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Abstract:

JEG-3 cells were used to compare the effects of two isomers of DDT (1,1,1,-trichloro-2,2-bis(p-chlorophenyl)ethane), p,p’-DDT

and o,p’-DDT and their metabolite DDE (1,1,-dichloro-2,2-bis(p-chlorophenyl)ethylene) on progesterone (P4) and human chorionic

gonadotropin (hCG) secretion and cell apoptosis. Cells were treated with 1, 10, 100 ng/ml or 1 �g/ml of each compound for 24 or

72 h. Twenty four hours of exposure at 1 �g/ml of p,p’-DDT and o,p’-DDT decreased, whereas both DDEs, at all investigated con-

centrations, increased P4 secretion. Seventy two-hour exposure to all concentrations of both isomers of DDT and their metabolite

DDE stimulated progesterone secretion.

Statistically significant decrease in hCG secretion after 24 h and increase in hCG secretion after 72 h exposure for all investigated

compounds was noted. Decrease in caspase-3 activity was observed in cells exposed to both isomers of DDT and its metabolites.

These findings indicate that both isomers of DDT and their metabolite DDE are able to alter main placental hormone production and

survival of JEG-3 cells in the concentration- and time-dependent manner.
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Introduction

DDT (1,1,1,-trichloro-2,2-bis(p-chlorophenyl) ethane),

the insecticide with a broad spectrum of activity was

banned in several countries in the early 1970s, be-

cause of ecological concerns. However, it is still used

in some developing countries or for control of some

diseases, like typhus and malaria, therefore, it will

continue to enter the environment.

In living cells, DDT is metabolized to the DDE

(1,1,-dichloro-2,2-bis(p-chlorophenyl)ethylene) and

DDD (1,1-dichloro-2,2-bis(p-chlorophenyl)ethane).

DDT and its metabolites are characterized by rela-

tively low toxicity, but they have the ability to accu-

mulate in fatty tissues of humans and animals [11,

48]. For this reason, these compounds are persistently

present in the environment and resistant to complete

degradation [38]. The analysis of maternal adipose

tissue, maternal blood serum, umbilical cord serum,

colostrum, mature milk and amniotic fluid indicate

circulation of these compounds through all compart-

ments of maternal body [13, 30, 32, 40]. It is well

known that DDT and its metabolites are able to cross

the placenta, when they are accumulated [4]. There
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are also epidemiological studies reporting an associa-

tion between levels of these compounds in maternal

blood and miscarriage rate, premature rupture of fetal

membranes, preterm birth and fetal development [18,

22, 34]. Human placenta is responsible for the pro-

duction of a number of hormones necessary for nor-

mal fetal development and pregnancy maintenance.

The possible actions of DDT is its direct action on

hormone secretion by placental tissue or action on tro-

phoblast remodeling. Surprisingly, data concerning

the direct action of DDT on placental tissue are

scarce. We used JEG-3 cells (choriocarcinoma cell

line) as a trophoblast cell model to study placental

function and to understand the differences in the ac-

tion of DDT and its metabolite DDE on placental ster-

oidogenesis. These cells are morphologically similar

to their cells of origin, the trophoblast of the normal

first trimester. JEG-3 cells produce many peptides and

steroid hormones found in normal trophoblast cells,

such as hCG, GnRH and progesterone [10, 35, 56].

The aim of the present study was to compare time-

dependent action of two isomers: p,p’-DDT and o,p’-

DDT and their metabolite, respective DDEs on spe-

cific endocrine endpoints (progesterone and hCG se-

cretion) and to determine action of the toxicants on

cell viability and apoptosis.

Materials and Methods

Reagents

M199, trypsin, and calf serum (FBS), antibiotic/an-

timycotic solution (100×) TRIS, Na-desoxycholate,

Nonidet NP-40, sodium dodecyl sulfate SDS, prote-

ase inhibitor (EDTA-free), EDTA, DTT, Tween 20

and bromophenol blue were purchased from Sigma

Chemical Co. (St. Louis, MO, USA). DDT com-

pounds (p,p’-DDT, o,p’-DDT, p,p’-DDE and o,p’-

DDE) were purchased from Reference Standards,

EPA, Research Triangle Park, NC, USA. Stock solu-

tions of these test compounds in DMSO were pre-

pared and added to M199 supplemented with 5%

FBS. The final concentration of DMSO in the me-

dium was always 0.1%.

Cell culture

The JEG-3 choricarcinoma cell line was obtained

from American Type Cell Culture (Rockville, MD,

USA). The cells were cultured in DMEM without the

phenol red (Sigma Chemical Co. St. Louis, MO,

USA) containing 10% charcoal-stripped (and thus de-

pleted of steroid hormones) FBS (Sigma Chemical

Co. St. Louis, MO, USA) and 100UI/ml penicillin and

100 �g/ml streptomycin. The cells were plated in 48-

well plates (NUNC) at the density of 5 × 10� (for 24 h

treatment) or 3 × 10� (for 72 h treatment) and initially

cultured for 24 h, under the humidified 5% CO�/95%

air atmosphere at 37°C. After this time, the medium

was changed for DMEM supplemented with 5% of

charcoal-stripped FBS in the presence of 1, 10,

100 ng/ml and 1 �g/ml of p,p’-DDT, p,p’-DDE, o,p’-

DDT or o,p’-DDE (Reference Standards, EPA, Re-

search Triangle Park, NC, USA) These concentrations

cover the range of concentrations of DDT and DDE

reported to be present in serum of pregnant woman

[36, 41] After 24 h or 72 h of culture, the medium and

cells were collected and frozen at –20°C. Similar ex-

periments have been conducted on 96-well plates for

determination of LDH and caspase-3 activity by the

colorimetric methods. The cell density was 5 × 10�

per well. After 24 h of culture, 100 �l of medium was

collected for LDH analysis, whereas cells were frozen

for caspase-3 activity measurement.

Hormone analysis

The concentration of �-human chorionic gonadotro-

pin (hCG) and progesterone (P4) was determined in

the media by EIA using kits (DiaMetra, Italy) accord-

ing to the manufacturer’s instructions. All samples

were run in duplicate in the same assay.

Inter- and intraassay coefficients of variation for

hCG kits were 6.25% and 4.32%, respectively. For

progesterone kits, the inter and intra-run coefficients

of variation were 4.8% and 2.9%, respectively.

Caspase-3 activity

After replacing media with caspase assay buffer

(50 mM HEPES, pH 7.4, 100 mM NaCl, 0.1% CHAPS,

1 mM EDTA, 10% glycerol, and 10 mM dithiothrei-

tol), cell lysates were incubated with caspase-3 sub-

strate. A colorimetric assay for caspase-3 was per-

formed using the Caspase-3 Colorimetric Assay
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(R&D System Inc). The amounts of colorimetric

products were monitored continuously till 90 min

with a spectrophotometer (Bio-Tek Instruments,

Biokom) at wavelength of 405 nm.

Statistical analysis

Data are presented as the mean ± SEM of three inde-

pendent experiments. Each treatment was repeated

three times (n = 3) in quadruplicates, and, thus, the to-

tal number of replicates was 12. The average of the

quadruplets was used for statistical calculation. Data

were analyzed by one-way analysis of variance

(ANOVA) followed by Tukey multiple comparison

procedure.

Results

To determine the effects of the DDT and its metabo-

lite on progesterone and hCG secretion, JEG-3 cells

were treated with various concentrations of p,p’-DDT,

o,p’-DDT or its metabolites, p,p’-DDE and o,p’-DDE,

for 24 h (short-term exposure) or 72 h (long-term ex-

posure).

Effects of short- and long-term exposure

to DDT-isomers and their metabolite,

DDE on hormone secretion

Progesterone secretion

Twenty four hour-exposure to p,p’-DDT decreased

progesterone secretion in response to the highest con-

centration (1 �g/ml), whereas its metabolite, p,p’-

DDE at a dose of 10 ng/ml caused a statistically sig-

nificant increase in progesterone secretion (p < 0.05)

(Fig. 1A).

The second isomer, o,p’-DDT, except the highest

concentration, stimulated the secretion of this hor-

mone. Also its metabolite, o,p’-DDE showed stimula-

tory action on progesterone secretion.

Seventy two-hour exposure to all concentrations of

both isomers of DDT and their metabolite DDE

stimulated progesterone secretion (Fig. 1B).

hCG secretion

Twenty four-hour exposure of JEG-3 cells to p,p’-

DDT, o,p’-DDT and their metabolites, p,p’-DDE and

o,p’-DDE, caused the decrease in hCG production

(Fig. 2A).

In contrast to 24-h treatment, 72-h exposure to both

DDTs and DDEs dose-dependently stimulated hCG

secretion (Fig. 2B).

Effects of short- and long-term exposure to

DDT-isomers and their metabolite, DDE on

caspase-3 activity

p,p’-DDT and p,p’-DDE inhibited spontaneous

caspase-3 activity, both after 24-h and 72-h exposure

(Fig. 3A,B). In contrast, higher concentrations

(100 ng/ml and 1 �g/ml) of o,p’-DDT and o,p’-DDE

increased caspase-3 activity after both 24-h and 72-h

exposure.

Discussion

Progesterone and hCG synthesis are important func-

tions of human placenta Progesterone is a hormone

necessary for maintaining of pregnancy and in the

second and third trimester is produced mainly by pla-

cental tissue [45]. The inhibition of progesterone syn-

thesis or action could be the reason of abortion or pre-

term birth [12, 29]. Results of our study showed time-

and isomer-specific effects of DDT. In the present ex-

periments we have observed that after short-term ex-

posure, o,p’-DDT and o,p’-DDE stimulated proges-

terone secretion in cultures of JEG-3 cells. The stimu-

latory action of p,p’-DDT and p,p’-DDE on

progesterone synthesis was demonstrated mainly after

long-term exposure. Interestingly, we noted the sig-

nificant inhibition of progesterone secretion after 24-h

exposure in response to the highest dose of both par-

ent isomers. Similar data were reported by Nejaty et

al. [47] who found that after 48 h of treatment, small

concentrations of 2,4’-DDT increased, whereas high

concentration decreased the basal progesterone pro-

duction in rat granulosa-luteal cells. Lindeau et al.

[39] reported that DDT decreased the level of proges-

terone in serum of pregnant rabbits. It was also re-

ported that DDE inhibited the progesterone produc-

tion by rat and pig granulosa cells [9, 14, 15, 26, 27].
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On the other hand, Crellin et al. [15] showed the

stimulation of progesterone production by DDE in 8-

bromo-cAMP-stimulated porcine granulosa cells

from pigs as well as in stable porcine granulosa cell

line JC-410. They found also that the changes in pro-

gesterone synthesis corresponded with the changes in

the level of mRNA for cytochrome P450scc, the en-

zyme important for the first step of progesterone syn-

thesis. Thus, the inhibition or stimulation of P450scc

gene expression could be the possible mechanism of

action of DDT and its metabolite also in placental

cells. Our data for the first time indicated that the ef-

fect of DDT and DDE on progesterone secretion by

placental cells was not only dependent on the concen-

tration but also on the time of exposure.

The placenta is also the source of human chorionic

gonadotropin (hCG), the protein hormone which

stimulates progesterone production both, in early

phase of pregnancy when the progesterone is pro-

duced by corpus luteum and in the late phase of gesta-

tion when this hormone is synthesized mainly by pla-

centa [38]. The results of the present study showed

differences in the action of DDT and its metabolite on

hCG secretion by JEG-3 cells. Moreover, these effects
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were dependent on duration of exposure. The short-

term exposure decreased hCG secretion in response to

both DDT isomers and its metabolites, while after

long-term exposure, we observed the opposite effect.

Surprisingly, there are no data concerning the action

of DDT on hCG secretion by placenta and even on

JEG-3 cell line, so it is difficult to discuss our results.

There are interesting data concerning the action of

TCDD on progesterone and hCG secretion by JEG-3

cells [3] which showed that TCDD decreased hCG

level in the culture medium and inhibited the proges-

terone secretion. Also Guo et al. [24, 25] observed

that TCDD decreased the bioactive, but not immuno-

reactive hCG concentration in the serum of the preg-

nant cymologus macaques. The inhibition of hCG se-

cretion by DDT and DDE under short-term exposure

with concomitant stimulation of progesterone secre-

tion, observed in our experiments, could be explained

by many in vitro studies, which showed that both pro-

gesterone and estrogens inhibited hCG secretion in

cultures of placental explants [43, 53, 55]. On the

other hand, the data concerning the ability of estradiol

to inhibit progesterone production has been observed

in cultures of hamster ovarian follicles and in cultures
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of preovulatory granulosa cells from cows [21, 52],

rhesus monkeys [28], and humans [49, 59]. Similar

synergistic mechanism could possibly operate be-

tween DDT and progesterone because this compound

was reported to have both estrogenic as well antiestro-

genic properties [1, 34].

In contrast to the short-term exposure, long-term

exposure caused the dose-dependent stimulation of

hCG production. There are data about stimulation of

hCG in JEG-3 choriocarcinoma cells induced by

some fungicides [46] or TCDD [24]. Nakanishi et al.

[46] who found that a non-toxic concentration of trial-

kyltin increased hCG secretion in a dose- and time-

dependent fashion. It is possible to draw an indirect

conclusion that the lack or decrease in estradiol secre-

tion in response to DDT and DDE is responsible for

stimulatory effect of these compounds on hCG and

progesterone secretion during the long-term exposure.

Many studies showed an important role of hCG in

the regulation of cell proliferation, differentiation and

apoptosis during human placental trophoblast forma-

tion [16, 54, 58]. It is well known that apoptosis is im-
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portant for normal placental development, but it may

be also involved in the gestational pathologies [44].

This process has been demonstrated in normal pla-

centa throughout pregnancy. Its concurrent appear-

ance with cell proliferation reflects the growth and re-

modeling of the placenta. These two processes to-

gether maintain the placental tissue homeostasis [8].

In the present experiments, we demonstrated that

DDT and DDE could act as both proapoptotic or anti-

apoptotic factor, depending on isomer type and its

concentration. Small concentration of all these com-

pounds tended to decrease caspase-3 activity. Caspa-

se-3 is the main executor enzyme in apoptotic process

and is activated by the proteins involved in the initiat-

ing phase [2]. We observed independent on time of

exposure antiapoptotic action of p,p’-DDT and its me-

tabolites. However, dose-dependent inhibitory (low

doses) or stimulatory (high doses) action was noted in

the case of o,p’-DDT and o,p’-DDE. Although activa-

tion of caspase-3 activity is observed within a few

hours after exposure to injury factor [33], in our ex-

periment changes in the caspase-3 activity were main-

tained 24 and even 72 h.

The apoptotic action of DDT and its two metabo-

lites DDE, DDD was documented in blood cells [51].

To date only one paper suggested a possibility of the

induction of apoptosis by p,p’-DDT in JEG-3 cells.

Derfoul et al. [17] reported that after 48-hour expo-

sure, the concentrations of 1, 10 and 100 �M of p,p-

DDT inhibited JEG-3 cell proliferation, induced their

apoptosis and suppressed the expression of several

marker genes responsible for trophoblast differentia-

tion. Our results did not confirm these data probably

because we used much lower concentrations of DDT

and the cells were cultured in medium containing se-

rum. The differences in culture conditions and con-

centration of chemicals could be the best explanation.

However, the authors [17] claimed that only the high-

est concentration of p,p’-DDT (100 �M) was toxic. It

is well known that the in vitro culture in serum-free

conditions induces cell apoptosis [5, 7, 23, 42]. Nev-

ertheless, we used in our experiments serum-

supplemented medium, and we did not observe stimu-

latory effects of p,p’-DDT and o,p’-DDT and their

metabolites on cell proliferation, either. However, we

found the antiapoptotic action of p,p’-DDT and p,p’-

DDE. DDT had similar antiapoptotic effects on

MCF-7 cell line [19] and FTO-2B hepatoma cells [5,

6]. Wright et al. [57] demonstrated that p,p’-DDT in-

hibited DNA fragmentation induced by UV light in

several tumor cell lines. Moreover, he suggested that

the inhibition of apoptosis could be a mechanism of

tumor promotion.

On the other hand, the action of DDT and DDE on

the apoptosis could be related to the ability of these

compounds to bind to estrogen receptors which are in-

volved in the regulation of cell proliferation [31, 35,

37, 50].

In summary, the present results demonstrated for

the first time the differences in the action of two iso-

mers of DDT and its metabolites DDE and their

time-dependent effects on human chorionic gonado-

tropin and progesterone secretion by JEG-3 cell line.

These results also showed antiapoptotic effects of

p,p’-DDT and its metabolite at all investigated doses

and after both short-term and long-term exposure. In-

terestingly, small doses of o,p’-DDT and p,p’-DDE

caused antiapoptotic effects in contrast to higher

doses which were proapoptotic.

In conclusion, the data of the present study demon-

strate the ability of both isomers of DDT and their

metabolite DDE to alter main placental hormone pro-

duction and survival of JEG-3 cells.
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