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Autophagy Induced by Tumor Necrosis
Factor a Mediates Intrinsic Apoptosis
in Trophoblastic Cells
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Suk-Joo Choi, MD, PhD1, Soo-young Oh, MD, PhD1, and
Cheong-Rae Roh, MD, PhD1

Abstract
To investigate the interconnection of apoptosis and autophagy in trophoblastic cells, we treated JEG-3 cells with tumor necrosis
factor a (TNF-a) after transfecting LC3 or Beclin 1 or calpain small interfering RNA (siRNA), which blocks cleavage of autophagy-
related gene 5 (Atg5) into N-terminal truncated Atg5 (tAtg5), a mediator between apoptosis and autophagy, and assessed the
changes in LC3-II, caspase 9, caspase 3, and tAtg5. We also assessed the TNF-a-induced changes in LC3-II, caspase 9, and caspase
3 in primary trophoblasts from term placentae after transfecting siRNA for LC3 or Beclin 1. In both types of cells, transfection of
LC3 or Beclin 1 siRNA significantly attenuated TNF-a-induced increases in LC3-II and activations of caspase 9 and caspase 3.
There was significant abrogation of TNF-a-induced expression of tAtg5 after transfection with LC3 or Beclin 1 siRNA. Moreover,
transfection with calpain siRNA significantly decreased TNF-a-induced changes in caspase 3 and caspase 9 in addition to tAtg5 in
JEG-3 cells. Our data suggest that TNF-a-induced autophagy mediates intrinsic apoptosis, probably through tAtg5, in trophoblas-
tic cells.
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Introduction

In normal pregnancies, apoptosis is involved in implantation of

the blastocyst, trophoblastic invasion, tissue remodeling, and

normal placental aging process.1,2 In contrast, increased tropho-

blastic apoptosis has been reported in pregnancies complicated

by fetal growth restriction (FGR) or preeclampsia (PE),3-5

suggesting that altered regulation of trophoblastic apoptosis may

contribute to the pathophysiology of FGR or PE.6

Autophagy has been implicated in pathophysiologic

processes including cellular differentiation, cancer, metabolic

or neurodegenerative diseases, and cell death.7,8 However,

autophagic function in the human placenta is not fully under-

stood. Our previous study showed increased autophagy in

placentae from pregnancies complicated by severe PE,9

suggesting that autophagy plays a role in placental dysfunction.

In addition, autophagic activity, observed in trophoblasts from

term placental villi, was significantly higher in placentae from

the marginal area or cesarean section than those from the

central area or vaginal delivery.10 It was also hypothesized that

autophagy in trophectoderm might be a surviving mechanism

of dormant blastocysts in an experimentally delayed implanta-

tion model.11 These findings imply that autophagy is involved

in the placental pathophysiology in addition to apoptosis.

Recently, cellular machineries involved in the cross-talk

between apoptosis and autophagy including Bcl-2/Bcl-xL/

Beclin 1 protein complex (Beclin 1 is a Bcl-2-related protein

forming a multiprotein complex and known to be an autophagy

inducer in initial stage)12 and N-terminal truncated autophagy-

related gene 5 (tAtg5)13 have been deciphered at the molecular

level. These interconnections of apoptosis and autophagy may

be synergistic or antagonistic in the context of cell type and

stimuli.14,15

We previously showed that tumor necrosis factor a (TNF-a)

increased autophagy in JEG-3 cells.9 In this study, we analyzed
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the relationship between apoptosis and autophagy in JEG-3

cells and primary trophoblasts cultured from human term

placentae under TNF-a stimulation in conjunction with trans-

fection of small interfering RNA (siRNA) for LC3 or Beclin

1 in order to inhibit autophagy. We also analyzed the changes

in tAtg5 to assess the possible role of tAtg5 as a link between

apoptosis and autophagy in trophoblastic cells.

Materials and Methods

Cell Culture and Chemical Treatment

The human choriocarcinoma JEG-3 cell line was obtained from

the American Type Culture Collection (ATCC, Rockville,

Maryland). The cell line was maintained in Dulbecco modified

Eagle medium (DMEM; GIBCO-BRL, Grand Island, New

York) supplemented with 10% fetal bovine serum (FBS;

GIBCO-BRL) containing an antibiotic mixture at 37�C under

a humidified atmosphere containing 5% CO2/95% air.

Primary human cytotrophoblasts were isolated from term

placenta of 6 uncomplicated pregnancies. This study was

approved by institutional review board for Clinical Research

at Samsung Medical Center, and informed consent was

obtained from all participating pregnant women. Isolation of

trophoblasts from placenta was performed using the trypsin-

DNAse-dispase/Percoll method16 with previously published

modifications.17 In brief, fetal membranes and maternal

decidua were removed, and villous tissue was minced into frag-

ments and washed extensively with saline to remove blood

within 30 minutes after delivery. The tissue was then digested

in Hank buffered salt solution containing trypsin-DNase-

dispase at 37�C. Trophoblasts were isolated using a continuous

Percoll gradient, washed, and plated at a density of 300 000

cells/cm2 in DMEM containing 10% FBS, 20 mmol/L

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (pH 7.4;

Sigma-Aldrich, St Louis, Missouri), 0.5 mmol/L L-glutamine,

penicillin (10 U/mL), streptomycin (10 g/mL), and fungizone

(0.25 g/mL). Trophoblast cultures were maintained under stan-

dard conditions in 20% O2 and 5% CO2 atmosphere at 37� C in

order to avoid the possible influence of hypoxia on autophagy.

The cell culture medium was changed every 24 hours.

To examine the regulation of cytokine expression in JEG-3

cells and primary trophoblasts, the cells were stimulated with

30 ng/mL TNF-a (Biosource International Inc, Camarillo,

California) for up to 48 hours. Three independent cultures were

performed for each experiment.

Inhibition of Autophagy

Transfection was carried out using Lipofectamine RNAiMAX

(Life Technologies, Carlsbad, California) according to the

manufacturer’s protocol. One day before transfection, approx-

imately 1� 106 JEG-3 cells were put in a 60-mm2 culture plate

and grown in DMEM medium supplemented with 10% FBS

at 37�C under a humidified 5% CO2 atmosphere. Primary

trophoblasts were used for transfection 4 hours after plating.

The culture medium was changed with Minimum Essential

Media (MEM; GIBCO-BRL) containing 10% FBS approxi-

mately 1 to 2 hours before transfection, and the cells were

placed in a 5% CO2 incubator. To inhibit autophagy, cells were

transfected with 60 pmol of siRNA for Beclin 1 (50-CAGUU

UGGCACAAUCAAUA-30), LC3 (50-GAAGGCGCUUACAG

CUCAA-30), or the small unit of calpain (50-CGCACACA

UUACUCCAACAUU-30). The transfection mixture was added

to the cells and incubated at 37�C under a 5% CO2 atmosphere

in order to avoid the possible influence of hypoxia on autop-

hagy in trophoblastic cells. After 16 hours of siRNA transfec-

tion, the medium containing the transfection mixture was

changed with MEM, and the siRNAs were maintained with

cells. If necessary, TNF-a was added to the medium. The

culture medium was changed every 24 hours.

Western Blotting Analysis

For immunoblot analysis of the cellular proteins, cell lysates

were prepared as follows. JEG-3 cells were washed twice with

cold phosphate-buffered saline and then lysed in a radioimmu-

noprecipitation assay buffer (50 mmol/L Tris-Cl, 150 mmol/L

NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, and 0.1%
sodium dodecyl sulfate [SDS], pH 7.5) containing 1 mmol/L

phenylmethylsulfonyl fluoride. To facilitate complete solubili-

zation of cellular proteins, cell lysates were incubated in ice for

30 minutes and then centrifuged. Protein concentrations for

each sample were determined using the Bio-Rad Protein Assay

(Bio-Rad Laboratories, Hercules, California). Protein (20 mg)

was separated by 10% to 13.5% SDS-polyacrylamide gel elec-

trophoresis under reducing conditions and then electrotrans-

ferred to a polyvinylidene difluoride (Millipore Corporation,

Billerica, Massachusetts) membrane. Blots were blocked for

1 hour with 5% nonfat dry milk in Tween-Tris-buffered saline

(0.1% Tween-20 in 100 mmol/L Tris-Cl [pH 7.5], 0.9% NaCl)

and then the membranes were incubated with polyclonal anti-

bodies to LC3 (PM 036; Medical & Biological Laboratories

Co, Nagoya, Japan), Beclin 1 (CST 3738; Cell Signal Technol-

ogy, Beverly, Massachusetts), calpain (MAB3083; Chemicon

International, Temecula, California), caspase 3 (CST 9502;

Cell Signal Technology), caspase 9 (CST 9662; Cell Signal

Technology), Atg5 (NB110-53818; Novus Biologicals, Little-

ton, Colorado), and tAtg5 (AP1812a; Abgent, San Diego) at

a dilution of 1:200 to 1:1000 overnight at 4�C. Immunoreactive

bands were detected by incubation with goat antirabbit or anti-

mouse IgG conjugated to horseradish peroxidase (diluted

1:5000; Santa Cruz Biotechnology, Santa Cruz, California) at

room temperature for 1 hour. Peroxidase activity was visua-

lized with the enhanced chemiluminescence detection system

(Amersham Pharmacia Biotech, Little Chalfont, Buckingham-

shire, UK) and captured on X-ray film. Blots were stripped

with Restore Western blot stripping buffer (Thermo Scientific,

Rockford, Illinois) and reprobed, when necessary, with b-actin

(Sigma-Aldrich) antibody as a control.
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LC3 Flux Assay Using Bafilomycin A1

Bafilomycin A1 inhibits degradation of autolysosomes, and

increased LC3-II expression in cells treated with bafilomycin

A1 indicates accumulation of LC3-II-positive autophago-

somes.18 To verify that changes in the expression of LC3-II

after transfection of LC3 siRNA were associated with changes

in autophagosome synthesis (autophagic activity) and not with

autophagosome turnover (delayed trafficking to the lysosomes

or impaired lysosomal proteolytic activity), we performed LC3

flux assays using 0.5 mmol/L bafilomycin A1 (B1793; Sigma-

Aldrich).

Statistical Analysis

The densitometry results of Western blots were analyzed using

the Mann-Whitney U test and Kruskal-Wallis test. The results

were considered statistically significant when P values were

less than .05. All analyses were performed using SPSS 19.0

version 9.1 (SPSS Inc, Chicago, Illinois).

Results

Inhibition of Basal Autophagy by siRNA for LC3 or Beclin
1 in JEG-3 Cells

Under naive conditions, we assessed whether LC3 or Beclin 1

siRNA efficiently inhibited autophagy in JEG-3 cells. When

JEG-3 cells were transfected with LC3 siRNA, the expression

of LC3 decreased by about 80% compared with the control

siRNA-transfected cells and nontransfected cells at 24 hours

(Figure 1A). The expression of 16 kDa LC3-II, a marker of

autophagosome formation, was evident up to 24 hours in

JEG-3 cells, reflecting basal autophagy. As expected, the

expression of 18 kDa LC3-I profoundly decreased when cells

were transfected with LC3 siRNA, indicating inhibition of

LC3 synthesis. The expression of Beclin 1 also decreased in

JEG-3 cells by transfection of Beclin 1 siRNA by 50% to

60% compared to control siRNA-transfected cells and

nontransfected cells at 48 hours (Figure 1B).

In LC3 flux assays using bafilomycin A1, which inhibits

degradation of autolysosomes, JEG-3 cells were transfected

with LC3 siRNA and then treated with 0.5 mmol/L bafilomycin

A1. As shown in Figure 1C, the expression of LC3-II (in the

presence and absence of bafilomycin A1) decreased at 24 hours

after transfection with LC3 siRNA compared with control

siRNA. This result indicated that the accumulation of LC3-II

decreased after transfection with LC3 siRNA.

Increased Autophagic and Apoptotic Activity by TNF-a
Treatment in JEG-3 Cells

We previously demonstrated that TNF-a induced autophagy in

JEG-3 cells.9 In order to study the correlation between autop-

hagy and apoptosis, apoptotic activity was assessed in JEG-3

cells treated with TNF-a. Consistent with the previous study,

the expression of LC3-II in JEG-3 cells significantly increased

Figure 1. Knockdown of LC3 and Beclin 1 by LC3 or Beclin 1 siRNA, respectively, and LC3 flux assay in the presence of bafilomycin A1 in JEG-3
cells. A, LC3 expression was determined by Western blot analysis after transfection with LC3 siRNA into JEG-3 cells. The expression of LC3
was determined at 24 hours and 48 hours after transfection with LC3 siRNA, control siRNA, or without transfection. This experiment was
repeated twice, and the representative figure is shown. B, Western blot analysis was performed after transfection with Beclin 1 siRNA into
JEG-3 cells. The expression of Beclin 1 was analyzed at 24 hours and 48 hours after transfection with Beclin 1 siRNA compared with control
siRNA-transfected cells and nontransfected cells. This experiment was repeated twice, and the representative figure is shown. C, LC3 flux assay
was performed in the presence and absence of bafilomycin A1, which inhibits degradation of autolysosomes. JEG-3 cells were transfected with
LC3 siRNA, or control siRNA. Bafilomycin A1 was treated for 24 hours. Representative blots from 3 independent experiments are shown.
Western blotting for b-actin was done for the loading control. Null indicates nontransfected cells; siRNA, small interfering RNA.
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from 24 hours to 48 hours after stimulation with TNF-a com-

pared with nontreated control cultures (Figure 2A). Likewise,

the cleaved forms of caspase 9 (35 kDa and 37 kDa) and cas-

pase 3 (17 kDa and 19 kDa) were significantly increased in

JEG-3 cells at 48 hours after stimulation with TNF-a compared

with nontreated control cultures (Figure 2B and C). Interest-

ingly, tAtg5, which is known as a switch molecule from

autophagy and apoptosis, was also increased in response to

TNF-a treatment (Figure 2D). These results demonstrated that

TNF-a induced both autophagy and apoptosis in JEG-3 cells.

Linkage Between Autophagy and Apoptosis in JEG-3 Cells

To determine whether apoptosis is mediated by autophagy in

the presence of TNF-a, apoptosis was measured under inhibi-

tion of autophagy using siRNAs for LC3 and Beclin 1. When

JEG-3 cells were transfected with siRNA for LC3 or Beclin

1, the increased expression of LC3-II induced by TNF-a was

significantly attenuated at 24 hours compared to control siRNA

(Figure 3A). Similarly, knockdown of LC3 or Beclin 1 by

siRNA in JEG-3 cells decreased TNF-a-induced expression

of the cleaved forms of caspase 9 and caspase 3 at 48 hours

compared to transfection with control siRNA (Figure 3B and

C). These results demonstrated that autophagy induced by

TNF-a might mediate apoptosis.

In order to explore the cross talk between autophagy and

apoptosis in trophoblastic cells, we evaluated the change in

Atg5 after inhibition of autophagy in JEG-3 cells. When

JEG-3 cells were transfected with control siRNA, TNF-a sti-

mulation induced expression of the 24 kDa tAtg5 up to 48

hours. After transfection with LC3 or Beclin 1 siRNA, the

expression of tAtg5 by TNF-a stimulation was profoundly

decreased from 24 hours to 48 hours (Figure 3D).

Inhibition of Calpain Decreased Apoptosis in JEG-3 Cells

When JEG-3 cells were transfected with siRNA against cal-

pain, which cleaves Atg5 into tAtg5, the expression of calpain

was significantly decreased compared with control siRNA

(Figure 4A). Transfection with calpain siRNA attenuated the

TNF-a-induced tAtg5 (Figure 4B). The increased expressions

of the cleaved forms of caspase 9 and caspase 3 induced by

TNF-a were also significantly decreased at 48 hours in

JEG-3 cells transfected with calpain siRNA (Figure 4C and D).

Inhibition of TNF-a-Induced Autophagy by LC3 or Beclin
1 siRNA in Primary Trophoblasts

To investigate whether TNF-a can induce autophagy in pri-

mary trophoblasts or not, primary trophoblasts were prepared

from term placentae, and TNF-a was applied to the primary

cells. Consistent with our observations in JEG-3 cells, the

expression of LC3-II in primary trophoblasts was significantly

increased from 24 to 48 hours after treatment with TNF-a com-

pared with the nontreated controls (Figure 5A). When primary

trophoblasts were transfected with LC3 siRNA, the expression

of TNF-a-induced LC3-II was significantly attenuated at 24

hours compared with the control siRNA (Figure 5B). Although

the transfection efficiency of primary trophoblasts is very low,

the expression of LC3 was reduced by 46% by LC3 siRNA

compared to the control siRNA-transfected primary culture at

0 hour (Figure 5B, right panel). As demonstrated in the JEG-

3 cells, the expression of Beclin 1 was also inhibited in primary

trophoblasts by transfection with Beclin 1 siRNA (data not

shown).

In LC3 flux assays using bafilomycin A1, primary tropho-

blasts were transfected with LC3 siRNA and treated with bafi-

lomycin A1. As shown in Figure 5C, expression of LC3-II was

decreased at 24 hours after transfection with LC3 siRNA com-

pared with control siRNA, indicating decreased flux of LC3-II.

Inhibition of TNF-a-Induced Apoptosis in Primary
Trophoblasts by Inhibition of Autophagy

The activation and cleavage of caspase 9 and caspase 3 were

also significantly increased from 12 hours to 48 hours in pri-

mary trophoblasts after stimulation with TNF-a compared with

nontreated controls (Figure 6A and B). In order to inhibit

autophagy, primary trophoblasts were transfected with LC3

or Beclin 1 siRNA. After 48 hours of TNF-a stimulation, the

activation and cleavage of caspase 9 and caspase 3 were signif-

icantly decreased at 48 hours compared with the siRNA control

group (Figure 6C and D).

Discussion

In this study, we observed that treatment with TNF-a increased

autophagic and apoptotic activity in JEG-3 cells and primary

trophoblasts. An increase in LC3-II was observed earlier than

increases in cleaved caspase 9 and caspase 3, suggesting that

increased autophagy might have preceded apoptosis in JEG-3

cells. In addition, we observed that inhibition of autophagy

by knockdown of LC3 or Beclin 1 attenuated TNF-a-induced

apoptosis with decreased expression of tAtg5. Moreover,

inhibition of cleavage of Atg5 into tAtg5 by transfection with

calpain siRNA resulted in reduction of TNF-a-induced apopto-

sis. Therefore, we hypothesized that inhibition of autophagy

would attenuate TNF-a-induced apoptosis, and the cross talk

between autophagy and apoptosis might be regulated by

calpain-mediated production of tAtg5. In our experience, in

trophoblastic cells, autophagy was induced mainly under apop-

totic stimuli (data not shown). With this background, we inves-

tigated the interconnections of apoptosis and autophagy under

TNF-a stimulation in JEG-3 and primary trophoblasts.

Studies of the relationship between apoptosis and autop-

hagy have shown variable interactions depending on the types

of cell lines and the environment of cells.19-23 First, autophagy

may be required for apoptosis. In T-lymphoblastic leukemia

cell lines, TNF-a-induced apoptosis is completely inhibited

by 3-methyladenine, which inhibits the formation of autopha-

gosomes, implying that the early stages of autophagy are

required for apoptosis.24 In addition, apoptotic stimuli increase
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Figure 2. Effect of TNF-a on LC3-II, caspase 9, caspase 3 activation, and tAtg5 in JEG-3 cells. A, The expression of LC3-II was assessed in the
presence of TNF-a. TNF-a was treated for 24 hours and 48 hours in JEG-3 cells. B, Activation of caspase 9 (cleavage of 47 kDa proform into its
cleaved forms, 35 kDa and 37 kDa) by TNF-a was determined at the indicated time points by Western blot analysis. C, Activation of caspase 3
(cleavage of 35 kDa proform to 17 kDa and 19 kDa) was also determined at the indicated time points by Western blot analysis. D, Expression of
tAtg5 was assessed in JEG-3 cells treated with TNF-a. Right panels demonstrate the expression level of each protein detected by Western
blotting after normalization with b-actin. The data are presented as the mean + SEM of 3 independent experiments (*P < .05). Representative
blots are shown. *indicates nonspecific band; Null, nontreated cells; TNF-a, tumor necrosis factor a; SEM, standard error of the mean; tAtg5,
truncated autophagy-related gene 5.
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Figure 3. Inhibition of TNF-a-induced expression of LC3-II, caspase 9, caspase 3, and tAtg5 by transfection with LC3 or Beclin 1 siRNA in JEG-3
cells. A, The expression of LC3-II was analyzed by Western blotting after treatment with TNF-a at different time points. siRNAs for LC3, Beclin
1, and control were transfected into JEG-3 cells. After 16 hours of transfection, TNF-a was treated for 24 hours and 48 hours. B, Activation of
caspase 9 was analyzed in cells transfected with LC3 or Beclin 1 siRNA after treatment with TNF-a by Western blotting using the antibody to
detect the cleaved forms (35 and 37 kDa). C, Activation of caspase 3 was measured in cells transfected with LC3 or Beclin 1 siRNA in the pres-
ence of TNF-a by Western blotting using the antibody detecting the cleaved forms, 17 and 19 kDa. D, The expression of tAtg5 was analyzed in
cells transfected with LC3 or Beclin 1 siRNA by Western blotting using the antibody against Atg5. The 24 and 56 kDa bands correspond to the
tAtg5 and Atg12-5 complex, respectively. Western blot analysis for b-actin was used as a loading control. Right panels demonstrate the expres-
sion level of each protein detected by Western blotting after normalization with b-actin. The data are presented as the mean + SEM of 3 inde-
pendent experiments (*P < .05), and the representative blots are shown. Atg5 indicates autophagy-related gene 5; tAtg5, truncated autophagy-
related gene 5; *, nonspecific band; 0 hour, before treatment of TNF-a 24 hours after transfection with siRNAs; TNF-a, tumor necrosis factor a;
SEM, standard error of the mean; siRNA, small interfering RNA.
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the number of autophagic particles, and treatment with an anti-

autophagic drug delays apoptosis by inhibiting the release of

cytochrome c from mitochondria and preventing caspase acti-

vation in isolated sympathetic neurons.25 Second, autophagy

and apoptosis may antagonize each other. In contrast with our

result, a recent study reported that the expression of LC3-II and

cleaved poly(adenosine diphosphate ribose) polymerase was

inversely related in cultured trophoblasts.23 Inhibition of cas-

pase 8 leads to autophagic cell death which requires the genes

ATG7 and beclin 1.26 Interestingly, cell death by a caspase

Figure 4. Inhibition of apoptosis via inhibition of tAtg5 production by calpain siRNA in JEG-3 cells. A, The expression of calpain was analyzed in
cells transfected with siRNA for calpain followed by treatment of TNF-a by Western blotting using the antibody against calpain. siRNAs either
for calpain or control were transfected into JEG-3 cells. After 24 hours of transfection, cells were incubated with TNF-a for 24 and 48 hours. B,
The expression of tAtg5 was analyzed in JEG-3 cells transfected with calpain siRNA by Western blotting using the antibody against Atg5. C, The
cleaved forms of caspase 9 were measured in the absence and presence of TNF-a in JEG-3 cells transfected with siRNAs for either calpain or
control by Western blotting. D, The 17 and 19 cleaved forms of caspase 3 were detected in the absence and presence of TNF-a in JEG-3 cells
transfected with siRNA for either calpain or control by Western blotting. Western blot analysis for b-actin was used as a loading control. Right
panels demonstrate the expression level of each protein detected by Western blotting after normalization with b-actin. The data are presented
as the mean + SEM of 3 independent experiments (* P < .05) and the representative blots are shown. * indicates nonspecific band; 0 hour,
before treatment of TNF-a 24 hours after transfection with siRNAs; TNF-a, tumor necrosis factor a; SEM, standard error of the mean; siRNA,
small interfering RNA.
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inhibitor is associated with autophagy-mediated depletion of

the reactive oxygen species detoxifying enzyme catalase and

is inhibited by depletion of ATG7 and Beclin 1.26,27 Moreover,

HeLa cells are sensitized to starvation-induced cell death when

the early stages of autophagy are inhibited either genetically or

pharmacologically.28 In addition to these interactions, experi-

ments using mouse embryonic fibroblasts from the Bax�/�

Bak�/� double knockout revealed that BAX and BAK, which

are required for apoptotic cell death, might have roles in regu-

lating autophagy as well as in modulating apoptosis.15 These 2

types of cell death also manifest themselves in a mutually

exclusive manner, as inhibition of autophagy may switch the

cellular response to death signals from autophagic type II cell

death to apoptotic type I cell death.27 Consistent with previous

findings,24 the results of the present study suggest that

autophagy induced by TNF-a might mediate apoptosis in tro-

phoblastic cells.

The role of tATG5 in cross talk between autophagy and

apoptosis has been reported by several studies. In prostate

cancer cells, induction of autophagy by adenovirus expressing

melanoma differentiation–associated gene 7 leads to calpain-

mediated cleavage of Atg5 in a manner that could promote

switching to apoptosis.19 Overexpression of Atg5 can induce

autophagy and also enhance the susceptibility of tumor cells

to activation of the intrinsic cell death pathway.12,13 Moreover,

Atg5 cleavage is independent of the cell type and apoptotic

Figure 5. Induced expression of LC3-II by TNF-a and LC3 flux assay in the presence of bafilomycin A1 in primary trophoblasts. A, The expres-
sion of LC3-II was measured in primary trophoblasts after treatment with TNF-a for the indicated time. B, The expression of LC3-II was mea-
sured in primary trophoblasts transfected with siRNA for either LC3 or control followed by treatment with TNF-a for 24 hours by Western
blotting. C, The expression of LC3-II was measured in primary trophoblasts transfected with siRNAs for either LC3 or control in the absence
and presence of bafilomycin A1 by Western blotting. Right panels demonstrate the expression level of LC3-II detected by Western blotting after
normalization with b-actin. The data are presented as the mean + SEM from 3 different cell preparations (placentas) for each independent
experiment (*P < .05) and representative blots are shown. TNF-a indicates tumor necrosis factor a; SEM, standard error of the mean; siRNA,
small interfering RNA.
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stimuli.13 In our study, the induction of tAtg5 by TNF-a was

decreased after transfection with LC3 or Beclin 1 siRNA in

JEG-3 cells. We also demonstrated that the increased expres-

sions of tAtg5, caspase 9, and caspase 3 by TNF-a were

decreased by knockdown of calpain using siRNA, which

cleaves Atg5 into tAtg5. We cannot discard the possibility that

knockdown of calpain by siRNA could have effects on its sub-

strates that might have functions in autophagy and apoptosis.

However, in this study, inhibition of autophagic activity by

knockdown of LC3 and Beclin 1 decreased the expression level

Figure 6. Inhibition of TNF-a-induced apoptosis by LC3 or Beclin 1 siRNA in primary trophoblasts cultured from human term placentae. A,
Activation of caspase 9 by TNF-a was determined in primary trophoblasts by detecting its cleaved forms by Western blotting using antibody
against caspase 9 at the indicated time points. B, Activation of caspase 3 (35 kDa proform) into its cleaved forms (17 kDa and 19 kDa) was
detected in primary trophoblasts treated with TNF-a for the indicated times by Western blotting. C, Activation of caspase 9 was determined
in primary trophoblasts transfected with siRNA for the control, Beclin 1, or LC3 followed by treatment with TNF-a at different time points by
Western blotting. D, Activation of caspase 3 was determined in primary trophoblasts transfected with siRNA for the control, Beclin 1, or LC3
followed by treatment with TNF-a at different time points by Western blotting. Right panels demonstrate the amount of cleaved forms of each
protein detected by Western blotting after normalization with b-actin. The data are presented as the mean + SEM from 3 different cell pre-
parations (placentas) for each independent experiment (*P < .05). Representative blots are shown. TNF-a indicates tumor necrosis factor a;
SEM, standard error of the mean; siRNA, small interfering RNA.
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of tAtg5 and inhibited the intrinsic apoptotic pathway in JEG-3

cells. Moreover, activation of caspase 9 and caspase 3 induced

by TNF-a was also attenuated when autophagy was inhibited

by transfection with Beclin 1 or LC3 siRNA in both JEG-3 cells

and primary trophoblasts. This finding suggests that tAtg5

mediates the cross talk between apoptosis and autophagy in pri-

mary trophoblasts under TNF-a stimulation.

In addition to tAtg5, a previous report29 suggested that the

balance between apoptosis and autophagy in cells is finely

tuned through autophagic degradation of caspase 8 in

apoptosis-resistant tumor cells. Caspase can cleave Beclin 1,

thereby destroying its proautophagic activity, and the resulting

C-terminal fragment of Beclin 1 is able to amplify intrinsic

apoptosis.30 In addition, the Bcl-2/Bcl-xL/Beclin 1 complex

is a nexus for both apoptosis and autophagy.31 A previous

report32 showed that Bcl-2 overexpression blocks Beclin 1-

dependent autophagy under nutrient deprivation, but Beclin 1

overexpression does not increase apoptosis and fails to neutra-

lize the antiapoptotic action of Bcl-2, suggesting unidirectional

rather than mutual interaction between Bcl-2 and Beclin 1.

In conclusion, our results suggest that autophagy mediates

the intrinsic apoptotic pathway in trophoblastic cells. Addi-

tional studies of the regulation of autophagy in placentae are

needed in order to unveil its role in normal and complicated

pregnancies.33
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