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Abstract 
COX-2 protein, but not COX-1 protein, was induced in HUVEC from women with a 

normal pregnancy (nHUVEC) treated with serum from patients with preeclampsia (pSerum). but 
not with serum from women with a normal pregnancy (nSerum). COX activity in pSerum treated 
nHUVEC was less than in nSerum treated nHUVEC. Interestingly, the induction of COX-2 pro­
tein in nHUVEC treated with pSerum was inhibited by antiiL-6 antibody. The decreased COX 
activity in nHUVEC treated with pSerum plus antiiL-6 antibody was also reversed in a dose 
dependent manner. Thus, the induction of COX-2 in pSerum treated nHUVEC was mediated by 
IL-6. Therefore, the development of selective inhibitors of COX-2 or of IL-6 antagonists may 
have a potential role in the prevention and treatment of preeclampsia. 
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Preeclampsia is a multisystem disorder of 
pregnancy of unkown cause. This syndrome is cha­
racterized by increased blood pressure, edema, pro­
teinuria and abnormal clotting, liver and renal func­
tion, all of which may result from generalized vas­
cular endothelial cell dysfunction0-4). The cause of 
this endothelial dysfunction is unknown, but there 
is evidence for a circulating endothelial cell "toxic" 
factor in preeclampsia. Sera from preeclamptic 
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women are reported to be cytotoxic to endothelial 
cells(5,6), and endothelial cells cultured in pre­
eclampsia sera show an increased release of plate­
let-derived growth factor(7), procoagulant pro­
tein(8), an increased triglyceride content, and a 
decreased prostacyclin (PGI2) release(9). The dif­
fuse nature of preeclampsia and the important role 
of endothelial cells in the regulation of vascular 
tone and the coagulation system imply that the dis-
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order may be characterized by structural or func­
tional damage of maternal endothelial cells. Several 
studies have suggested that the production of pros­
tacyclin (PGI2) is reduced in uteroplacental tissues 
of women with preeclampsia(l0-13). 

PGI2 is one of several prostaglandins (PGs) 
which have numerous cardiovascular and inflam­
matory effects04). Cyclooxygenase (COX) is the 
first enzyme in the pathway in which arachidonic 
acid is converted to PGs including PGI2(15,16). 
COX exists in at least two isoforms. One is the con­
stitutive enzyme, COX-I, producing regulatory pros­
tanoids under physiological conditions07), whereas 
the other, COX-2, is induced by mitogens(18,19) 
and proinflammatory cytokines(20 ,21) during patho­
logical states such as inflammation. Recently, we 
have shown that COX-2 is expressed in human um­
bilical vein endothelial cells from patients with pre­
eclampsia (pHUVEC), but not from those with nor­
mal pregnancy (nHUVEC)(22). Moreover, pHUVEC 
released significantly less PGI2 than nHUVEC(23). 
The signalling pathway by which COX-2 is ex­
pressed in pHUVEC is not known. Interleukin-6 
(IL-6) has been reported to be elevated in preeclamp­
sia(24). In this paper, we have used preeclamptic­
serum (pSerum) or normal pregnancy serum 
(nSerum) treated with nHUVEC and coincubated 
with or without human polyclonal antiiL-6 antibody 
as a pharmacological tool to investigate the signall­
ing mechanism of COX-2 expressed in preeclamp­
sia. 

MATERIAL AND METHOD 
Collection of blood 

Blood was collected from subjects at 
room temperature into 10 ml disposable syringes 
(Terumo) containing no additives. Blood was 
allowed to clot at room temperature and was then 
centrifuged for 10 minutes at 1,000 g. Aliquots of 
the serum (under sterile condition) were then stored 
at -70°C until they were required for the experi­
ments. 

Subjects 
The study included 12 normal pregnant 

and 12 preeclamptic women. Gestational age at the 
time of study did not differ significantly, 35 weeks 
(range 33 to 36 weeks) in the normal pregnant 
group and 36 weeks (range 34 to 38 weeks) in the 
preeclamptic group. 

Preeclampsia was defined on the basis of 
the following criteria: no prior history of hyperten-

sion or renal disease, a blood pressure of at least 
140 mmHg systolic or 90 mmHg diastolic (mani­
fested on two readings at least 6 h apart) or a rise 
in blood pressure of at least 30 mmHg systolic or 
15 mmHg diastolic, and proteinuria of ~ I+ urine 
protein(25). 

Cell Culture 
Human umbilical vein endothelial cells 

(HUVEC) were obtained from babies born to nor­
mal pregnant women (nHUVEC) as previously des­
cribed(26) and cultured in 96-well plates with 
Human Endothelial-SFM Basal Growth Medium 
(Gibco) containing 10 per cent foetal calf serum 
(Gibco), 100 units/ml penicillin G sodium (M & H, 
Thailand) and 100 11g/ml streptomycin (M & H, 
Thailand). Cells were incubated at 37°C in a humi­
dified incubator and grown to confluence before 
use. 

Measurement of COX activity 
Confluent nHUVEC samples were gently 

washed two times with PBS and incubated with 
Human Endothelial-SFM Basal Growth Medium 
(200 111/well) with and without human polyclonal 
antiiL-6 antibody (R & D; 10 11g/ml; control groups), 
10 per cent nSerum with and without human poly­
clonal antiiL-6 antibody (0.1 to 10 11g/ml) and 10 per 
cent pSerum with and without human polyclonal 
antiiL-6 antibody (0.1 to 10 !lglm!) for 24 h. After 
24 h, the medium was removed and washed twice 
with PBS. COX activity was measured by the pro­
duction of 6-keto-PGFla (a stable metabolite of 
PGI2, which is the major COX metabolite in endo­
thelial cells) in the replaced fresh medium contain­
ing exogenous arachidonic acid (Sigma; I 0 !Jill for 
10 min) using enzymeimmunoassay (EIA). Briefly, 
50 !Jl of standard 6-keto-PGF 1 a (Sigma) or samples 
were added to pre-coated mouse anti-rabbit IgG 
microtitre plates (Clayman; 96-well). Then, 6-keto­
PGFla acetylcholinesterase tracer (Clayman; 50 !Jl) 
and rabbit antiserum of 6-keto-PGF Ia (Clayman) 
were added. The plate was covered with plastic 
film and incubated for 18 hat 4°C, after which time 
the wells were emptied and rinsed five times with 
wash buffer (PBS containing 0.05% Tween). 
Ellman's reagent (Clayman; 200 110 was added to 
each well and the plates were shaken on a microtitre 
plate shaker. The reaction took about 90 min. A 
yellow colour develops which can be read using a 
microplate reader (BIORAD; OD 415 nM). 
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Immunoblot (Western blot) Analysis 
nHUVEC samples which were untreated 

with and without human polyclonal antiiL-6 anti­
body (10 ~g/ml; control groups), treated with 10% 
nSerum with and without human polyclonal antiiL-6 
antibody (10 ~g/ml) and treated with 10 per cent 
pSerum with and without human polyclonal antiiL-6 
antibody (10 Jlg/ml) were cultured in 6-well culture 
plates (37°C; for 24 h). After incubation, cells were 
extracted and analysed by immunoblotting using 
specific antibodies for COX-1 and COX-2 protein 
as previously described07). 

A 

70 kDa> 

B 

70 kDa> 
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Measurement of cell viability 
Cell respiration, an indicator of cell viabi­

lity, was assessed by the mitochondrial dependent 
reduction of 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphe­
nyltetrazolium bromide (MIT) to formazanC27). At 
the end of each experiment, cells in 96-well plates 
were incubated (37°C; 1 h) with MIT (0.2 mg/ml ) 
dissolved in culture medium, after which time the 
medium was removed by aspiration and cells were 
solubilized in DMSO (200 ~1) . The extent of reduc­
tion of MIT to formazan within cells was quanti­
tated by the measurement of optical density at 650 

1 2 3 

1 2 3 

Fig. I. Western blots using polyclonal antibodies to COX-2 (panel A) and COX-I (panel B) in cell extracts 
of HUVEC from normal pregnancy (nHUVEC) treated with serum from normal pregnancy 
(nSerum) or preeclampsia (pSerum). (A) Untreated nHUVEC (lane I) or nHUVEC treated with IO% 
nSerum (lane 2) contain no COX-2 protein. In contrast, nHUVEC treated with IO% pSerum (lane 3) 
contain COX-2 protein. (B) Untreated nHUVEC (lane I), nHUVEC treated with 10% nSerum 
(lane 2) or IO% pSerum (lane 3) contain equal amounts of COX-I protein. Equal amounts of 
protein (IO J.lg/lane) were loaded in each lanes. Similar results were obtained with cell extracts 
from I2 separate batches of cells. 
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nm (OD65o) using a microplate reader (BIORAD, 
USA). 

Statistical analysis 
The results are expressed as mean± SEM of 

triplicate determinations (wells) from at least four 
separate experimental days (n=l2). Student's paired 
or unpaired t-test, as appropriate, were used for the 
determination of significance of differences between 
means and a p -value of Jess than 0.05 was taken 
as statistically significant. 

RESULTS 
The effect of serum on COX protein expressed in 
endothelial cells (HUVEC) 

Untreated nHUVEC contained no COX-2 
protein. COX-2 protein was expressed in nHUVEC 
treated with I 0 per cent pSerum, but not in nHUVEC 
treated with 10 per cent nSerum (Fig. lA) . The 
amount of COX-I protein expressed in untreated 
nHUVEC was not changed when compared to 
nHUVEC treated with I 0 per cent nSerum or I 0 per 
cent pSerum (Fig. IB). 

The effect of serum on COX activity in endothe­
lial cells (HUVEC) 

In nHUVEC treated with 10 per cent 
nSerum, COX activity did not change significantly 
when compared to untreated nHUVEC (3.73±0.13 
and 3.51±0.07 ng/ml; n=12, respectively). Interes­
tingly, COX activity was decreased significantly in 
nHUVEC treated with I 0 per cent pSerum when 
compared to untreated and I 0 per cent nSerum 
treated nHUVEC (2.25±0.11, 3.51±0.07 and 3.73± 
0.13 ng/ml; n=l 2, respectively), as shown in Fig. 2. 

Effect of antiiL-6 antibody on COX protein 
expressed in serum treated HUVEC 

In 10 per cent pSerum treated nHUVEC, 
COX-2 protein, but not COX-I protein, was also 
inhibited by co-incubation with antiiL-6 antibody 
( 10 f..lg/ml; Fig. 3A and 3B; lane 6). In untreated and 
10 per cent nSerum treated nHUVEC, COX-I pro­
tein was not affected by antiiL-6 antibody (10 f..lg/ 
ml; Fig. 3B; lane 2 and 4, respectively) . 

Effect of antiiL-6 antibody on COX activity in 
serum treated HUVEC 

Interestingly, the decreased COX activity 
in 10 per cent pSerum treated nHUVEC could be 
restored to the level of untreated or 10 per cent 

nSerum treated HUVEC when cells were co-incu­
bated with antiiL-6 antibody (0. 1 to 10 f..lg/ml; 
Fig. 4) . This reversal effect is dose dependent 
(Fig. 5). 

DISCUSSION 
Our studies have demonstrated that serum 

from women with a normal pregnancy did not reveal 
any increase in COX activity (as measured by PGI2 
production in endothelial cells) or COX protein in 
endothelial cells, but serum from patients with pre­
eclampsia significantly decreased COX activity and 
induced COX-2 protein . Recently, we have shown 
that COX-2 is expressed in human umbilical vein 
endothelial cells from patients with preeclampsia, 
but not from women with a normal pregnancy(22) . 
Moreover, HUVEC from patients with preeclampsia 
released significantly fewer amounts of 6-keto-
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Fig. 2. COX activity in HUVEC from normal 
pregnancy (nHUVEC) treated with 10% 
normal pregnant serum (nSerum) or 10% 
preeclamptic serum (pSerum) for 24 h mea­
sured by the formation of the 6-keto-PGF 1a 
in the presence of exogenous arachidonic 
acid (10 1-1M; 10 min). COX activity was 
shown to be decreased significantly in 
nHUVEC treated with 10% pSerum (hatch 
column) when compared to nHUVEC 
treated with no addition (white column) or 
10 % nSerum (black column). Data are 
expressed as mean ± SEM of twelve deter­
minations from at least four separate experi­
mental days. *p < 0.05 when compared to 
untreated nHUVEC at 24 h. 
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Fig. 3. The effects of human polyclonal antiiL-6 antibody (hAntiiL-6; 10 J.lg/ml for 24 h) on COX-2 
(panel A) and COX-1 (panel B) protein in cell extracts of HUVEC from normal pregnancy 
(nHUVEC) treated with serum from normal pregnancy (nSerum) or preeclampsia (pSerum). (A) 
COX-2 proteins are not detected in nHUVEC treated with no addition (lane 1), hAntiiL-6 (lane 2), 
10% nSerum (lane 3) or 10% nSerum plus hAntilL-6 (lane 4). Interestingly, COX-2 expression in 
nHUVEC treated with 10% pSerum (lane 5) are inhibited when cells are co-incubated with hAntiiL-6 
(lane 6). (B) COX-1 proteins are detected in equal amounts of nHUVEC treated with no addition 
(lane 1), hAntilL-6 (lane 2), 10% nSerum (lane 3), 10% nSerum plus hAntiiL-6 (lane 4), 10% pSerum 
(lane 5), 10% pSerum plus hAntiiL-6 (lane 6). Equal amounts of protein were loaded in all lanes 
(10 Jig/lane). Similar results were obtained using cell extracts from 12 separate batches of 
cells. 

PGF1a (a stable metabolite of PGI2) than HUVEC 
from women with a normal pregnancy(23). Extra­
polating from in vitro to in vivo events, this implies 
that some factor(s) in serum from preeclampsia can 
increase COX-2 protein and decreases COX acti­
vity resulting in decreased PGI2 in endothelial cells. 
The decreased PGI2 in endothelial cells causes the 
imbalance in vascular tone which is one of the 
pathogenetic factors in preeclampsia(28,29). 

Previous studies have shown the effects of 
serum from preeclampsia on PGI2 production (also 
referred to COX activity)(9,30,3l). Branch et al(30) 
and Zammit et al(31) showed that serum from either 

normal pregnancy or preeclampsia stimulates the 
production of PGI2 by HUVEC. These findin gs 
conflict with our results, but this discrepancy may 
be due to the model used to detect PGI2 production 
as used by Branch et al(30) and Zammit et al (3 1) 
which included the activity of both COX and phos­
pholipase A2 (PLA2) to produce PGI2 in endothelial 
cells(32). Moreover, it was found in our study that 1 
to 10 per cent diluted serum from normal pregnancy 
did not affect COX activity (3.51±0.07, 3.52±0.04 
and 3.73±0.13 ng/ml; n=12, p > 0.05, for untreated, 
I % nSerum and 10% nSerum, respectively) but 15 
per cent and 20 per cent diluted serum from normal 
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Fig. 4. The effects of human polyclonal antiiL-6 
antibody (hAntiiL-6; 10 ~g/ml for 24 h) on 
COX activity in HUVEC from normal preg­
nancy (nHUVEC) treated with 10% normal 
pregnant serum (nSerum) and 10% pre­
eclamptic serum (pSerum) for 24 h. COX 
activity was measured by the formation of 
the 6-keto-PGF la in the presence of exoge­
nous arachidonic acid (10 ~M for 10 min). 
COX activity in nHUVEC treated with no 
addition (control; white column) or 10% 
nSerum (nSerum; white column) is not 
affected when cells were coinoculated with 
hAntiiL-6 (control or nSerum; black 
column). Interestingly, the decreased COX 
activity in nHUVEC treated with 10% pSe­
rum (pSerum; white column) is reversed 
when cells are coincubated with hAntiiL-6 
(pSerum; black column). Data are expressed 
as mean ± SEM of twelve determinations 
from at least four separate experimental 
days. * p < 0.05 when compared to pSerum 
treated cells at 24 h. 

pregnancy could increase COX activity (3.51±0.07, 
4.50±0.05 and 4.77±0.10 ng/ml; n=l2, p < 0.05), 
for untreated, 15% nSerum and 20% nSerum, res­
pectively). These findings may explain the different 
results of Branch et al(30) and Zammit et al(31) in 
the production of PGI2 in serum treated HUVEC 
using 20 per cent diluted serum. In agreement with 
the present study using the same model as Branch 
et al(30) and Zammit et al(31), Lorentzen et al 
showed that serum from preeclampsia reduced the 
release of PGI2 in HUVEC. 
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Fig. 5. Dose dependent effects of human polyclonal 
antiiL-6 antibody (hAntiiL-6; 0.1, 1 and 10 
~glml for 24 h) on COX activity in HUVEC 
from normal pregnancy (nHUVEC) treated 
with 10% preeclamptic serum (pSerum) for 
24 h. COX activity was measured by the 
formation of the 6-keto-PGFla in the pre­
sence of exogenous arachidonic acid (10 ~M 
for 10 min). COX activity is decreased in 
pSerum treated nHUVEC (black column) 
when compared to untreated nHUVEC 
(white column). Interestingly, hAntiiL-6 can 
reverse the decreased COX activity in pSe­
rum treated nHUVEC in a dose dependent 
manner (hatch column). Data are expressed 
as mean ± SEM of twelve determinations 
from at least four separate experimental 
days. * p < 0.05 when compared to pSerum 
treated cells at 24 h. 

What are the factor(s) in serum from pre­
eclampsia which cause decreased COX activity and 
induce COX-2 protein in HUVEC? There are seve­
ral inflammatory mediators involved in the pathoge­
nesis of preeclampsia such as IL-l, IL-6 and TNF-a 
(24,33,34). IL-l and TNF-a, but not IL-6, have been 
shown to increase COX activity and COX-2 protein 
in endothelial cells(21). IL-6 has been reported to 
be elevated in preeclampsia(24) and shown to inhi­
bit PGI2 release in human myometrial(33) and pul­
monary artery smooth muscle cells(34). Therefore. 
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it was decided to use human polyclonal antiiL-6 
antibody as a pharmacological tool to investigate 

the signalling mechanism of COX-2 expression in 
preeclampsia. Our study showed that human poly­
clonal antiiL-6 antibody could reverse the effect of 
serum from preeclampsia treated HUVEC on COX 
activity and inhibit COX-2 protein induction by 

serum from preeclampsia treated HUVEC while 

COX activity and COX-1 protein in untreated and 
serum from normal pregnancy treated HUVEC were 
not affected by human polyclonal antiiL-6 antibody. 
Moreover, the inhibition of COX-2 or reversed COX 
activity in serum from preeclampsia treated HUVEC 
by antiiL-6 antibody was not complete, suggesting 

J Med Assoc Thai September 1999 

there might be other mediators besides IL-6 in­
volved in this process. Thus, IL-6 is proposed as 
one of mediators involved in the induction of COX-2 
and the decreased PGI2 released from endothelial 
cells in preeclampsia. Therefore, the development 
of selective inhibitors of COX-2 and antiiL-6 anti­
body therapy may have a potential role in the pre­
vention and treatment of preeclampsia. 
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2 (COX-2) t-uL'if~tfL-w1~L~tJ~~1n~.nr~'YI~fl~L~fl~ (endothelial cells) 1~tJ~1'\J 
'Yl1~ interleukin-6 

1.hdmf D~mm~uur[ w.u. *, fi~irmf tiil'lf:Jmrcrnt, w.u. **, 

A'jrp:v f'lf~?'rlrPJnm, "J'I'UJ. *, DBiiilu mn, w. "J.n* 

L '1l'~~'ilf1r.J'IJ~'I11Hll11Lfifll11'llfl~fl'lrlfl'~liim~nr\fl~fll11"llfl'11~~lif~A'l"intln~ ( HUVEC) Qn'WlmL Yn~u~· rl~ L~fl 
L 'll'~ ~1l11Liii~r\~~im.n L~ £1~ 1 'U,SlL~ ri~L 'll'~ ~r\hJiJ'if~~ ( fl ~~ fllUI'j~) 1hif £1~ L 'll'~ ~y\i) 'if~~'ll f:N'I-1 ~~lif~ ATlnL tl'U W 1'1 

(pSerum) ,SlL~rJ~L'll'~~Yli!'ii~~'llfl~'l-1~~1if~A'l"intln~ (nSerum) ,SlL~rJ~L'll'~~Yii! pSerum 1-mnu ant1body \iifJ lnter­

leukln-6 (anti-IL-6 antibody) LL~~,SlLifmL'll'~~Yii! nSerum 'll~nu anti-IL-6 antibody 'Ul'U 24 ilhn "llfltJ'W 

~~fl'rllYIL'll'~~m'iLA"il~'l-fmm"itl"ilfl{]'llfl~ LU"l&i'W COX-1 LL~::: COX-2 LlYitJlTI Western blot 'v1tJly\'lliN 1 tl"lli'i'W COX 

(COX activity) "<:::nnll11Ll11rll11"<lf1tl1mru 6-keto-PGF (stable metabolite 'llfl~ prostacycl1n 'it~Ltl'W rna1or COX 
ou <1.1 lU 

metabolites 1'U HUVEC) 1'U,SlL~tJ~L'll'~~ Ll11tJ'i5 enzyme 1rnrnunoassay (EIA) WUll HUVEC 1'W,SlLiftJ~L'1f"c{r\iJ 
pSerum ( 12 11£1) '11~~ 6-keto-PGF ~lYI~~l~fJLYlrJUrlUmi~AlUA~LL~:::n~~y\LifrJ~1'W,SlLifrJ~l'Ii"c{y\iJ nSerurn 

let ~ .. • 

'il~rlUfll"lU"llfl!J'llfl~ 1 tl1&i'U COX-2 'it~ hJwu 1 'Wfl~~AllJI'j~LL~~n~~y\L~ rl~ 1 'W,SlL~ri~L 'll'~~y\iJ nSerum 'llru~r\m'l 
U'llfl!J'llfl~ 1tl'l&i'U COX-1 wuiltl1mru1mtL~rl~n'WJ~ 3 n~~ 'Wflf1"<ln,J5~wu'llm'ltl'llfl!J'llfl~ 1 tl1&i'W OOX-2 lw 

' ..1 .J' 1 :' .J' .... ...I- .. .J' 1 :' .J' <..1.. ' ~ 
rlfl~YlL~£1~ 'U'UlL"ri~L'lf~~Yl~ pSerum "<~~u'lmru~(;l"~L~m~r~~ 'W'WlL~tJ~L'll'~~Yl~ pSerum 'll~nu anti-IL-6 

antibody 'lJru:::Ylm"l'l-1~~ 6-keto-PGF 1'W1hiftJ~L'll'~~n~uiltl1mruLYl~'lf'W1mtLi-itJ~nun~~AlUA~LL":::noi~YIL~rl~ 1Ct • q q 

1'W,SlL~ri~L'll'~~.y(;i:j nSerum "llflfll'lflf11'illol£11J~<ff-l1 COX-2 iiUYllJlYlLAtJl'li'fl~nun~ 1nm'lLn\il1 'lAAll~\>l'WL~fl\il'3'~ 
1'U'v1~~1if~A'l'lnL U'UW~ Ll11£Jii 1nterleukin-6 L U'U mediator \>l~J'Wm'l1'lll'l'l'l5urY~l1UlYi'v11flm'lfl''h~ 1 tl'lli'i'W'llfl~ COX-2 

'v11fl interleukin-6 fll'i"<~ii~l'W'liltJ1 'Wfll'lUfl~rl'WLL~~fnl'll 1 'lAAll~\>l'ULfifllYI'j~ 1 'U'v1~~1if~ATJnL U'WWl'i M 

mFl'i'll'lLfl.r'll''i'Ylm, 
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