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Abstract. In the present study, the effects of various cytokines on parathyroid hormone-related protein (PTH-rP) 

production and PTH-rP mRNA expression in human amnion cells were studied. Immunoreactive (ir) PTH-rP was 
measured by immunoradiometric assay and the expression of PTH-rP mRNA was determined by Northern blot 
analysis. The addition of interleukin-1 (IL-1,0, 10 ng/ml) and IL-6 (10 ng/ml) in culture medium for 24 hours 
resulted in a significant increase in ir-PTH-rP levels by 1.5 and 1.6 fold, respectively. The effects of these agents were 
dose dependent. In contrast, IL-2 (10 ng/ml) and IL-8 (10 ng/ml) showed no effect on the production of ir-PTH-rP 
from amnion cells. Treatment with IL-1jl or IL-6 for 6 hours increased the expression of PTH-rP mRNA in amnion 
cells. The stimulatory effect of IL-lp was reduced by IL-1 receptor antagonist (IL-1Ra) in a dose dependent manner. 
Both tetradecanoyl phorbol acetate (TPA), and forskolin increased PTH-rP mRNA levels and the PTH-rP 

production in amnion cells, and the effect of TPA was much greater than that of forskolin. The findings of the 
present study suggest of the participation of inflammatory cytokines for the regulation of PTH-rP production in 
human amnion cells.
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PARATHYROID hormone-related protein (PTH-

rP) was discovered as a hypercalcemia-inducing 

product of malignant tumors [1] . The protein shares 
sufficient amino-terminal homology with parathyroid 

hormone (PTH) that can activate adenyl cyclase via 

PTH/PTH-rP receptor. While PTH gene has a 

simple structure and appears to be expressed prin-

cipally by the parathyroid gland, the PTH-rP gene 
has a complex organization and is expressed in a wide 

variety of normal tissues and cell types including the 

tissues of fetus and those of the reproductive tract 

[2-8]. Amnion tissue is known to express quite a 
large amount of PTH-rP during pregnancy. Shew et
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al. demonstrated that the N-terminal of the first 34 
amino acids of PTH-rP reduced the magnitude of 
acetylcholine stimulated uterine contraction in rats 

[9]. Pitera et al. found that PTH-rP inhibited the 
contractile effect of high doses of oxytocin in the 
lower segment, corpus, and fundus of the baboon 
uterus [10]. Furgason et al. found that PTH-rP 
mRNA in amnion was decreased by 78% after rup-
ture of the fetal membrane [6]. Intrauterine oc-
cupancy and stretching of the uterine cavity may 
stimulate PTH-rP production in human amnion, and 
PTH-rP would be quiescent the uterus, allowing it to 
accommodate the growing fetus. The PTH-rP con-
centration in amniotic fluid is approximately 15 times 
higher than in either fetal or maternal plasma and its 
concentration is comparable to those found in the 

plasma of patients with humoral hypercalcemia of 
malignancy [1 1 ] . There are several reports on the 
PTH-rP concentration in amniotic fluid during preg-
nancy. Dvir et al. collected amniotic fluid at 16-18
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weeks of gestation and term and reported that the 
levels of PTH-rP did not change during pregnancy 

[12]. In contrast, Wlodek et al. reported that the 
PTH-rP concentration in amniotic fluid is greater at 
term (37-42 weeks) than in the middle of gestation 

(15-36 weeks) [13, 14], but the mechanism of regula-
tion of PTH-rP in human amnion which is thought 
to be one of the major sources of PTH-rP in amniotic 
fluid is not clear yet. Many groups of investigators 
have evaluated amniotic fluid collected during nor-
mal and preterm labor to identify and quantify 
mediators of inflammation. For example IL-1jS, a 

primary cytokine produced rapidly in response to 
infection, which acts in many cells to promote the 
synthesis of many other cytokines and other media-
tors of inflammation [15]. IL-6 levels in amniotic 
fluid were much higher in the group of intrauterine 
infections such as chorioamnionitis than in those 
without infection [16, 17]. It is now known that 

preterm labor induced by an increase in inflammatory 
cytokine is promoted by the production of prosta-

glandins in decidua, but the effect of inflammatory 
cytokines on PTH-rP production in amnion cells is 
unclear. The aim of this study was to determine 
whether inflammatory cytokines regulate the produc-
tion of PTH-rP and expression of PTH-rP mRNA 
in amnion cells.

Chemicals

Materials and Methods

 IL-1j9 was kindly provided to us by Otsuka Phar-

maceutical Co., Ltd. IL-2, IL-6 and IL-8 were pur-

chased from R & D systems Inc. (Minneapolis, MN, 

USA). TPA was purchased from Sigma Chemical 

Company (St. Louis, MO, USA). Foskolin were 

purchased from BIOMOL Research Laboratories 
Inc. (Plymouth Meeting, PA, USA). Recombinant 

human IL-1 receptor antagonist was purchased from 

Pepro Tech EC Ltd (St. James' Square, London, 

England). All other chemicals were reagent grade.

Isolation and culture of human amnion cells

 Amnion tissues were obtained from normal preg-

nancies at the time of elective Cesarean section con-

ducted before the onset of labor at 37 to 41 weeks of

gestation. Informed consent for the use of these 
tissues was obtained from each patient and our study 
was approved by the ethical committee of Showa 
University School of Medicine prior to the surgical 

procedure. Immediately after delivery, the reflected 
amnion was separated from the chorion laeve by 

gentle traction. Isolation of amnion epithelial cells 
was carried out based on procedures described by 
Rice Okita et al. [18]. Briefly, The reflected amnion 
was placed in Hanks' balanced salt solution (HBSS) 

(GIBCO, BRL) that contained penicillin G (GIBCO, 
BRL) (200 U/ml), streptomycin sulfate (GIBCO, 
BRL) (200 cg/ml), and amphotericin B (GIBCO, 
BRL) (0.5 tag/ml). The amnion was rinsed in HBSS 
until free of blood contamination and then minced 
with a scalpel into approximately 20- to 50 mm2 

pieces. Then amnion tissue was digested twice with 
a digestioning solution consisting of basal medium 

(BM; Dulbecco's Modified Eagle Media/Ham's F-12) 
(GIBCO, BRL) supplemented with trypsin (GIBCO, 
BRL) (5 mg/ml), deoxyribonuclease (BOEHRIN-

GER MANNHEIM GmbH, Mannheim, Germany) 

(1.5 mg/ml), penicillin G (100 U/ml), streptomycin 
sulfate (100 ,ug/ml) and amphotericin B (0.25 pg/ml) 
at 37°C in humidified air with 5% CO2 for 120 min. 
Nonisolated fragments were separated by filtration 
through a nylon mesh. The isolated amnion cells 
were cultured in DMEM/F12 medium supplemented 
with 10% fetal bovine serum (JRH Bioscience), 

penicillin G (100 U/ml), streptomycin sulfate (100 
pg/ml), and amphotericin B (0.25 pg/ml) at 37°C in 
humidified air with 5% CO2. With this procedure, 
we obtained 4 x 10' amnion epithelial cells from 10-
15 g amnion tissue with a cell viability of approxi-
mately 80%, as determined by trypan blue (0.05%) 
exclusion.

PTH rP production in amnion cell culture

 Confluent amnion cells in primary culture were 

passed by standard methods of trypsinization, plated 
in 6 well dishes and maintained in growth medium 
until the cells reached confluence. When confluence 
was attained, the amnion cells were pre-incubated for 
24 hours in serum-free DMEM/F12 which contained 
bovine serum albumin (Wako Pure Chemical Indus-
tries, Ltd) (0.1%, w/v), penicillin G (100 U/ml), 
streptomycin sulfate (100 pg/ml) and amphotericin B 

(0.25 pg/ml). After 24 hours the medium was
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changed to that which contained the test agents in the 
serum free DMEM/F12. Amnion cells were incu-
bated with the test agents for 24 hours. The con-
centrations of test agents were IL-113 (0.1 ng/ml, 1 
ng/ml, 10 ng/ml), IL-2 (10 ng/ml), IL-6 (0.1 ng/ml, 
1 ng/ml, 10 ng/ml), IL-8 (10 ng/ml), IL-1Ra (20 
ng/ml, 50 ng/ml), forskolin (1 x 10-6 M) and TPA 

(1 x 10-' M). Six wells were used for each concen-
tration. The media were collected into tubes con-
taining aprotinin and stored at -80°C until assayed 
for PTH-rP. Cell count was performed in experi-
ments after the media were collected and the PTH-rP 
concentration was expressed as per 105 cells. Im-
munoreactive-PTH-rP (ir-PTH-rP) in the culture 
media was measured by two site immunoradiometric 
assay [19] (PTH-rP IRMA "Mitsubishi") (Mitsubishi 
Chemical Corp., Japan) which employ two specific 
antibodies to PTH-rP (1-34) and PTH-rP (50-83). 
This kit uses recombinant human PTH-rP (1-87) as 
PTH-rP calibrator. There was no cross-reactivity 
with PTH. The detection limit of this assay is 1 

pmol/l. The intra-and inter-assay coefficients of 
variation were 9% and 6%, respectively. 

Northern blot analysis 

  First passed amnion cells were grown in 10 cm 
dishes. When confluence was attained, the cells were 
transferred to medium containing bovine serum al-
bumin (0.1%, w/v) for 24 hours and then, treated for 
6 hours with IL-1j3(10 ng/ml), IL-6 (10 ng/ml), for-
skolin (1 x 10-6 M) or TPA (1 x 10-'). The cells 
were harvested for extraction of total RNA. Total 
RNA was extracted from amnion cells with TRIZOL 

(GIBCO BRL) by the acid guanidium-phenol-
chroloform (AGPC) method. Aliquots of total 
RNA were size-fractionated by electrophoresis on 
agarose (1% gels with 15 ig of RNA per lane and 
transferred overnight onto Hybond-N + membrane 

(Amersham LIFE SCIENCE). The RNA was im-
mobilized on membrane after exposure to UV ir-
radiation and pre-hybridized in pre-hybridization 
buffer(50% formamide, 5 x SSC, 50 mM sodium 

phosphate, 10 x Denhardt solution, 5% dextran sul-
fate and 0.5 mg/ml denatured salmon sperm DNA), 
for 24 hours at 42°C. Hybridization was performed 
in Hybridization buffer (50% formamide, 5 x SSC, 
20 mM sodium phosphate, 2 x Denhardt solution, 
10% dextran sulfate, 0.1 mg/ml denatured salmon

sperm DNA) and probe (1 x 106Ccpm/ml hybridiza-
tion mix) for 24 hours at 42°C. The human PTH-rP 
cDNA probe (kindly provided to us by Geoffrey 
N. Hendy, Ph. D. Calcium Research Lab., Royal 
Victoria Hospital.) was labeled with [a32P]dCTP by 
the random hexamer priming method (TAKARA 
random primer DNA labeling kit ver.2.). After 
hybridization , blots were washed twice in 0.1 x SSC, 
0.1% SDS for 15 min at room temperature, followed 
by each 30 washing in 0.1 x SSC, 0.1% SDS at 42°C 
and 50°C. The membrane was blotted on filter 

paper, sealed in a plastic bag, and exposed for 18 
hours to Amersham X-Omat film at - 70°C with an 
intensifying screen. The intensity of the blots was 

quantified by imaging densitometry (BIO-RAD). As 
a control for the amount of RNA loaded, the mem-
brane was also probed with the constitutively ex-

pressed gene for j3-actin. 

Statistical analysis 

 The results are presented as the mean ± SD and 
were analyzed by one-way analysis of variance 

(ANOVA) with multiple comparison tests or repeated 
measures. Statistical significance was taken as 

p<0.05.

Results

Effect of cytokines, TPA and forskolin on PTH rP 

production in human amnion cells 

 Conditioned medium collected from amnion cells 
contained ir-PTH-rP. The rate of ir-PTH-rP 

production significantly (p < 0.01) increased with IL-
1p and IL-6, but treatment with IL-2 and IL-8 did not 
alter ir-PTH-rP production. The levels of it-PTH-
rP were 2.36±0.37 pmol/1/24 h/5 x 105 cells in the 
control, 4.21 ±0.24 in media treated with IL-1j3 (10 
ng/ml), 2.28 ± 0.31 in media treated with IL-2 (10 
ng/ml), 3.43±0.78 in media treated with IL-6 (10 
ng/ml) and 2.57± 1.02 in media treated with IL-8 (10 
ng/ml) (Fig. 1). IL-1~3 and IL-6 stimulated PTH-rP 

production in a dose dependent manner (Fig. 2). 
Whereas IL-1Ra (20 ng/ml, 50 ng/ml) did not alter 
ir-PTH-rP production from amnion cells, the ac-
cumulation of ir-PTH-rP by IL-1j3 (10 ng/ml) was 
significantly diminished by the addition of IL-1Ra (50
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ng/ml) (Fig. 3). TPA and forskolin resulted in a 

significant increase in ir-PTH-rP levels 3.7 (p <0.005) 

and 1.7 fold higher than the control (p <0.05), 

respectively (Fig. 4).

Effect of cytokines, TPA and forskolin on PTH rP 
mRNA in human amnion cells

 IL-1 (10 ng/ml), IL-6 (10 ng/ml), TPA (100 nM) 

and forskolin (1 mM) increased the expression of 
PTH-rP mRNA (^' 1.6 kb). The ratio of PTH-rP to 

9-actin mRNA increased to 6.6, 30, 26, and 19 fold 

higher than the control, respectively (Fig. 5). The

procedure was repeated and similar results were ob-
tained in amnion cells from other pregnant woman.

Discussion

 Several investigators reported that concentrations 

of PTH-rP in amniotic fluid were approximately 15 
fold higher than those of PTH-rP in maternal and 

umbilical venous and arterial plasma [11, 12]. The 

level of PTH-rP mRNA in amnion was much higher 

than that in chorion laeve, decidua and placenta [6, 

20]. This suggested an important role of the am-

Fig. 1. Human amnion cells were isolated and maintained in monolayer culture. 80% confluent amnion cells [preincubated for 
  24 h in serum free medium] were treated with IL-l jl (10 ng/ml), IL-2 (10 ng/ml), IL-6 (10 ng/ml) and IL-8 (10 ng/ml) for 

   24 h. The rate of ir-PTH-rP formation (accumulation) increased with IL-l,S and IL-6. Treatment with IL-2 or IL-8 did 
   not have any affect on PTH-rP production. The results were analyzed by one-way ANOVA with multiple comparison 
   tests.

Fig. 2. Human amnion cells in serum free medium were treated for 24 h with IL-ljS or IL-6 at various concentrations. The rate 
   of immunoreactive PTH-rP formation increased in a dose dependent manner with these agents. The addition of IL-1jS 

   (10 ng/ml) and IL-6 (10 ng/ml) resulted in a significant increase in PTH-rP. The results were analyzed by one-way 
   ANOVA with repeated measures. *p<0.01, compared with nonstimulated control.



PTHrP PRODUCTION IN HUMAN AMNION CELL 483

niotic membrane as a source of PTH-rP during 

pregnancy. PTH-rP stimulates by way of the 
PTH/PTH-rP receptor to increase adenylate cyclase 

activity and acts in smooth muscle cell as a relaxant in 

many tissues including myometrial smooth muscle 

[21]. Ferguson et al. found that PTH-rP mRNA 
abundance in amnion decreases during labor at term 

and mentioned that the possibility of a reduction in 
PTH-rP expression in amnion may play either a pri-

mary or a permissive role in the onset of labor [6].

The mechanisms of regulation of PTH-rP in amnion 

have not been clearly defined yet. Mitchell et al. 

measured ir-PTH-rP in a culture of amnion cells and 

found that treatment with IL-1j3 stimulates PTH-rP 

production by these cells [22]. In the present study 
we further investigated mechanisms of PTH-rP 

production by inflammatory cytokines in amnion 
cells. Production of ir-PTH-rP in human amnion 

cells was enhanced by IL-1j3 and IL-6 in a dose de-

pendent manner. PTH-rP mRNA expression also

Fig. 3. Human amnion cells were isolated and maintained in monolayer culture. 80% confluent amnion cells [preincubated for 
   24 h in serum free medium] were treated with IL-1Ra (20 ng/ml, 50 ng/ml), IL-lp (10 ng/ml)+IL-1Ra (20 ng/ml) and 
   IL-lp (10 ng/ml)+IL-lRa (50 ng/ml) for 24 h. Treatment with IL-1Ra (20 ng/ml, 50 ng/ml) did not have any affect on 

   PTH-rP production. The rate of ir-PTH-rP formation (accumulation) decreased significantly with IL-1~ (10 
   ng/ml)+IL-lRa (50 ng/ml). The results were analyzed by one-way ANOVA with multiple comparison tests.

Fig. 4. To investigate the participation of protein kinase A or protein kinase C on PTH-rP production in amnion cells, amnion 
   cells were treated with tetradecanoyl phorbol acetate (TPA) (100 mM) or forskolin (1 mM) for 24 h. Both TPA and 
   forskolin increased PTH-rP levels by 3.7 and 1.7 fold higher than the control, but the effect of TPA was much greater 
   than that of forskolin. The results were analyzed by one-way ANOVA with multiple comparison tests.
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was increased by IL-1f and IL-6. Enhancement of 
PTH-rP in amnion cell was regulated by the transla-
tion level. In our findings, there is a discrepancy 
between the amount of ir-PTH-rP accumulation and 
expression of PTH-rP mRNA by IL-lfi and IL-6. 
Since an AU rich region exists in the 3" untranslated 
region, PTH-rP mRNA is known to be unstable [23]. 
Rapid turnover of PTH-rP mRNA may be the reason 
for this discrepancy. When IL-1Ra was added to the 
medium, the increase in ir-PTH-rP production was 
diminished. This suggested that IL-1j3 might act on 
amnion cells to stimulate PTH-rP production via 
IL-1 receptor. To evaluate the role of protein-
kinase-A and C in the regulation of PTH-rP 

production, we used TPA and forskolin. TPA and 
forskolin enhanced the production of ir-PTH-rP and 
PTH-rP mRNA, but the effect of TPA was much 

greater than that of forskolin. Other investigators 
also have demonstrated that PTH-rP gene expression 
is altered by mechanisms that involve activation of 

protein-kinase-A and C [24-27]. In a previous 
report, we demonstrated that IL-la/fl, epidermal 

growth factor (EGF), transforming growth factor- f3 
(TGF-j3), platelet derived growth factor (PDGF), 
TPA and forskolin increased PTH-rP mRNA in 
human myometrium cells [21]. 

 It is known that PTH-rP might modify myometrial 
contractility during pregnancy by way of PTH/ 
PTH-rP receptor, which is linked to G-proteins.

Prostaglandins produced by decidua in response to 

the increase in inflammatory cytokines increased the 
uterine contraction, but the possibility that PTH-rP 

produced in amnion cells affects uterine quiescence is 
still questionable, because it is unclear yet whether 

PTH-rP from amnion cells is able to reach to myo-

metrium directly or not. The physiological roles of 

PTH-rP in amniotic fluid have yet to be clearly 

defined but several possibilities exist. Evidence sug-

gests that PTH-rP may influence growth and/or 
differentiation of skin cells and bone [28, 29] and 

stimulate surfactant synthesis in rat fetal lung [30]. 

Since mice homozygous for the PTH-rP null muta-

tion died postnatally [31], PTH-rP in amniotic fluid 

may play an important role in fetal development. 
 The present study did not elucidate whether PTH-

rP produced from amnion can act on the myometri-

um or not. Further investigation is necessary to 

define the physiological role of PTH-rP produced 

from amnion on both uterine quiescence and fetal 

development.
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Fig. 5. Amnion cells were treated with IL-13 (10 ng/ml), IL-6 (10 ng/ml), TPA (100 mM) or forskolin (1 mM) for 6 h. Total 
       RNA was isolated from the cells and the levels of PTH-rP mRNA were determined by Northern blot analysis. Mem-

      brane was hybridized with PTH-rP cDNA or b-actin cDNA (left panel). The right panel shows the ratio of PTH-
      rP/ jl-actin intensity which was measured with an imaging densitometer (BIO-RAD).
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