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Abstract Constitutive tumor necrosis factor-KK expression

(TNF-KK) has been detected in first trimester trophoblast cells

and differentiated syncytiotrophoblasts. However, molecules

which induce TNF-KK release from these cells and their

mechanism of action have not been defined. We show for the

first time that interleukin-1 (IL-1), a regulator of trophoblast

development, induces TNF-KK expression in proliferating cyto-

trophoblastic cells and purified term trophoblasts. Both IL-1KK

and LL stimulate TNF-KK release from BeWo cells and TNF-KK

mRNA was transiently expressed. In growth-arrested/differen-

tiated BeWo cells TNF-KK mRNA was detectable without

inducer, however, in the presence of IL-1LL TNF-KK secretion

was weakly stimulated compared to proliferating cells. Cyclo-

heximide strongly increased IL-1LL-induced TNF-KK mRNA

concentration indicating that de novo protein synthesis is not

required for TNF-KK gene expression. However, treatment with

cycloheximide did not prevent IL-1LL-stimulated release of TNF-

KK, indicating that the cytokine can regulate TNF-KK secretion at a

posttranslational level, independently of TNF-KK mRNA induc-

tion. Besides demonstration of this novel mechanism of IL-1-

stimulated TNF-KK expression, our data indicate an important

role of IL-1 in TNF-KK production of cytotrophoblastic cells.
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1. Introduction

Tumor necrosis factor-K (TNF-K), originally identi¢ed in

macrophages, is a proin£ammatory cytokine which exhibits

pleiotropic e¡ects on cells. TNF-K not only inhibits growth

of certain tumors, but alters proliferation, di¡erentiation and

metabolism of a variety of cells (reviewed in [1]). The role of

TNF-K in various physiological processes was demonstrated,

ranging from in£ammation and protection against infections

to embryogenesis and hematopoiesis [2,3]. Besides its physio-

logical roles TNF-K was shown to be involved in a variety of

diseases and was described as the major mediator of septic

shock [4]. The biological properties of the protein are sig-

nalled through two distinct receptors (p55 and p75) which

mediate their responses via di¡erent signal transducers [5].

Within the reproductive tract the in£uence of TNF-K on

pregnancy-speci¢c hormone expression has been demon-

strated. TNF-K was shown to a¡ect progesterone, estradiol

and human chorionic gonadotropin (hCG) production in pla-

cental fragments and JEG-3 choriocarcinoma cells [6]. More-

over, mouse placental lactogen II expression in trophoblast

cells was selectively inhibited by TNF-K through TNF-K

type I receptor [7].

Endogenous uterine TNF-K expression was originally de-

tected in human decidua and the amniotic £uid [8,9] and in

the murine placenta [10]. In pregnant rats TNF-K mRNA was

shown to be localized in uterine epithelial, decidual and

trophoblast giant cells as well as in placental macrophages.

In the latter, however, immunoreactive TNF-K could not be

identi¢ed which suggested that macrophages do not contrib-

ute to placental TNF-K production under normal physiolog-

ical conditions [11]. In the human placenta, TNF-K mRNA

and protein [12] and a low-a¤nity TNF receptor [13] were

shown to be expressed in placental syncytiotrophoblasts. By

in situ hybridization TNF-K transcripts were also detected in

cytotrophoblast cells isolated from early gestation tissue and

TNF-K protein was immunocytochemically identi¢ed in cho-

riocarcinoma cells used as a model for proliferating tropho-

blasts [14]. However, secretion of TNF-K from growing cho-

riocarcinoma cells [14] was either low (Jar cells) or undetect-

able (JEG-3 cells) suggesting that in vivo additional factors

might be required for TNF-K release from cytotrophoblasts.

Therefore, we were interested to evaluate whether interleu-

kin-1 (IL-1), which is known to play an important role in

placentation, might stimulate TNF-K expression in tropho-

blast cells. In this paper we demonstrate that IL-1 induces

TNF-K secretion from proliferating choriocarcinoma cells as

well as from puri¢ed villous trophoblasts isolated from term

placenta. Moreover, we show that IL-1L enhances TNF-K

mRNA expression in BeWo cells and stimulates release of

preformed TNF-K protein by an independent mechanism.

2. Materials and methods

2.1. Isolation of term trophoblast cells

Term trophoblast cells were isolated from selected placental tissue

between 38 and 41 weeks of gestation after spontaneous delivery or

cesarean section. Brie£y, tissue was subjected to two trypsin (0.125%)/

DNase I (0.16 mg/ml) digestions. After sedimentation of tissue par-

ticles, cell suspension from the supernatant was fractionated on a 5^

70% discontinuous Percoll gradient (Pharmacia Biotech, Uppsala,

Sweden) as previously described [15]. To remove remaining leukocytes

trophoblast cells were further incubated with a CD45 antibody

coupled to magnetic beads (Dynal, Oslo, Norway). Purity of tropho-

blasts was determined on cytospins by counting positive cells after

immunocytochemical detection with an anticytokeratin antibody as

described [16]. Cells with a purity of 85^90% were cultivated on 24-

well plates in DMEM supplemented with 10% fetal bovine serum

(FBS) and antibiotics (100 IU/ml penicillin, 100 Wg/ml streptomycin)

in a humidi¢ed incubator with 5% CO2 and 95% air. Cells were

seeded at a density of 1U10

5
cells/cm

2
. After 24 h in culture, medium

was changed and human recombinant interleukin-1 (R and D Sys-

tems, Abingdon, UK) was added to a ¢nal concentration of 2.5 ng/ml.
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2.2. Cultivation of choriocarcinoma cells

Choriocarcinoma cell lines were obtained from American Type Cul-

ture Collection (Rockville, MD). BeWo choriocarcinoma cells (ATCC

CCL-98) were grown in DMEM supplemented with 10% FBS and

antibiotics (100 IU/ml penicillin, 100 Wg/ml streptomycin). JAR cho-

riocarcinoma cells (ATCC HTB-144) were cultured in RPMI 1640

medium with the same supplements. Cells were maintained under

standard tissue culture conditions in a humidi¢ed incubator with

5% CO2 and 95% air. For treatment with cytokines, cells were seeded

at a density of 2U10

5
cells/cm

2
. After one additional day in culture

fresh medium containing human recombinant IL-1K or IL-1L was

added. For induction of growth arrest/di¡erentiation cells were

treated with 1 WM methotrexate (MTX, Sigma Chemical Co., St.

Louis, MO, USA) added to the growth medium. Induction of TNF-

K release was performed by addition of 2.5 ng/ml IL-1L, 48 h after

addition of MTX. To inhibit protein synthesis, BeWo cells were in-

cubated for 2 h in the presence of 10 Wg/ml cycloheximide (Sigma

Chemical Co.) prior to the addition of IL-1L.

2.3. Measurement of TNF-K from cell culture supernatants

Supernatants were aspirated from cell cultures and frozen on dry ice

after various times of incubation with IL-1K or L. TNF-K concentra-

tion was determined twice in each sample by a one-step `sandwich'

enzyme immunoassay (Immunotech, Marseille, France) according to

the instructions of the manufacturer. The sensitivity of the assay in

culture supernatant was limited to 10 pg/ml. As speci¢ed by the sup-

plier, there is no detectable cross-reactivity with either TNF-L or

di¡erent forms of TNF receptors.

2.4. Isolation and hybridization of RNA

Total RNA was isolated from cells by direct lysis within the culture

£ask using TRI Reagent (Molecular Research Center Inc., Cincinnati,

OH, USA) according to the manufacturer's instructions. For North-

ern blot analyses, equal amounts of RNA (20 Wg) were glyoxylated

and separated by electrophoresis on agarose gels as described [17].

The fractionated RNA was transferred from gels to nylon membranes

(Gene Screen, DuPont NEN), crosslinked to the membrane by UV

irradiation, hybridized to the

32
P-labelled TNF-K cDNA (ATCC

53007), washed and exposed to X-ray ¢lms. Radiolabelling of

cDNA was performed using the Megaprime DNA labelling system

according to the instructions of the manufacturer (Amersham, Buck-

inghamshire, UK). All hybridizations were performed in 50% forma-

mide, 5USSC, 1UDenhardt's solution, 50 mM sodium phosphate

(pH 6.5) and 200 Wg/ml single-stranded salmon sperm DNA for 24

h at 42³C. The last post-washes were in 0.2USSC/0.1% SDS at 65³C.

Filters were stripped and rehybridized with a

32
P-labelled glyceralde-

hyde-3-phosphate dehydrogenase (GAPDH) cDNA fragment. Auto-

radiographs were densitometrically scanned and quanti¢cation of

TNF-K mRNA signals was done with Pdi Analysis Software for Bio-

logical Data. Hybridization signals of TNF-K were normalized ac-

cording to the GAPDH signals.

3. Results

Upon addition of human recombinant IL-1L into the cul-

ture medium of choriocarcinoma cells and isolated term

trophoblasts we observed a time-dependent increase of

TNF-K within the supernatant. In proliferating cytotropho-

blastic cells TNF-K release was rapidly induced. 6 h after

the addition of 2.5 ng IL-1L we detected 360 pg/ml and 393

pg/ml TNF-K in the culture medium of BeWo and Jar cells,

respectively (Fig. 1). Compared to the choriocarcinoma cell

lines we observed a slightly di¡erent kinetics of TNF-K release

from puri¢ed term trophoblast cells and we only detected 248

pg/ml TNF-K 18 h after IL-1L addition (Fig. 1). We have also

measured TNF-K secretion from BeWo, Jar and term tropho-

blasts in the absence of IL-1L at di¡erent times in culture.

However, we could not detect quanti¢able amounts of the

protein suggesting that in non-stimulated cells TNF-K levels

were below the detection limit of the enzymatic TNF-K assay

(910 pg/ml). In BeWo and Jar choriocarcinoma cells TNF-K

secretion was further increased up to 1 ng/ml when cells were

incubated for 24 h in the presence of IL-1L (Fig. 1).

TNF-K release from BeWo cells was induced by IL-1K as

well as IL-1L in a dose-dependent manner. Addition of 10 pg/

ml of human recombinant IL-1K or IL-1L to the culture me-

dium induced quanti¢able amounts of TNF-K after 8 h of

stimulation (Fig. 2A) and 10 ng/ml of each cytokine strongly

enhanced TNF-K release. However, IL-1L was found to be

more e¡ective than IL-1K, at least in the range of 0.1^1 ng/

ml. Furthermore, we investigated the time-dependent induc-

tion of TNF-K secretion in BeWo cells treated with the same

amounts of either IL-1K or IL-1L (Fig. 2B). Consistently,

TNF-K values quantitated from IL-1L-stimulated cells were

higher than those measured in the supernatants isolated

from IL-1K-incubated cells indicating that IL-1L was indeed

the better inducer.

To investigate the molecular mechanism of IL-1-induced

TNF-K expression in more detail, we performed Northern

transfer of RNA isolated from IL-1L-stimulated and non-

stimulated BeWo cells and hybridization with the

32
P-labelled

TNF-K cDNA (Fig. 3). While TNF-K transcripts were unde-

tectable in total RNA from non-induced cells, we observed a

1.9 kb transcript in IL-1L-stimulated cells after a short expo-

sure to ¢lms. Hybridization was speci¢c to the TNF-K mRNA

because the

32
P-labelled cDNA detected the TNF-K transcript

from lipopolysaccharide-stimulated U937 cells (data not

shown). After rapid induction TNF-K mRNA abundance de-

creased 3.5-fold within 4 h (Fig. 3) and was almost undetect-
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Fig. 1. Stimulation of TNF-K secretion upon addition of IL-1L.

BeWo and Jar choriocarcinoma cells were seeded in T25 £asks at a

density of 2U10

5
cells/cm

2
and cultured for an additional 24 h be-

fore induction with 2.5 ng/ml human recombinant IL-1L. Term

trophoblasts were puri¢ed as described in Section 2, seeded at a

density of 1U10

5
/cm

2
and treated with 2.5 ng/ml IL-1L. Cell culture

supernatants were isolated after 0, 6, 12, 18 and 24 h of stimulation

and TNF-K concentration was determined by ELISA. Open and

¢lled circles indicate TNF-K values obtained from Jar and BeWo

cells, respectively. Open squares represent values measured in super-

natants from puri¢ed term trophoblasts. Values are the mean from

three independent experiments, error bars represent S.D.
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able after 18 h of incubation (not shown). Usually, peak levels

of TNF-K mRNA were observed between 1 and 2 h after

induction depending on the experiment. Conversely, TNF-K

concentrations in the supernatant of the same cells steadily

increased up to 318 pg/ml after 4 h of incubation.

To determine whether de novo protein synthesis might be

required for TNF-K mRNA expression we performed IL-1L

induction after treatment with cycloheximide, a potent inhib-

itor of protein translation. BeWo cells were preincubated for

2 h in the presence of cycloheximide and, subsequently, either

stimulated or not stimulated with the cytokine (Fig. 4). Incu-

bation of cells with cycloheximide alone resulted in an in-

crease of TNF-K mRNA; however, active TNF-K was not

released, since the protein could not be detected in the super-

natant. Addition of IL-1L to translationally inhibited cells

strongly induced TNF-K mRNA expression indicating that

the induction of TNF-K transcripts was independent of new

protein synthesis. Interestingly, secretion of TNF-K was not

abolished under those conditions. After 6 h of incubation with

IL-1L we detected 248 pg/ml and 372 pg/ml of TNF-K in

cycloheximide-treated and untreated cells, respectively. Con-

tinuous TNF-K release in the presence of cycloheximide and

IL-1L was also observed in a second, independent experiment

(not shown).

Finally, we analyzed the in£uence of growth arrest and/or

di¡erentiation on IL-1-inducible TNF-K release. BeWo cells

were incubated in the presence of MTX and then incubated in

the presence of IL-1L. Cells which had received the drug for

48 h did not divide in culture, since we could not detect an

increase in cell number relative to the starting culture. How-

ever, cells were viable, as was estimated by trypan blue exclu-
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Fig. 2. A: IL-1K and IL-1L induce TNF-K release in a dose-depend-

ent manner. BeWo cells were seeded at a density of 2U10
5
cells/cm

2

and incubated with di¡erent amounts of recombinant human IL-1K

(hatched bars) or IL-1L (open bars). After 8 h supernatants were

isolated and TNF-K concentration was determined by enzyme im-

munoassay. Bars represent the range in two experiments. B: Time-

dependent TNF-K release upon addition of IL-1K or IL-1L. BeWo

cells, seeded at a density of 2U10
5
cells/cm

2
, were incubated with

3 ng of human recombinant IL-1K or IL-1L. Cell culture super-

natants were aspirated after 1, 2, 4 and 6 h and TNF-K concentra-

tion was determined as described above. Hatched and open bars in-

dicate TNF-K values after stimulation with IL-1K or IL-1L,

respectively. Bars represent the range in two experiments.

Fig. 3. TNF-K mRNA expression in IL-1L-induced BeWo cells.

BeWo cells were incubated in the presence of 2.5 ng/ml human re-

combinant IL-1L. Supernatants were aspirated from cells 0, 1, 2,

and 4 h after IL-1L addition and total RNA was prepared as de-

scribed in Section 2. TNF-K mRNA expression was visualized by

hybridization with the
32
P-labelled TNF-K cDNA. Quanti¢cation of

signals was performed by densitometric scanning of the autoradio-

graphs. TNF-K values were normalized to GAPDH hybridization in

each sample. TNF-K release was quantitated from supernatants by

ELISA. TNF-K and GAPDH mRNA (arrows) and TNF-K concen-

tration in the medium (open bars) are indicated.
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sion, and hCG secretion, measured by RIA, was 3.5-fold in-

duced suggesting functional di¡erentiation (data not shown).

Contrary to proliferating cells, MTX-treated cells displayed

TNF-K mRNA expression and protein secretion without

any inducer (Fig. 5). When IL-1L was added TNF-K

mRNA expression and TNF-K release were enhanced in

both growing as well as non-growing cells. In proliferating

cells the TNF-K concentration rose to 182 pg/ml within 2 h

while in di¡erentiated cells 319 pg/ml was detected. However,

the relative induction in MTX-treated cells was only 2.2-fold

between 0 and 2 h suggesting that inducible secretion of the

cytokine was downregulated in resting cells.

4. Discussion

TNF-K was found to be expressed in cytotrophoblasts, cho-

riocarcinoma cells and syncytiotrophoblasts [12,14], and its

role in placental hormone secretion has been demonstrated

[6,18]. However, to our knowledge, factors which actually

stimulate the release of TNF-K from trophoblast cells were

not described. Therefore, we have investigated TNF-K expres-

sion in the presence of IL-1L, another cytokine which is in-

volved in the trophoblast-di¡erentiation process. IL-1L has

been detected in maternal decidua during pregnancy [19,20]

and was shown to stimulate aromatase activity [21], secretion

of hCG from cytotrophoblasts [22], and metalloproteinase

activity, thereby modulating trophoblast invasion [23]. Here,

we demonstrate that IL-1L e¤ciently induces TNF-K release

from proliferating BeWo and JAR choriocarcinoma cells and

puri¢ed term trophoblasts in culture. Both IL-1K and L stim-

ulate TNF-K secretion with doses as low as 10 pg/ml, suggest-

ing that IL-1 could also be an important regulator of TNF-K

expression in vivo. Secreted TNF-K protein might control

proliferation of cytotrophoblasts by positive feedback on the

TNF-p60 receptor, which is required for ongoing DNA syn-

thesis in cytotrophoblastic cells [14]. On the other hand, IL-1L

was shown to decrease proliferation of cultured BeWo cells in

a dose-dependent manner [24] which might be explained by

the cytostatic e¡ects of TNF-K. Indeed, TNF-K was shown to

induce apoptosis in primary cytotrophoblasts and syncytiotro-

phoblasts and a role in the regulation of trophoblast turnover

has been suggested [25,26]. In vivo, however, trophoblast cells

are exposed to a complex mixture of cytokines and their an-

tagonists. Therefore, the cytotoxic e¡ects of TNF-K might be
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Fig. 4. The in£uence of cycloheximide on Il-1L-induced TNF-K mRNA expression and protein release. BeWo cells were treated for 2 h with 10

Wg/ml cycloheximide (C) and then incubated with or without 2.5 ng/ml IL-1L. As a control, cells which did not receive cycloheximide treatment

were stimulated with the same amount of IL-1L. Cell supernatants and RNA were isolated after 2, 4, and 6 h of incubation. TNF-K protein in

the medium (open bars) and TNF-K and GAPDH mRNA were analyzed as described above.

Fig. 5. Inducible TNF-K mRNA expression and secretion in prolif-

erating and growth-arrested cells. BeWo cells were seeded at a den-

sity of 4U10

5
cells/cm

2
. Before reaching con£uency medium with or

without 1 WM methotrexate was added. Cells were cultivated for an

additional 48 h and 2.5 ng/ml recombinant IL-1L was added. Cell

culture supernatants as well as RNA were isolated after 0, 0.5, 1 and

2 h and analyzed as described above. To compare the release of ac-

tive TNF-K from proliferating and di¡erentiated cells, TNF-K pro-

tein concentrations (open bars) were normalized to the individual

cell number of MTX-treated and non-treated cultures.
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counteracted by soluble TNF receptors which are e¤ciently

secreted from ¢rst trimester trophoblastic villi [27].

Expression of the human TNF-K gene was shown to be

regulated at multiple levels, including gene transcription, turn-

over of TNF-K mRNA and protein processing (reviewed in

[28]). The TNF-K promoter contains several recognition se-

quences for NF-UB [29] but depending on cell type and stim-

ulus, distinct combinations of binding sites as well as di¡erent

factors are required for transcriptional activation [30]. IL-1-

induced increase of IL-6 mRNA is performed by NF-UB ac-

tivation, which has also been implicated in IL-1-mediated

TNF-K gene transcription [31].

TNF-K mRNA production has been detected in poly A

�

RNA from choriocarcimona cells [14] ; however, in total RNA

isolated from non-stimulated BeWo cells we did not observe

TNF-K transcripts after short exposure suggesting that con-

stitutive mRNA expression is low. Upon addition of IL-1L

TNF-K mRNA was easily detectable under our experimental

conditions and we observed a transient TNF-K mRNA ex-

pression which is typical of NF-UB-activated genes [32].

Although we have not measured gene transcription directly,

we demonstrate that IL-1-induced increase of TNF-K mRNA

does not require de novo protein synthesis, suggesting that in

trophoblast cells TNF-K transcription might be induced by

the well described posttranslational activation of NF-UB

and/or NF-UB-like molecules [33]. On the other hand, TNF-

K gene transcription was shown to be repressed by short-lived

DNA-binding proteins [34]. IL-1L might therefore facilitate

transcription by inactivating these repressors.

We found that TNF-K mRNA expression was highly up-

regulated in the presence of cycloheximide and IL-1L. Super-

induction of TNF-K mRNA has been explained by transla-

tional inhibition of a degrading RNase which mediates the

rapid turnover of the transcript via destabilizing elements in

the 3P region of the mRNA [35]. Indeed, in BeWo cells we

observed TNF-K mRNA induction after cycloheximide treat-

ment in the absence of IL-1L. Therefore, we assume that the

strong expression of TNF-K mRNA upon addition of both

substances was due to the combined e¡ect of cycloheximide-

induced stabilization of transcripts and IL-1-induced tran-

scriptional activation.

Interestingly, there is only a minor contribution of newly

synthesized TNF-K mRNA to the overall TNF-K expression,

since inducible TNF-K release was not abolished in cytotro-

phoblastic cells which had been translationally inhibited 2 h

before incubation with IL-1L. This result indicates that IL-1L

induces TNF-K secretion of constitutively synthesized TNF-K

protein without a requirement for new protein translation and

independently of stimulation of TNF-K mRNA expression.

This might by accomplished by posttranslational activation

of protease(s) which process the membrane-anchored pro-

TNF-K to the mature, secreted form by internal protein cleav-

age [36,37].

Finally, we demonstrate that growth arrested/di¡erentiated

BeWo cells express higher levels of TNF mRNA and secreted

protein than proliferating cells. However, TNF-K release was

found to be less inducible upon IL-1L treatment. This result

suggests that IL-1 type 1 receptors which were detected on

early gestation trophoblasts [23] might be downregulated dur-

ing trophoblast di¡erentiation but further studies are needed.

In summary, we demonstrate for the ¢rst time that IL-1 is a

potent inducer of TNF-K in cytotrophoblastic cells. Accord-

ingly, it is tempting to speculate that IL-1L, which is highly

expressed in ¢rst trimester trophoblasts but produced at low

levels in the third trimester [23], might also control TNF-K

expression in vivo and thereby in£uence trophoblast di¡eren-

tiation and/or turnover. On the other hand, in infected fetal

membranes, IL-1 released from placental macrophages, troph-

oblasts or other sources might induce secretion of large

amounts of trophoblast-derived TNF-K. This may enhance

in£ammatory reactions as well as cytotoxic e¡ects of TNF-K

on the trophoblast.
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