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Abstract

Cell death of trophoblast, particularly by abnormal
release of physiological nitric oxide (NO) has been
known to be a causative factor of pre-eclampsia. In
the present study, effects of intracellular calcium
increase enhancing the activity of NO synthases
(neuronal NO synthase, nNOS in this trophoblast
cells) on the cell death were examined in a human
placental full-term cell line (HT-1). Furthermore, we
analyzed the possible mechanisms underlying the
augmentation of Ca*+-mediated NOS activity medi-
ated by protein kinases like PKC, PKA, or CaM-KIL.
In experiments for cell toxicity, a calcium ionophore
(ionomycin 10 pM) enhanced cell death confirmed by
MTT assay, and increased significantly nNOS activi-
ty determined with a hemoglobin oxidation assay.
This cell death was partially protected by pre-treat-
ment of 7-nitroindazole (7-NI, 10 uM and 100 pM), a
nNOS-specific inhibitor. Additionally, Cat*-ionophore
-induced increase of nNOS activity also was partially
normalized by pre-treatment of specific inhibitors of
protein kinases, PKC, PKA or CaM-KIl. Therefore,
we suggest that an increase of calcium influx, lead-
ing to the activation of nNOS activity, which in turn
may result in the death of trophoblast cells by invol-

vement of signaling mechanisms of protein kinases.

Keywords: Trophoblast, Preeclampsia, Neuronal nitric
oxide synthase, Calcium

Preeclampsia is a multisystem disease of pregnancy
with an incidence of 5-7% among the general popula-
tion. It involves hypertension, proteinuria, edema,
abnormal clotting, fetal growth restriction, and pre-
mature birth in the third trimester of human pregnan-
cy, all of which can be associated with vascular endo-
thelial dysfunctioh? Endothelial dysfunction may
induce hypertension in P&a a decrease in the release
of nitric oxide (NO), because endothelial NO plays an
important role in the vascular system during pregnan-
¢y, in neutrophil activation and in the increase of vaso
constrictors such as endothelinand thromboxane
Ay (TXA 2)3-5.

NO is a major player in controlling nearly every
cellular and organ function in the body. It is an endo-
genous molecule that functions as a neurotransmitter,
cytoprotective molecule or cytotoxic molecule. Cer-
tain physiological functions of NO, such as vasodilata
tion and smoo#imuscle relaxation, are mediated by
multiple mechanisms of NO release and NO aétion
Three isoforms of the NO synthase enzyme have been
identified: neuronal nitric oxide synthase (nNOS or
NOS-1), inducible NOS (iNOS or NO8), and endo-
thelial NOS (eNOS or NOS). Two of these enzymes
(NNOS and eNOS) are constitutively expressed in
neurons and endothelial cells, respectively, and INOS
is expressed after stimulation with endotoxin or cyto-
kines in a range of cells, including macrophages, neu-
trophils, hepatocytes, and glial céfls

Trophoblasts distributed in the placenta also pro-
duce NO constitutively by eNOS or nNOS, or Béth
Trophoblastderived NO prevents platelet and leuko-
cyte adhesion and eN@8ediated NO release also
controls vascular tod® Therefore, impairment of the
NO release mediated by placental trophoblasts and
endothelial cells may be associated with several sys-
tems in preeclampsia. Human villous trophoblasts ex-
press eNOS in the syncytiotrophoblast, but not in the
underlying cytotrophoblast of the first trimester or in
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Figure 1. Protein expression in HT cells determined West-
ern blot analysis. Ref: crude sample of rat brain tissues. Cru-
de: supernatant fraction of homogenates, Cytosolic: cytosolic
fraction, Membraneous: particulate fraction of homogenates.
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the fulkterm villous tissu¥. Inin vitro culture, eNOS
is expressed during differentiation of the cytotropho- (h)
blast to the syncytiotrophobldstHuanget al'3 and = D o oM —e_1uM
Sheselyet al® reported that eNO8nockout or-defi- —8—5uM —e— 10uM
cient mice showed the highest blood pressure of the
animals tested. This suggests that eNOS also plays ajgyre 2. viability of HT-1 cells determined by MTT assay
important role in vascular function, as mentioned by after treatment of ionomycin. D: Control (DMSO). Cell dea-
Hefler et al*4. th was induced dosgependently in lonomycitreated cells.

However, NO is also synthesized by peripheral non
-adrenergic noitholinergic (NANC) nerves in the
blood vessels, thereby mediating vasodilatafidh human trophoblast cells, HI. Western blot analysis
In the normal rat pregnancy, renal eNOS is decreasedshowed that HL cells constitutively expressed nNOS
but iINOS and nNOS expression is incredséeth (~165 kDa), which was nNOS in particulate forms
eNOSnull mutant mice, nNOS plays an important (Figure 1). The nNOS was highly expressed in the
role in blood pressure regulation, both acutely andcells.
chronically®, The effect of ionomycin on HT cell viability was

It has also been suggested that preeclampsia is assdetermined using the MTT assay (Figure 2). lonomy-
ciated with increases in trophoblast cell death like cin was administered at concentrations of 0.1, 1, 5
apoptosis, as well as with modulations of physiologi- and 10uM. There was no difference in cell viability
cally essential gene expressivff. Furthermore, in-  between HT1 cells treated with DMSO (control) and
flammatory cytokines increase intracellular calcium those treated with a low concentration of ionomycin
concentrations in neonatal cardiac myocitedore- (0.1uM). However, cell viability decreased signifi-
over, Steineret al?? showed that preeclampsia is asso cantly at high concentrations (1-fi) of ionomycin
ciated with changes in calcium regulation and NO after a short time (30 min). The viability of cells treat-
production. This calcium influx increases ‘G#cal- ed with 1uM ionomycin was later restored to normal
modulindependent nNOS activity, €a/calmodulin (24 h), whereas there was no restoration of cells treat-
kinase Il, cCAMPdependent protein kinase A (PKA) ed with 5 or 1QuM ionomycin. Therefore, a 40M
and Ca*-phospholipiddependent protein kinase C concentration of ionomycin was used in later experi-
(PKC) are also involved in the mechanisms controll- ments to assay the cytotoxic effects of a significant
ing NOS catalytic activity. increase in intracellular calcium concentration.

Here, we used a human fuédrm trophoblast cell
line (HT-1) to investigate the mechanism enhancing Effects of nNOS-specific Inhibitor 7-NI on
nNNOS activity and cell toxicity, and confirmed the the lonomycin-induced Cell Death
protective effect of physiological NO release on the As shown in Figure 3, death of the HaTcells was
calciuminduced cytotoxicity by using human tropho- accelerated by high concentrations of ionomycin (10

blast cells. UM) administered for 24 h, with viability reduced to
about 10% of the control value. This cell death was

Effects of lonomycin on the Expression and partially ameliorated by preeatment with a specific

Activity of nNOS inhibitor of NNOS, 7NI. This result suggests that cell

This procedure was used to examine the effects ofdeath is caused by the NO overproduction induced by
increased intracellular calcium on NnNOS activity in increased Ca--dependent nNOS activity.
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Figure 3. Effect of ZNI on ionomycininduced cell death.
Cell death induced by ionomycin treatment (M0, P<0.01
compared with DMS@reated control) was significantly
ameliorated by prereatment with NI (P<0.05 compared
with lonomycintreated group).
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Figure 4. Effect of protein kinases on the €adependent
NOS activity determined by hemoglobin oxidation assay.
The increase of Ca-dependent NOS activity by ionomycin
treatment (1M, P<0.01 compared with DMS@reated
control) was prevent by piteeatment with PKC (100 nM)
PKA (10pM)-, or CaMKII (10 pM)-selective inhibitorsR <
0.05 for each group compared with lonomytigated group).

Effects of Protein Kinase Inhibitors on
lonomycin-mediated Augmentation of
NOS Activity

NOS activity was increased by ionomycin treat-
ment, but prdreatment with inhibitors (R81-8220,
H-89 or KN-93) of protein kinases like PKC, PKA or

activity (Figure 4). Thus, this result indicates that the
increase in nNOS activity caused by ionomycin is
mediated dependently by PKC, PKA, or Ca\
pathways, and results in cell death.

Discussion

In the present study, we examined whether changes
in NNOS and/or eNOS activity and NO release induc-
ed calcium influx are associated with death of tropho-
blast cells known as a causative mechanism of pree-
clampsia. We used HI cells derived from villous
cytotrophoblasts of a normt&rm human placenta to
identify the changes in major factor affecting enzyme
activity, like gene expression and péstnslational
modification, with especial attention to the nNOS
and/or eNOS.

Human villous trophoblasts express eNOS in the
syncytiotrophoblast, but not in the underlying cyto-
trophoblast of the firstrimester and fulterm villous
tissué'. In culture, eNOS is expressed during differ-
entiation of the cytotrophoblast to the syncytiotro-
phoblast?. Therefore, impairment of NO release me-
diated by placental trophoblast and endothelial cells
may be associated with a causative mechanism of
pre-eclampsia. Huangt al'® and Sheselgt al® re-
ported that eNO&nockout or-deficient mice shoed
the highest blood pressure of the animals examined.
This suggests that eNOS also plays an important role
in vascular function, as mentioned by Hefi¢al4.

However, several reports suggest that, in early preg-
nancy, the trophoblasts have important activities such
as proliferation and differentiatiétthat are related to
physiological NO release. However, many of these
studies are controversial. For examples, Ranstay
al.?* detected cytosolic Ca-dependent NOS activity
in villous trophoblasts in each of the three trimesters
of pregnancy, whereas Alijji et al? reported both
particulate and cytosolic €adependent NOS activi-
ties in trophoblasts in the first trimester. However,
their studies were mainly directed towards the involve
ment of eNOS in physiological NO function, with no
evidence of specific NNOS expression.

NO is also synthesized by peripheral rarener-
gic noncholinergic (NANC) nerves in the blood ves-
sels, where it mediates vasodilatatiofi In eNOS
null mutant mice, nNOS plays an important role in
blood pressure regulation, both acutely and chronical-
ly8 The HT1 cells used in this study express nNOS
only as a particulate fraction, with no expression of
other NOS isoforms such as eNOS or iNOS as shown
in Figure 1. Furthermore, this cell line should express

CaM-KIlI, respectively, prevented the increase in NOS very low NOS activity, because HI trophoblast
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cells are a fulterm cell line. Generally, NOS activity in the circulating levels of TN& in women with

in the placenta at term is very much lower than it is in preeclampsia in the third trimester of pregnancy. Fur-

tissues from the first trimester, as shown in severalthermore, in several reports, serum concentrations of

report$>26 Recently, Sanyaét al?’ found, for the  cytokines like IL:2, IL-6, and TNFa were signifi-

first time, that only nNOS immunoreactivity occurs cantly higher in patients than in contf8I¥. There-

in the human trophoblast cells of the norseim fore, we suggest in the present study that inflamma-

placenta and discussed the role of NO in trophoblastory TNFa and some other cytokines can increase

proliferation and differentiation. intracellular calcium concentrations and some protein
Therefore, we tried to identify the role of NO in kinases can be induced to increase NNOS activity in

terms of NNOS, particularly in the context of the death HT-1 cells.

of the fulkterm trophoblasts induced by changes in In summary, the viability of trophoblast cells is me-

intracellular calcium concentrations. As shown in diated essentially by physiological NO release. Thus,

Figure 2, treatment of calcium ionophore ionomycin we suggest that intracellular calcium concentrations

(0.1-10pM) caused dosdependent cell death. When increase in human futerm trophoblasts stimulated

the viability of HF1 trophoblast cells was examined probably by inflammatory cytokines, and nNOS acti-

by MTT assay (Figure 2), almost all the cells (about vity in these cells is increased by the relevant PKC,

90%) died at high concentrations of ionomycin (5 and PKA and/or CaMKIl, resulting cell death as a causa-

10puM), but were resistant to or later recovered from tive factor of preeclampsia.

low concentrations (0.1 or M, respectively). In

particular, the cell death caused by ionomycin

was significantly and dosgependently ameliorated Methods

by cotreatment with an nNOSpecific inhibitor, 7

NI (Figure 3). These results suggest that cell viability Cell Culture and Treatment

is mediated essentially by an optimum concentration Human trophoblast cells (HI) was cultured in

of physiological NO. Dulbecco’s modified Eagle’s Medium (DMEM) con-
Indeed, C&r-dependent NOS activity in villi and taining 10% fetal bovine serum (FBS) and 10QIU/

nonvillous cells of the trophoblast, both in early and penicillin-streptomycin (Gibco, Grand Island, NY).

full-term placentas, is detected in placental tissuesThe cells were incubated in humidified atmospheric

and the trophoblast, and is mediated by constitutivelyair in a 5% CQ@ incubator at 37C. Trypsin-EDTA

expressed eNOS or nNOS, or B8t herefore, chan-  (0.25% trypsin, 1 mM EDTA, Gibco) was used to

ges in intracellular Ca concentration in the tropho- dissociate cells from 100 mm culture dishes (TPP,

blast directly affect Cd-dependent NOS activity. Trasadingen). Subcultured HTcells were seeded at

Additionally, we examined whether increased intra- 1x 1Cf cells/cnt into 60 mm culture dishes (TPP) one

cellular calcium concentrations activate calcium/cal- day before treatment.

modulin-dependent protein kinases such as PKC and

CaMKIl, as well as cAMPdependent PKA, using a Treatment with Calcium lonomycin and

specific inhibitor of each, because of the importance Kinase Inhibitors

of the mechanisms that stimulate or inhibit NOS acti- To induce an increase in intracellular calcium con-

vity. The calcium ionomycirmediated increase in centrations, we used calcium ionomycin (Sigma, St.

trophoblastic nNOS activity was prevented by-pre Louis, MO), a calcium ionophore, at a final concen-

treatment with each protein kinase inhibitor (Figure tration of £10uM. Before treatment with calcium

4). This result suggests that each of the PKC, PKA,ionomycin, each protein kinase inhibitor (100 nM-Ro

and CaMKIl pathways or an interaction between 31-8220 as the PKC inhibitor, 10 H-89 as the PKA

them is involved positively in the increase in total inhibitor, and 1QuM KN-93 as the CaMKll inhibitor)

NOS activity in HT1 cells. In contrast with our re- was administered for 30 min.

sults, Hayashet al?®, Komeimaet al®® and Osukaet

al.3! reported that nNOS is directly phosphorylated at MTT Assay

Ser847 by CaMKIl leading to a reduction in its en- The MTT assay was used to examine cell viability.

zyme activityin vivoandin vitro. However, we could  This is one of the most frequently used methods with

not explain clearly the effects of protein kinase inhi- which to measure cell proliferation and cytotoxicity.

bitors on the activity of nNOS increased by the cal- Cells were seeded atx110* cells/cnt in 96-well cul-

cium ionophore, ionomycin (Figure 4). ture plates. After treatment, the medium was changed
In the connections with another speculation, it is to MTT, a tetrazolium dye (§4,5-dimethylthiazol2-

relevant that Kupferminet al3? observed an increase y1]-2,5-diphenyltetrazolium bromide, or thiazolyl
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blue; Sigma). Plates were incubated in the presencenoglobin to methemoglobin by NO was measured by
of MTT dye for 5 h at 3TC. After removal of the me-  spectrophotometer at 401 nm and 411 nm.

dium and MTT solution from the wells, the remaining

MTT-formazan crystals were dissolved by the addi- Statistical Analysis

tion of 0.2 mL of dimethyl sulfoxide (DMSO, Sigma),  All data are presented as meaif3.D. Statistical
and incubation at 3T for 5 min. The absorbance was comparisons between groups were determined by
read with an ELISA reader (Power Wa\u#0, Bio Student's test. Differences among means were assum
Tek Instruments, Inc., Winooski, VT) at 550 nm. ed significant whe? < 0.05.

Isolation of Total Cellular Proteins and

Westernblo Analysis Acknowledgements
Treated cells were scraped from the plates and soni-

cated in 30% (w/v) lysis buffer (320 mM sucrose, 200  This study was supported by an intramural research
mM HEPES, and 1 mM EDTA) containing 1 mM di- grant from the Inha University (31636).

thiothreitol (DTT), 10ug/mL leupeptin, 2u9/mL tryp-

sin inhibitor, 2ug/mL aprotonin, 1 mM PMSF, and 1
pg/mL pepstatin. Total protein concentrations were
determined using a Pierce BCA Protein assay kit

(Pie@e’f ROCkforﬂ' IL). 'lzq“i"a'em amo“gti of ItOta' 1. Roberts, J. M. & Redman, C. W. G. Retampsia:

protein from each sample were separated by electro- 516 than pregnanepduced hypertensiorLancet

phoresis on an 8-16% Tris-glycine gel (Invitrogen). 341:14471454 (1993).

The positive controls used were rat brain proteins. 2 Herrera, J. A., Chaudhuri, G. & Jaramillo, P. L. Is

Gels were loaded in running buffer containing 24.9 infection a major risk factor for preeclampsised

mM Tris, 194 mM glycine, and 1.156 mM sodium Hypothese§7:393-397 (2001).

dodecyl sulfate (SDS) at room temperature and run at 3. Greer, I. A, Haddad, N. G., Dawes, J., Johnstone, F.

125 V. After the proteins had been separated, they D. & Calder, A. A. Neutrophil activation is confined

were transferred to a polyvinylidene fluoride (PVDF) to the maternal circulation in pregnaricyluced hy-

membrane (Millipore, Miliford, MA) by incubation in pertensionObstet Gynecdl8.28-32 (1991).

transfer buffer containing 25 mM Tris, 192 mM gly- 4. Greer, |. Aet al. Endothelin, elastase, and endothe-

cine, and 10% methanol for 3 h at room temperature g%'g‘nggi‘)cnon in preeclampsia (letter)Lancet337.

at 25 V. Membranes were blocked in blocking buffer i

contining 5% nora dy ik n 2 TisHCI(pH VA B & 8, Langaon, ©. & Brecknr,
5 i . E.

7.4), 5M NaCl, and 0.1% Tween 20 at room ftempera thromboxane and endothelin by nitric oxide in human

ture for one hour. The membrane was then incubated

. . fetalplacental circulationAm J Obestet Gynechb6
at room temperature for 2 h in fresh blocking buffer 687-6p92 (1992). y

containing a monoclonal antibody (1 : 1,000 dilution) g |gnarro, L. J. Nitric oxide Biology and pathobiology.
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Lexington, KY). Membranes were then incubated for 7. Colasanti, Met al Rapid inactivation of NO$ by
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