased by 3.75 folds 

at 3 h (P<0.05). 

 

 

Figure 1  Localization of APJ in BV2 cells was visualized with fluorescence microscopy after immunofluorescence staining with Rabbit polyclone an-

ti-APJ antibody (green). Cells were stained with Toto3 for visualization of nuclei (blue). The cellular localization of APJ was the cytoplasm. 



534 Chen L, et al.   Sci China Life Sci   June (2015) Vol.58 No.6 

 

Figure 2  Immunofluorescent staining of inflammation cytokines in BV2 cells. Exogenous recombinant apelin-13 (100 ng mL1) stimulated BV2 cells for 1, 

3 and 6 h. The expression of MCP-1, MIP-1α, IL-1β, and TNF-α were upregulated. The expression of IL-10 was decreased.  

 

Figure 3  The mRNA expression of inflammation cytokines in BV2 cells by quantitative real time PCR. A, The mRNA expression of MCP-1 increased by 

10.76 fold at 3 h (**P<0.01 vs. con group). B, The mRNA expression of MIP-1α only increased by 3.75 fold at 3 h (*P<0.05 vs. con group). C, IL-1β was 

up-regulated by 10.38 folds at 1 h (***P<0.001 vs. con group), by 6.78 folds at 3 h (**P<0.01 vs. con group). D, TNF-α reached a peak at 3 h by 13.84 folds 

(**P<0.01 vs. con group). The data are expressed as mean±SEM. Results are representative of those obtained from three independent experiments. 
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2.4  apelin activates PI-3k/Akt and MEK/Erk signaling 

pathways in BV2 cells  

The PI-3K/Akt and MAPKs are the most important signal-

ing molecules involved in activated microglia and also ap-

pear to play key roles in inflammatory processes [14,17]. 

Therefore, using Western blot and immunofluorescence 

staining, we investigated the question of whether apelin 

activated PI-3K/Akt and Erk signaling pathways. We first 

examined the time curve of p-PI-3K, p-Akt and p-Erk in 

BV2 cells treated with apelin. BV2 cells were incubated 

with apelin (100 ng mL1) for 30 min, 1 h, 3 h, and 6 h. 

Western blot analysis results showed that apelin promoted 

expression of p-PI-3K, p-Akt and p-Erk in a time-dependent 

manner (Figures 4A, 4B, 5A, 5B, 6A and 6B).  

Here, the influence of the PI-3K/Akt inhibitor LY294002 

and Erk inhibitor U0126 were also examined. After pre-

treatment with 10 µmol L1 LY294002 and 10 µmol L1 

U0126 for 1 h, respectively, BV2 cells were stimulated with 

apelin (100 ng mL1) for 6 h. Western blot analysis results 

revealed the expression of p-PI-3K, p-Akt and p-ERK1/2 

were down-regulated significantly (Figures 4C, 4D, 5C, 5D, 

6C and 6D). Immunofluorescence staining showed that ape-

lin up-regulated the expression of p-Erk and U0126 did 

lower the expression of p-Erk in BV2 cells (Figure 6E).  

2.5  Erk inhibitor U0126 suppresses expression of in-

flammatory cytokines in BV2 cells 

We found that apelin treatment up-regulated the expression  

of inflammation factors in BV2 cells by immunofluores-

cence. In addition, apelin activated p-Erk signaling pathway 

through western blot analysis. We next examined the rela-

tionship between the apelin induced activation of the Erk 

signaling pathway and the change of inflammation factors 

after BV2 cells pretreated with Erk inhibitor 10 µmol L1 

U0126. Figure 7 shows the expression of inflammation fac-

tors was inhibited and translocation of the TNF-α and IL-1β 

was observed after using U0126 (Figure 7). The results 

showed that inhibition of inflammatory cytokines expres-

sion by U0126 in apelin-stimulated BV2 cells was associ-

ated with down-regulation of Erk phosphorylation. Erk sig-

naling pathway participated in the activation of IL-1β, 

TNF-α, MCP-1 and MIP-1α in BV2 cells (Figure 7). 

3  Discussion 

In the present study, we investigated the relationship and its 

regulation mechanism between inflammatory cytokines and 

apelin in microglial BV2 cell. Our major findings were as 

follows: (i) Apelin enhanced the expression of inflammato-

ry cytokines, TNF-α, IL-1β, MIP-1α, MCP-1 in BV2 cells 

through immunofluorescence staining and qRT-PCR meth-

ods; (ii) Apelin activated the PI-3K/Akt and MEK/Erk sig-

naling pathways in BV2 cells; (iii) Erk signaling was in-

volved in expression of inflammatory cytokines in BV2 

cells induced by apelin. 

Apelin is the endogenous ligand for the APJ receptor and  

 

 

Figure 4  The expression of phosphor-PI-3K in BV2 cells stimulated by apelin. A and B, BV2 cells were pretreated with the indicated doses of apelin (100 

ng mL1) for 30 min, 1 h, 3 h, and 6 h. C and D, Then BV2 cells were pretreated with the indicated concentrations of PI-3K/Akt inhibitor LY294002 (10 

µmol) for 1 h. Total protein (30 µg) was subjected to 10% SDS-PAGE, followed by Western blotting using anti-p-PI-3K antibody. Proteins were visualized 

using an ECL detection system. GAPDH were used as internal controls. Results are representative of those obtained from three independent experiments. 
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Figure 5  The expression of phosphor-Akt in BV2 cells stimulated by apelin. A and B, BV2 cells were pretreated with the indicated doses of apelin (100 ng 

mL1) for 30 min, 3 h, and 6 h. C and D, Then BV2 cells were pretreated with the indicated concentrations of PI-3K/Akt inhibitor LY294002 (10 µmol) for  

1 h. Total protein (30 µg) was subjected to 10% SDS-PAGE, followed by Western blotting using anti-p-Akt antibody. Proteins were visualized using an ECL 

detection system. GAPDH were used as internal controls. Results are representative of those obtained from three independent experiments. 

localization of apelin expression in tissues was observed in 

vascular endothelial cells (ECs), adipose tissue and epitheli-

al cells, suggesting a role for apelin/APJ in angiogenesis 

and vascular formation [18,19]. Similarly, location of APJ 

is very important for Apelin/APJ signaling pathway to exert 

physiological function in various cells and tissues [20]. Pre-

vious study demonstrated that APJ expression was localized 

in the vascular and endocardial ECs and smooth muscle 

cells [21]. Our previous studies showed APJ was also ex-

pressed in pericyte and PRE (data not show). In the present 

study, through immunofluorescence staining, we first con-

firmed that APJ was positively expressed in BV2 cells. Our 

results showed that the expression of APJ is essential for the 

apelin/APJ system function in BV2 cells, which implies 

apelin might be involved in physiology and pathology of 

BV2 cells. 

Many studies demonstrated the potential link between 

apelin and inflammation in different tissues in vivo and in 

vitro [8,22,23]. In the present study, we found the expres-

sion of IL-1β, TNF-α, MCP-1, and MIP-1α was increased in 

BV2 cells stimulated by apelin at different time. Especially, 

mRNA transcript of IL-1β reached the peak at 1 h firstly. 

IL-1β is known as a multifunctional inflammatory cytokine 

and the main trigger of the neuroinflammatory cascade [24]. 

Several observations support a role of IL-1β as a probable 

mediator of retinal damage in diabetes and IL-1β also is 

increased in the retina of experimental diabetes animals 

[11,25]. Therefore, we believe IL-1β plays an important role 

as trigger of the inflammatory cascade in DR.  

Moreover, glial reactivity is a key component of neuroin-

flammation and retinal glial reactivity, which is a well 

documented early feature of both human and experimental 

diabetic retinopathy [26]. IL-1β can induce gliosis in vivo 

and in vitro. Stimulation of astrocytes with IL-1β leads to 

up-regulation or synthesis of several of the genes known to 

be regulated in reactive glia [27]. Our previous investigation 

demonstrated apelin stimulated Müller proliferation and 

migration, and induced gliosis of Müller in diabetic reti-

nopathy [7,28,29]. In this study, our data directly demon-

strate apelin may act as a direct regulator of increasing ex-

pression of IL-1β in microglial BV2 cells. Therefore, we 

presume in ischemia/hypoxia diseases, such as DR and ROP, 

up-regulation of apelin triggered releasing of IL-1β, which 

induced gliosis and aggravated progression of DR.  

The activated native kidney cells and activated mono-

cytes-macrophages can produce TNF-α. Moreover, TNF-α 

can increase the release of other cytokines, chemokines, 

growth factors, and acute phase proteins [30,31]. As a plei-

otropic cytokine, TNF-α exerts multiple effects and it can 

contribute to the development of diabetic nephropathy 

through several mechanisms [30]. Similarly, studies demon- 
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Figure 6  The expression of phosphor-Erk in BV2 cells stimulated by apelin. A and B, BV2 cells were pretreated with the indicated doses of apelin (100 ng 

mL1) for 30 min, 3 h, and 6 h. C and D, Then BV2 cells were pretreated with the indicated concentrations of Erk inhibitor U0126 (10 µmol) for 1 h. Total 

protein (30 µg) was subjected to 10% SDS-PAGE, followed by Western blotting using anti-p-Erk antibody. Proteins were visualized using an ECL detection 

system. GAPDH were used as internal controls. E, Immunofluorescent staining of p-Erk in BV2 cells stimulated apelin (100 ng mL1) and U0126 (10 µmol). 

Results are representative of those obtained from three independent experiments. 

strated TNF-α genotypes were also significantly associated 

with PDR occurrence [32]. In progression of DR, the ex-

pression of TNF-α in retinal is associated with neuronal and 

endothelial cell death and inhibition of TNF-α is beneficial 

for the prevention of early DR [33]. In vitro experiment 

Daviaud has proved the expression of apelin was increased 

by endogenous TNF-α in adipocytes [34]. However, the 

relationship between apelin and TNF-α is unclear in micro-

glia. Our study only demonstrated expression of TNF-α was 

upregulated in BV2 cells by apelin. Except for TNF-α, 

MIP-1α and MCP-1 have been implicated as potential mod-

ulators of the acute inflammatory response in the CNS [35]. 

They have potent chemoattractant capability and promote 

monocyte recruitment into an inflammatory or pathological 

site. Once they were activated near the site of pathology, the 

recruited cells can produce more inflammatory mediators, 

thus inducing inflammation response [10,36]. Similarly, 

MCP-1 and MIP-1α in vitreous fluid from PDR patients 

were significantly higher than that of from control groups 

[37]. IL-10, a pleiotropic TH2 cytokine, has obvious sup-

pressive effects on the production of pro-inflammatory cy-

tokines by monocytes-macrophages and inhibits the expres-

sion of activating molecules on these cells and dendrite cells 

[38,39]. Kremlev demonstrated that IL-10 has protected 

LPS-induced microglial cell death in in vivo and in in vitro 

study [39].  

Our study showed the expression of IL-1β, TNF-α, 

MCP-1 and MIP-1α were increased in BV2 cells after in-

cubation with apelin. Moreover, the mRNA level of TNF-α, 

MCP-1 and MIP-1α reached the peak at 3 h in BV2 cells, 

which lagged the expression of IL-1β. These suggested 

IL-1β triggered the inflammation cascade and induced ex-

pression of other inflammatory cytokines in BV2 cells. At 

the same time, apelin is also a modulator of inflammatory 

cytokines, which up-regulated the expression of IL-1β, 
TNF-α, MCP-1 and MIP-1α. IL-10 is an anti-inflammation 

cytokine, and our results further showed IL-10 was de-

creased in BV2 cells induced by apelin. It was well known 

that the inflammatory cytokines secreted by over-activated 

microglia participated in the progression of DR and caused 

the damage of retina [40,41]. According to our results, we 

presumed apelin enhanced the expression of inflammatory 

cytokines secreted by microglia, which was involved in 

pathological damage of DR. Therefore, it is necessary to 

further investigate the expression of inflammatory factors 

induced by apelin in in vivo experiments.  

Furthermore, we investigated the underlying mechanisms 

of up-regulation of inflammatory factors by apelin in BV2 
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Figure 7  Immunofluorescent staining of pro-inflammation cytokines in BV2 cells after stimulated by U0126 (10 µmol). Exogenous recombinant apelin-13 

(100 ng mL1) stimulated BV2 cells pretreated with U0126 (10 µmol) for 1 h. The expression of MCP-1, MIP-1α, IL-1β, and TNF-α were inhibited.  

cells. Recently, involvement of various intracellular signal-

ing pathways, such as PI-3K/Akt pathway and MAPKs/Erk, 

in inflammatory mediator induction of BV2 microglia has 

been reported [13,14]. Previous studies have shown that 

PI-3K has a significant role in cellular growth, adhesion, 

differentiation and the inflammatory response [4244]. In 

addition, activation of MAPKs has significant effects on the 

regulation of COX-2, iNOS, and inflammatory cytokine 

gene expression in microglia [45]. To investigate potential 

mechanisms for apelin-activated inflammatory factors in 

BV2 cells, we evaluated the effect of apelin on the phos-

phorylated forms of PI-3K/Akt and MAPK/Erk pathways. 

The present results showed that apelin is a potent activator 

of PI-3K/Akt and MAPKs/Erk for expression of inflamma-

tion factors in BV2 microglia (Figure 8). Furthermore, our 

data obviously demonstrated that blockade of PI-3K/Akt 

and MAPKs/Erk pathways by PI-3K/Akt inhibitor 

LY294002 and Erk inhibitor U0126 significantly attenuated 

expression of phospho-PI-3K, phospho-Akt and phospho- 

Erk, respectively (Figure 8). Immunofluorescence staining 

results showed Erk inhibitor U0126 significantly decreased 

the expression of inflammatory factors, such as TNF-α, 

IL-1β, MIP-1 and MCP-1α. These results suggested that 

PI-3k/Akt and MAPK/Erk signaling pathway activation 

plays a key role in apelin-induced expression of inflamma-

tory factors. Therefore, further studies are needed to evalu-

ate the relation among downstream signaling pathway in the 

apelin-induced activation of inflammatory gene expression. 

4  Conclusion 

In summary, in the present study we presented novel data 

showing that apelin significantly increased the expression of 

inflammatory cytokines, such as TNF-α, IL-1β, MIP-1α, 

and MCP-1, and suppressed the expression of anti-     

inflammatory cytokines IL-10. Apelin mediated inflamma-

tory cytokines secretion through activation of PI-3K/Akt 

and MAPKs/Erk pathways. In addition, the up-regulation of 

inflammatory responses was inhibited by LY294002 and 

U0126 in BV2 cells. These data suggest that apelin is an 

inflammatory mediator for inflammatory diseases, including 
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Figure 8  Schematic showing the putative apelin/APJ signalling mechanism that regulates inflammation factors. Apelin/APJ activates the PI-3K/Akt/Erk 

pathway. Then, active signaling pathway increases the expression of Il-1β, TNF-α, MCP-1 and MIP-1α and decreases IL-10 expression. 

neurodegenerative disorders and DR. In that regard, the 

inhibition of apelin and a variety of inflammatory enzymes 

and cytokines in microglial cells would be an effective 

therapeutic approach against these diseases. 

The authors declare that there is no conflict of interest regarding the pub-

lication of this paper. 

This work was supported by European Foundation for the Study of Diabe-

tes/Chinese Diabetes Society/Lilly grant (90561 and 94410). The authors 

thank Dr. Lin JiHong for technical assistance. We also sincerely 

acknowledge Prof. Hans-Peter Hammes for providing the BV2 cells and 

associated antibodies.  

1 O’Dowd BF, Heiber M, Chan A, Heng HH, Tsui L-C, Kennedy JL, 

Shi X, Petronis A, George SR, Nguyen T. A human gene that shows 

identity with the gene encoding the angiotensin receptor is located on 

chromosome 11. Gene, 1993, 136: 355–360 

2 Cox CM, D’Agostino SL, Miller MK, Heimark RL, Krieg PA. 

Apelin, the ligand for the endothelial G-protein-coupled receptor, 

APJ, is a potent angiogenic factor required for normal vascular 

development of the frog embryo. Dev Biol, 2006, 296: 177–189 

3 Kasai A, Shintani N, Oda M, Kakuda M, Hashimoto H, Matsuda T, 

Hinuma S, Baba A. Apelin is a novel angiogenic factor in retinal 

endothelial cells. Biochem Biophys Res Commun, 2004, 325: 

395–400 

4 Kasai A, Ishimaru Y, Kinjo T, Satooka T, Matsumoto N, Yoshioka Y, 

Yamamuro A, Gomi F, Shintani N, Baba A, Maeda S. Apelin is a 

crucial factor for hypoxia-induced retinal angiogenesis. Arterioscl 

Throm Vasc Biol, 2010, 30: 2182–2187 

5 Kasai A, Shintani N, Kato H, Matsuda S, Gomi F, Haba R, 

Hashimoto H, Kakuda M, Tano Y, Baba A. Retardation of retinal 

vascular development in apelin-deficient mice. Arterioscl Throm 

Vasc Biol, 2008, 28: 1717–1722 

6 Hara C, Kasai A, Gomi F, Satooka T, Sakimoto S, Nakai K, 

Yoshioka Y, Yamamuro A, Maeda S, Nishida K. Laser-induced 

choroidal neovascularization in mice attenuated by deficiency in the 

apelin-APJ system. Invest Ophthalmol Vis Sci, 2013, 54: 4321–4329 

7 Tao Y, Lu Q, Jiang YR, Qian J, Wang JY, Gao L, Jonas JB. Apelin in 

plasma and vitreous and in fibrovascular retinal membranes of 

patients with proliferative diabetic retinopathy. Invest Ophthalmol 

Vis Sci, 2010, 51: 4237–4242 

8 Han S, Wang G, Qi X, Englander EW, Greeley Jr GH. Involvement 

of a Stat3 binding site in inflammation-induced enteric apelin 

expression. Am J Physiol Gastrointest Liver Physiol, 2008, 295: 

G1068 



540 Chen L, et al.   Sci China Life Sci   June (2015) Vol.58 No.6 

9 Karlstetter M, Ebert S, Langmann T. Microglia in the healthy and 

degenerating retina: insights from novel mouse models. 

Immunobiology, 2010, 215: 685–691 

10 Lynch MA. The multifaceted profile of activated microglia. Mol 

Neurobiol, 2009, 40: 139–156 

11 Krady JK, Basu A, Allen CM, Xu Y, LaNoue KF, Gardner TW, 

Levison SW. Minocycline reduces proinflammatory cytokine 

expression, microglial activation, and caspase-3 activation in a rodent 

model of diabetic retinopathy. Diabetes, 2005, 54: 1559–1565 

12 Zeng HY, Green WR, Tso MO. Microglial activation in human 

diabetic retinopathy. Arch Ophthalmol, 2008, 126: 227–232 

13 Zhang Y, Dong C. Regulatory mechanisms of mitogen-activated 

kinase signaling. Cell Mol Life Sci, 2007, 64: 2771–2789 

14 Kim WK, Hwang SY, Oh ES, Piao HZ, Kim KW, Han IO. TGF-β1 

represses activation and resultant death of microglia via inhibition of 

phosphatidylinositol 3-kinase activity. J Immunol, 2004, 172: 

7015–7023 

15 Zhou Y, Ling EA, Dheen ST. Dexamethasone suppresses monocyte 

chemoattractant protein-1 production via mitogen activated protein 

kinase phosphatase-1 dependent inhibition of Jun N-terminal kinase 

and p38 mitogen-activated protein kinase in activated rat microglia. J 

Neurochem, 2007, 102: 667–678 

16 Park HY, Han MH, Park C, Jin CY, Kim GY, Choi IW, Kim ND, 

Nam TJ, Kwon TK, Choi YH. Anti-inflammatory effects of fucoidan 

through inhibition of NF-kappaB, MAPK and Akt activation in 

lipopolysaccharide-induced BV2 microglia cells. Food Chem Toxicol, 

2011, 49: 1745–1752 

17 Zhang Y, Jiang YR, Lu Q, Yin H, Tao Y. Apelin in epiretinal 

fibrovascular membranes of patients with retinopathy of prematurity 

and the changes after intravitreal bevacizumab. Retina, 2013, 33: 

613–620 

18 Tatemoto K, Takayama K, Zou MX, Kumaki I, Zhang W, Kumano K, 

Fujimiya M. The novel peptide apelin lowers blood pressure via a 

nitric oxide-dependent mechanism. Regul Peptides, 2001, 99: 87–92 

19 Kawamata Y, Habata Y, Fukusumi S, Hosoya M, Fujii R, Hinuma S, 

Nishizawa N, Kitada C, Onda H, Nishimura O. Molecular properties 

of apelin: tissue distribution and receptor binding. Biochim Biophys 

Acta Mol Cell Res, 2001, 1538: 162–171 

20 Chu J, Zhang H, Huang X, Lin Y, Shen T, Chen B, Man Y, Wang S, 

Li J. Apelin ameliorates TNF-α-induced reduction of glycogen 

synthesis in the hepatocytes through G protein-coupled receptor APJ. 

PLoS One, 2013, 8: e57231 

21 Devic E, Rizzoti K, Bodin S, Knibiehler B, Audigier Y. Amino acid 

sequence and embryonic expression of msr/apj, the mouse homolog 

of Xenopus X-msr and human APJ. Mech Dev, 1999, 84: 199–203 

22 Leeper NJ, Tedesco MM, Kojima Y, Schultz GM, Kundu RK, 

Ashley EA, Tsao PS, Dalman RL, Quertermous T. Apelin prevents 

aortic aneurysm formation by inhibiting macrophage inflammation. 

Am J Physiol Heart Circulat Physiol, 2009, 296: H1329 

23 Hu PF, Chen WP, Tang JL, Bao JP, Wu LD. Apelin plays a catabolic 

role on articular cartilage: in vivo and in vitro studies. Int J Mol Med, 

2010, 26: 357–363 

24 Rothwell NJ, Luheshi GN. Interleukin 1 in the brain: biology, 

pathology and therapeutic target. Trends Neurosci, 2000, 23: 

618–625 

25 Kowluru RA, Odenbach S. Role of interleukin-1β in the development 

of retinopathy in rats: effect of antioxidants. Invest Ophthalmol Vis 

Sci, 2004, 45: 4161–4166 

26 Rungger-Brändle E, Dosso AA, Leuenberger PM. Glial reactivity, an 

early feature of diabetic retinopathy. Invest Ophthalmol Vis Sci, 2000, 

41: 1971–1980 

27 John GR, Lee SC, Song X, Rivieccio M, Brosnan CF. IL-1-regulated 

responses in astrocytes: relevance to injury and recovery. Glia, 2005,  

49: 161–176 

28 Lu Q, Jiang YR, Qian J, Tao Y. Apelin-13 regulates proliferation, 

migration and survival of retinal Müller cells under hypoxia. Diabetes 

Res Clin Pract, 2013, 99: 158–167 

29 Wang XL, Tao Y, Lu Q, Jiang YR. Apelin supports primary rat 

retinal Müller cells under chemical hypoxia and glucose deprivation. 

Peptides, 2012, 33: 298–306 

30 Navarro-Gonzalez JF, Mora-Fernandez C, Muros de Fuentes M, 

Garcia-Perez J. Inflammatory molecules and pathways in the 

pathogenesis of diabetic nephropathy. Nat Rev Nephrol, 2011, 7: 

327–340 

31 Navarro-Gonzalez JF, Mora-Fernandez C. The role of inflammatory 

cytokines in diabetic nephropathy. J Am Soc Nephrol, 2008, 19: 

433–442 

32 Paine SK, Sen A Fau-Choudhuri S, Choudhuri S Fau-Mondal LK, 

Mondal Lk Fau-Chowdhury IH, Chowdhury Ih Fau-Basu A, Basu A 

Fau-Mukherjee A, Mukherjee A Fau-Bhattacharya B, Bhattacharya B. 

Association of tumor necrosis factor alpha, interleukin 6, and 

interleukin 10 promoter polymorphism with proliferative diabetic 

retinopathy in type 2 diabetic subjects. Retina, 2012, 32: 1197–1203 

33 Joussen AM, Doehmen S, Le ML, Koizumi K, Radetzky S, Krohne 

TU, Poulaki V, Semkova I, Kociok N. TNF-α mediated apoptosis 

plays an important role in the development of early diabetic 

retinopathy and long-term histopathological alterations. Mol Vis, 

2009, 15: 1418 

34 Daviaud D, Boucher J, Gesta S, Dray C, Guigne C, Quilliot D, Ayav 

A, Ziegler O, Carpene C, Saulnier-Blache JS. TNFα up-regulates 

apelin expression in human and mouse adipose tissue. FASEB J, 

2006, 20: 1528-1530 

35 Jung WK, Lee DY, Park C, Choi YH, Choi I, Park SG, Seo SK, Lee 

SW, Yea SS, Ahn SC. Cilostazol is anti-inflammatory in BV2 

microglial cells by inactivating nuclear factor-kappaB and inhibiting 

mitogen-activated protein kinases. British J Pharmacol, 2010, 159: 

1274–1285 

36 Rankine E, Hughes P, Botham M, Perry V, Felton L. Brain cytokine 

synthesis induced by an intraparenchymal injection of LPS is reduced 

in MCP-1-deficient mice prior to leucocyte recruitment. Eur J 

Neurosci, 2006, 24: 77–86 

37 Nawaz M, Van Raemdonck K, Mohammad G, Kangave D, Van 

Damme J, Abu El-Asrar A, Struyf S. Autocrine CCL2, CXCL4, 

CXCL9 and CXCL10 signal in retinal endothelial cells and are 

enhanced in diabetic retinopathy. Exp Eye Res, 2013, 109: 67–76 

38 de Waal Malefyt R, Abrams J, Bennett B, Figdor CG, de Vries JE. 

Interleukin 10 (IL-10) inhibits cytokine synthesis by human 

monocytes: an autoregulatory role of IL-10 produced by monocytes. J 

Exp Med, 1991, 174: 1209–1220 

39 Kremlev SG, Palmer C. Interleukin-10 inhibits endotoxin-induced 

pro-inflammatory cytokines in microglial cell cultures. J 

Neuroimmunol, 2005, 162: 71–80 

40 Tang J, Kern TS. Inflammation in diabetic retinopathy. Prog Retinal 

Eye Res, 2011, 30: 343–358 

41 Coorey NJ, Shen W, Chung SH, Zhu L, Gillies MC. The role of glia 

in retinal vascular disease. Clin Exp Optometry, 2012, 95: 266–281 

42 Cantley LC. The phosphoinositide 3-kinase pathway. Science, 2002, 

296: 1655–1657 

43 Fruman DA, Meyers RE, Cantley LC. Phosphoinositide kinases. Ann 

Rev Biochem, 1998, 67: 481–507 

44 Hirsch E. Central role for G protein-coupled phosphoinositide 

3-kinase gamma in Inflammation. Science, 2000, 287: 1049–1053 

45 Johnson GL, Lapadat R. Mitogen-activated protein kinase pathways 

mediated by ERK, JNK, and p38 protein kinases. Science, 2002, 298: 

1911–1912 

 

Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction 

in any medium, provided the original author(s) and source are credited. 


