中国科技论文在线

http://www.paper.edu.cn

2,3,7,8-tetrachlorodibenzo-p-dioxin inhibits autophagy via
Akt/ mTOR signaling pathway in RAW 264.7 macrophages#
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Abstract: 2,3,7,8-tetrachlorodibenzodioxine (TCDD) was a highly toxic contamination and detected in
the environment and food. It can be bio-magnified through food chain and bio-accumulate in human
bodies, then cause various adverse health effects. Autophagy was a self-regulating process that
degraded proteins and organelles in cells. The disruptions of autophagy balance have been bound up
with multiple diseases and metabolic processes. In this paper, we detected the effects of TCDD on
autophagy in RAW 264.7 cells and traced the molecular mechanism. The results showed that TCDD
dose-dependently inhibited autophagy with the range from 0 to 10nM. Further, we found that this
inhibition of autophagy was due to the decrease of p-Akt/Akt and increase of p-mTOR/mTOR
expression. In addition, the autophagy inhibition caused by TCDD was resumed by using reversible
mTOR inhibitor (rapamycin) and a selective Akt inhibitor (LY294002). This evidence showed that
Akt/mTOR signaling pathway plays an important role in the autophagy induced by TCDD in RAW
264.7 cells. Our study confirmed the autophagy injury of TCDD on RAW 264.7 macrophages and the
mechanism of TCDD toxicity was supplemented at the molecular level.
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Autophagy is an essential component of growth regulation and homeostasis in multicellular
organisms. Long-lived proteins and cytoplasmic organelles are engulfed by a double membrane
autophagosome, then the autophagosomes fuse with lysosomes and then degrade them.1 Defective
autophagy has been bound up with multiple diseases such as alzheimer's disease, metabolic
disorder and some forms of cancer. 2,3 Multiple signaling pathways involved in the regulation of
cell autophagy. Among the signal pathway, the kinase mammalian target of rapamycin (mTOR) is
a significant modulator of autophagy.4 Kinase mTOR is the downstream target of kinase Akt
pathway. Mounting evidence has shown that the Akt-mTOR energy and nutrient sensing pathway
mediates autophagy.5
Dioxins are a class of persistent organic pollutants (POPs) which are carcinogenic, mutagenic
and genotoxic.6 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is the most toxic homologue of
dioxins. Its toxic mechanism has been widely studied in recent years.7 Waste incineration,
chemical processing and the use of some herbicides are the main known sources of pollution for
dioxins.8 Through the food chain, TCDD is incorporated into naturally fat-rich animal-derived
products such as milk, cheese, meat, seafood, and drinking water.9 TCDD has multiple toxicities,
mainly including carcinogenic toxicity,10 reproductive toxicity,11 immunotoxicity. Several studies
have confirmed that the immune system is one of the most susceptible targets for TCDD.12,13 In
immune cells, macrophages play a vital role in the innate immune system, which is capable of
clearing out pathogens, triggering inflammatory signals and engulfing dead cells.14 Thus,
macrophages play a significant role in maintaining homeostasis and resisting infection and are
involved in the development of many diseases such as inflammatory related diseases,
arteriosclerosis, and cancer.15 Experimental studies have demonstrated that exposure to TCDD
affects autophagy in different cell lines. However, the effects of TCDD on autophagy in immune
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cells have not been studied.
In this paper, we evaluated the effect of TCDD on autophagy in RAW 264.7 macrophages
and the molecular mechanisms involved. Our works were helpful to supplement new insights for
the immunotoxicity mechanism of TCDD.
50

1 Materials and methods
1.1 Reagents and antibodies
TCDD standard was purchased from Accu Standard (New Haven，
USA). Stock solution of 10
μM TCDD was prepared by Dulbecco's Modified Eagle's Medium（DMEM）from HyClone.
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Rapamycin (Rapa), LY294002 were acquired from Selleck.cn (Shanghai, China). 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), LC3I/II, p62, GAPDH were
purchased from Protein Tech Inc (Chicago, USA) and secondary antibodies were also purchased
from Protein Tech Inc (Chicago, USA) too. p-mTOR and p-AKT were bought from Cell Signaling
Technololgy (CST, Boston, USA)

1.2 Cell culture
60

RAW 264.7 cells (ATCC) were cultured in 5% CO2 medium with 10% fatal bovine serum
(FBS) from Clark biosciences and 1% penicillin / streptomycin (37 °c) in DMEM medium
(HyClone, USA). When cells grew to 75% confluence, 0.25% trypsin (w/v) and 0.52 mM
Ethylene Diamine Tetraacetie Acid (EDTA) were dispersed to separate cells.

1.3 Cell viability assays
65

Cell viability evaluated by MTT assay. Cells (1 × 104 cells/well) were seeded in 96-well
plates. After overnight incubation, TCDD was added to the cells for 44h and then added MTT
solution (5 mg /mL in 1% PBS) to each well for 4h in cell incubator. Next, the supernatant was
discarded and after that, added 100μL DMSO to each well. The absorbance value was detected at
570 nm on a microplate reader (Bio Tek, American).
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1.4 MDC staining

75

Monodansylcada-verine (MDC) was an eosinophilic fluorescent stain that was commonly
used to detect specific markers of autophagy formation. Cells were cultured in 24-well plates for
12 h. Then TCDD was added to the cells for 48 h. Next, the supernatant was discarded. The wells
were washed twice with scrub solution. Next, the cells were stained with 300μL of MDC solution
(0.05mM) at 37 °C for 45 min. After that, the cells were rinsed twice with a scrub solution and
observed by the fluorescence microscope (BX53, Olympus, Japan).

1.5 Transmission electron microscope

80

Cells were treated with TCDD for 6h. Then cells were immobilized with 2.5 %
glutaraldehyde in 0.05 M sodium cacodylate buffer at pH 7.2. Subsequently, cells were
double-dyed with uranyl acetate and lead citrate. Then observed by transmission electron
microscope (H7650, Hitachi, Japan). For analysis, a minimum of five random fields per cell were
taken at ×1200 and ×2500 magnification.
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1.6 Western blot analysis
85

RAW 264.7 cells were treated with different concentrations of TCDD for 6 h. Cell pellets
were lysed on ice with lysis buffer (RIPA: PMSF = 100:1) The protein content in the supernatant
was determined by the BCA protein assay kit (Beyotime Institute of Biotechnology, China). The
same amounts of protein (60 μg) were electrophoresed on SDS–PAGE (sodium dodecyl
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sulfate-polyacrylamide gels). The proteins on gels were then transferred onto PVDF
(polyvinylidene fluoride) membranes and blocked with 5 % BSA for 2 h at room temperature.
PVDF membranes were incubated overnight at 4 °C with antibodies and then incubated with the
secondary antibodies. The protein level was detected by ECL (electrochemiluminescence) plus
(Azure c300, America).

1.7 Statistical analysis
95

All data were analyzed with SPSS 19.0 software, by using one-way analysis of variance
(ANOVA) or Tukey's test to analyze the differences among different groups. For each control
group, P < 0.05 was considered statistically significant after passing the Dunnett's test.

2 First-order headline
2.1 Cell viability
100
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THP-1 macrophages were treated with different concentrations of TCDD (0-80nM) for 48 h
and measured by MTT assay. The data showed TCDD had no significant effect on the activity of
macrophages in the range of 0-20nM (Fig.1). In this study, we selected TCDD at no-observed
effect concentration (NOEC) in subsequent autophagy experiments.

Fig. 1 Effects of TCDD on various concentrations by MTT (48 h). Data were shown as mean ±SEM. (n = 6).
**P < 0.01 vs. control or ***P < 0.001 vs. control

2.2 TCDD inhibited autophagosomes formation in RAW 264.7 macrophages
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To determine whether TCDD can inhibit the autophagy of RAW 264.7 cells, we explored the
expression of LC3II/I and p62 protein. We found that the expression of LC3II/I was decreased at 3
h, 6 h, 12 h, with the rock bottom at 6 h (Fig.2A). Next, we treated the cells with various
concentrations of TCDD (2.5, 5 and 10nM) for 6 h. The levels of LC3II/I were reduced in a
dose-dependent manner, but the levels of the p62 were dose-dependently increased (Fig.2B and C).
These results suggested that TCDD decreased autophagosome formation.
MDC is an autofluorescent compound that is an eosinophilic dye and is commonly used to
detect autophagy formation. So, it was used to detect autophagy processes. As shown in figure 3,
our results showed that TCDD dose-dependently decreased the fluorescence expression of MDC
in RAW 264.7 macrophages.
Observed by TEM was another standard way to measure autophagy. Electron microscopic
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analysis also detected that the number of autophagosomes decreased as the concentration of
TCDD increased (Fig. 4).

120
Fig. 2 (A) Western blotting analysis of LC3Ⅱ/Ⅰ for various times (0, 3, 6, 12, 24 and 48 h). (B and C)
Western blotting analysis of LC3Ⅱ/Ⅰ and p62 at 6 h. Data were shown as mean ± SEM. (n = 3). *P < 0.05 vs.
control. or **P < 0.01 vs. control.
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Fig.3 After treatment with TCDD for 6 h, RAW 264.7 macrophages were stained by MDC, and observed
with a fluorescence microscope (magnification × 200). All data were presented as the mean SEM (n=3). *P < 0.05
vs. control. or **P < 0.01 vs. control.

Fig.4 Transmission electron microscope images (TEM). The thick arrows represented the characteristic
autophagosomes (magnification ×1200 and magnification × 2500). RAW 264.7 macrophages were treated with
10nM TCDD for 6 h. N, nucleus.

2.3 TCDD inhibited LC3II/I through mTOR–dependent phosphorylation
Firstly, after treatment with different dose of TCDD (2.5, 5 and 10nM) we found that the
ratio of p-mTOR/mTOR was increased in a dose-dependent manner (Fig.5A). To further
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investigate the role of mTOR on TCDD-mediated autophagy. RAW 264.7 cells were pretreated
with a specific mTOR inhibitor (Rapa) for 1 h. Rapamycin reduced the ratio of p-mTOR/mTOR
which was upregulated due to TCDD exposure (Fig. 5C). As expected, rapamycin increased the
level of LC3 II/I which was decreased by TCDD exposure (Fig. 5B)

140

Fig.5 (A)Western blotting analysis of p-mTOR/mTOR under increasing TCDD in RAW 264.7 macrophages
at 6 h. (B and C) Western blotting analysis of p-mTOR/mTOR and LC3 at 6 h. All data were presented as the
mean ± SEM (n=3). *P < 0.05 vs. control. or **P < 0.01 vs. control. ##P < 0.01 vs. treatment of 10nM TCDD.

2.4 TCDD activated
phosphorylation
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TCDD induced a high level of p-Akt/ Akt expression (Fig.6A). To further confirm the effect
of AKT on autophagy mediated by TCDD, RAW 264.7cells were preincubated for 1 h with
LY294002 (Akt inhibitor). Pretreatment with LY294002 decreased the level of p-Akt/Akt which
was increased by TCDD treatment (Fig.6B). As expected, LY294002 pretreatment suppressed the
ratio of p-mTOR/mTOR which was upregulated by TCDD exposure (Fig.6C). LY294002
pretreatment promoted the level of LC3 II/I which was reduced by TCDD exposure (Fig.6D).
Remarkably, the Akt/mTOR signaling pathway may be involved in TCDD-mediated autophagy in
RAW 264.7 cells.

Fig.6 (A)Western blotting analysis of p-Akt/Akt under increasing TCDD in RAW 264.7cells at 6 h. (B, C
and D) Western blotting analysis of p-Akt/Akt, p-mTOR/mTOR and LC3 at 6 h. All data were presented as the
mean ± SEM (n=3). *P < 0.05 vs. control. or **P < 0.01 vs. control. ##P < 0.01 vs. treatment of 10nM TCDD.
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3 Discussion
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TCDD is absorbed by the body through the enrichment of the food chain. In this process it is
essential to emphasize that the half-life of TCDD in humans is very long, estimated to be between
7.116 and 11.317 years. Most studies showed that TCDD-exposure has been to cause significant and
sustained suppression of both cell-mediated and humoral immunity.18
Macrophages are the cellular components of innate immune system, found in almost all
tissues, and contribute to immunity, repair, and homeostasis.15 However, the effect of TCDD on
autophagy of macrophages and its related mechanism was not clear. This study aimed to explore
the effects of TCDD on autophagy in RAW 264.7 macrophages.
During the process of autophagy, LC3-I, a cytoplasmic form of LC3, binds to the
phosphatidylethanolamine to form LC3-Phosphatidylethanolamine conjugate LC3-II which is
incorporated into the autophagic membrane.19 Thus, lipidated LC3 is a molecular marker for the
autophagosome.20 Another widely used autophagy marker is p62, known as the sequestosome 1
SQSTM1.21 p62 was a multifunctional protein that bound to LC3 and degraded within the
autolysosome. So is a marker of autophagy inhibition.22,23 In this study, TCDD reduced the ratio
of LC3II/I and increased p62 protein levels. The results indicated that TCDD inhibited autophagy
in RAW 264.7 cells. MDC assay and TEM also proved that. Similarly, Filomena Fiorito et al.
proved that higher doses of TCDD apparently induced both autophagy (LC3II protein
accumulation) and cell death. However, they did not detect the level of p62. There were two
conditions for the ratio of LC3II/I increased: promote the increase of autophagosomes or inhibited
the degradation of autophagosomes. We used different doses probably because we use different
cell lines.
The kinase mammalian target of rapamycin (mTOR), is a primary regulator of autophagy ,
regulated by hunger, growth factors, and cellular stress factors.24 Furthermore，mTOR is an
important negative regulator of autophagy and also controls the expression of autophagy-related
genes.25 Abundant researches have shown that Akt activated downstream signal transduction and
induced autophagy.26 Additionally, Akt phosphorylated can relate substrates that activate
mTORC1.27 In this study, we hypothesized that TCDD affected autophagy through the Akt/mTOR
signaling pathway. As expected, pretreatment rapamycin and LY294002 abolished the ability of
TCDD to inhibit autophagy. Therefore, our results suggested that TCDD inhibits autophagy via
the Akt/mTOR signaling pathway.
In this paper we demonstrated that TCDD at NOEC inhibited the induction of autophagy and
a potential molecular mechanism in RAW264.7 macrophages. The Akt/mTOR signaling pathway
may involve in the regulation of TCDD-inhibited autophagy. It may contribute to explain the
molecular mechanism of immunotoxicity caused by TCDD and provide evidence for health risk
assessment of TCDD. In the following experiments, we will further explore the specific effects of
TCDD on macrophages function through autophagy.
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2,3,7,8-四氯二苯并对二恶英通过
Akt/mTOR 信号通路抑制 RAW 264.7 巨
噬细胞的自噬
260

卢静，刘美彤，郑浩沉，范勇，张倩，关爽
（食品科学与工程学院，吉林大学，130062）
摘要：目的：以 2,3,7,8-四氯二苯并对二恶英（TCDD）刺激 RAW264.7 巨噬细胞，研究 TCDD
对巨噬细胞自噬的影响及其背后的分子机制。方法：使用 MTT 法检测 TCDD 对巨噬细胞的
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毒性；细胞自噬染色检测试剂盒(MDC 法)以及透射电镜从形态学上检测自噬小体形成情况；
蛋白免疫印迹法
（Western blot）
检测自噬标志蛋白 LC3、p62 以及自噬相关信号通路 p-mTOR、
mTOR、p-Akt、Akt 表达情况。结果：在 TCDD 刺激的巨噬细胞中 LC3Ⅱ/LC3Ⅰ水平下降,p62
水平升高，自噬小体形成减少，p-Akt/Akt、p-mTOR/mTOR 水平升高。mTOR 抑制剂雷帕霉
素显著降低 p-mTOR/mTOR 水平，
Akt 抑制剂 LY294002 显著下降 p-Akt/Akt 水平，同时 TCDD
显著缓解了雷帕霉素和 LY294002 引起的 p-mTOR/mTOR 和 p-Akt/Akt 表达下降。结论：
TCDD 通过影响 Akt/mTOR 信号通路抑制巨噬细胞 RAW264.7 自噬。
关键词：2,3,7,8-四氯二苯并对二恶英(TCDD)；自噬；巨噬细胞；Akt/mTOR
中图分类号：Q28

-8-

