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Preeclampsia is characterized by diffuse vascular endothelial dysfunction. Tumor necrosis factor-a (TNF-a),
which plays a key role in the cytokine network responsible for immunoregulation, is also known to contribute to
endothelial dysfunction and other metabolic disturbances noted in preeclampsia. Results from cross-sectional
studies and one longitudinal study indicate that TNF-a (or its soluble receptor, sTNFp55) is increased in the
peripheral circulation and amniotic fluid of women with preeclampsia as compared with normotensive women.
Between December 1993 and August 1994, prediagnostic sTNFp55 concentrations (a marker of excessive TNF-
a release) were measured in 35 women with preeclampsia and 222 normotensive women to determine whether
elevations precede the clinical manifestation of the disorder. Logistic regression procedures were used to
calculate maximum likelihood estimates of odds ratios and 95% confidence intervals. Mean second trimester
(15-22 weeks' gestation) serum sTNFp55 concentrations, measured by enzyme-linked immunosorbent assay,
were 14.4% higher in preeclamptic women than in normotensive controls (716.6 pg/ml (standard deviation
193.6) vs. 626.4 pg/ml (standard deviation 158.0); p = 0.003). The relative risk of preeclampsia increased across
successively higher quintiles of sTNFp55 (odds ratios were 1.0, 1.3, 2.1, and 3.7, with the lowest quintile used
as the referent; p for trend = 0.007). After adjustment for maternal age, adiposity, and parity, the relative risk
between extreme quintiles was 3.3 (95% confidence interval 0.8-13.4). These findings indicate that the level of
TNF-a in maternal circulation is increased prior to the clinical manifestation of the disorder, and they are
consistent with the hypothesized role of cytokines in mediating endothelial dysfunction and the pathogenesis of
preeclampsia. Further work is needed to identify modifiable risk factors for the excessive synthesis and release
of TNF-a in pregnancy, and to assess whether lowering of TNF-a concentrations in pregnancy alters the
incidence and severity of preeclampsia. Am J Epidemiol 1999;149:323-9.
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Preeclampsia continues to be an important cause of
maternal mortality as well as perinatal morbidity and
mortality worldwide (1). Putative epidemiologic risk
factors for preeclampsia include nulliparity, young and
advanced maternal age, multifetal pregnancies, and
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increased maternal adiposity (2-4). Although there is
increasing evidence that many of the symptoms of
preeclampsia may be attributed to diffuse endothelial
dysfunction (5), the cause of this complex multisystem
maternal disorder remains unknown. However, poor
uteroplacental perfusion, secondary to incomplete
endovascular invasion by cytotrophoblasts, is consid-
ered the primary etiologic factor (5, 6). Women with
preeclampsia experience endocrine disturbances that
include hyperlipidemia, particularly hypertriglycer-
idemia (7, 8), oxidative stress (9, 10), insulin resis-
tance (7), sympathetic nervous system overreactivity
(11), elevations in the placental hormone human chori-
onic gonadotropin (12), and an imbalance in throm-
boxane and prostacyclin synthesis (13, 14). Histologic
studies of the arteries of placentas delivered by
preeclamptic women show fibrin and complement
deposition and the involvement of foam cells in
atheromatous lesions resembling those noted in renal
allograft rejection (15-17).
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Although the causes of endothelial cell activation
and dysfunction in preeclampsia are presently
unknown, investigators have proposed that placental
hypoxemia, secondary to abnormal trophoblast
implantation, gives rise to bloodborne products which
directly or indirectly activate and damage endothelial
cells (5). Cytokines, soluble peptide protein mediators
of the immune system, are involved in immune
response, inflammatory reactions, the control of
maternal immune response, and fetoplacental develop-
ment. They are known to be mediators of endothelial
cell properties, and they have been suggested to be the
bloodborne product capable of damaging endothelial
cells and contributing to many of the pathophysiolog-
ic changes associated with preeclampsia (16, 18).

Tumor necrosis factor-a (TNF-a), a powerful
17-kilobase proinflammatory polypeptide, is active at
picomolar concentrations. It plays a central role as an
endogenous mediator of endotoxic shock, elicits a
wide spectrum of biologic activities, and is the most
well-studied cytokine. Originally identified as a prod-
uct of activated macrophages which inhibit tumor cell
proliferation, TNF-a is now known to be produced by
other cells. It has pleiotropic effects which modulate
cellular growth and differentiation and the synthesis of
other substances. Importantly, TNF-a has been shown
to be synthesized by the placenta (19). The effects of
TNF-a are mediated by the TNF-a-soluble receptors
sTNFp55 and sTNFp75, each of which can be shed as
a soluble protein binding specifically to TNF-a. If
released in large amounts, TNF-a can modify the anti-
coagulant properties of endothelial cells, stimulate
platelet-derived growth factor production, activate
neutrophils, promote hypertriglyceridemia, increase
lipid peroxide formation, modulate cell adhesion mol-
ecules, and induce the release of other proinflammato-
ry cytokines such as interleukin-6 (20, 21). The shed-
ding of TNF-a-soluble receptors is thought to limit the
responsiveness of cells to the effects of TNF-a, and
they are therefore thought to play an important role in
modulating the activity of TNF-a (20).

The collective biologic properties and activities of
TNF-a, coupled with the consistently noted metabolic
disturbances documented in preeclamptic pregnancies,
have led investigators to postulate that TNF-a may be
important in preeclampsia (22-24). Some cross-
sectional studies (16, 18, 25), though not all (26), have
demonstrated that serum or plasma TNF-a concentra-
tions are increased among preeclamptic women as
compared with normotensive pregnant women.
However, since concentrations of TNF-a were deter-
mined after the diagnosis of preeclampsia, it is not
possible to infer from these studies the longitudinal
relation between excessive TNF-a synthesis and the

risk of preeclampsia. Results obtained from two very
small longitudinal studies are conflicting (27, 28).
Additionally, previous investigators have not con-
trolled for potential confounding, nor have they report-
ed the magnitude of associations between varying lev-
els of TNF-a and preeclampsia.

Using a nested case-control study design, we sought
to determine the extent to which elevations of maternal
serum TNF-a-soluble receptor p55 (sTNFp55) during
the second trimester were predictive of subsequent
preeclampsia risk. Because the half-Life of TNF-a is
less than 30 minutes (29, 30)—resulting in poor detec-
tion even in instances of toxic shock (31)—we elected
to measure the soluble receptor, sTNFp55. The half-
life of sTNFp55 is reported to be 45 minutes to 2 hours
(31), thus presenting a more favorable biologic mark-
er for excessive TNF-a release in epidemiologic stud-
ies with only one measurement of exposure.
Specifically, the longer half-life diminishes, to some
extent, the likelihood of subject misclassification
according to excessive TNF-a release.

MATERIALS AND METHODS

A cohort of 1,383 pregnant women who provided a
second trimester serum sample to a central laboratory
between December 1993 and August 1994 and who
later gave birth at the Swedish Medical Center in
Seattle, Washington, constituted the base cohort study
population, wherein the present case-control study was
nested. Each blood sample, collected at 15-22 weeks'
gestation, was centrifuged, and serum was separated.
Serum remaining after routine biochemical analyses
were completed was stored at 20°C. After 1-3 months,
serum samples were transferred to the Swedish
Medical Center and stored at -70°C until analysis.

From this base cohort population of 1,383 pregnant
women, we identified 39 patients who subsequently
developed preeclampsia. The diagnosis of preeclamp-
sia was made in accordance with the guidelines of the
American College of Obstetricians and Gynecologists
(32). Using serial maternal blood pressure readings
and maternal urinary protein results abstracted from
medical records, preeclampsia was defined as a sus-
tained (>6 hours) 15-mmHg rise in diastolic blood
pressure or a 30-mmHg rise in systolic blood pressure.
If first trimester blood pressures were unknown,
preeclampsia was defined as a sustained (^6 hours)
blood pressure greater than or equal to 140/90 mmHg.
Proteinuria was defined as a urinary protein concentra-
tion of 0.1 g/liter or more in at least two random spec-
imens collected at least 4 hours apart. Nulliparity was
not a diagnostic criterion for this investigation. In this
base study population of 1,383 nulliparous and multi-
parous gravidae, the incidence of preeclampsia was
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estimated at 2.8 percent (39/1,383). Of the 39
preeclampsia cases, four subjects had an inadequate
amount of serum for sTNFp55 determination. Hence,
35 cases were available for analysis.

Eligible controls were women who remained nor-
motensive throughout pregnancy. Due to practical con-
straints, it was not possible to include all normotensive
pregnant women as controls. Therefore, using a strati-
fied random sampling algorithm with stratification
based on 3-month intervals within which serum sam-
ples were collected, we identified 222 women to serve
as controls. Women with missing information on blood
pressure and urinary protein test results (n = 4) were
not eligible for inclusion in this investigation, since a
diagnosis of preeclampsia could not be ruled out with
certainty in these women. The large number of controls
provided us with an approximately 1:6 case:control
ratio, thus maximizing statistical power.

Human sTNFp55 was analyzed by enzyme-linked
immunosorbent assay using 96-well polystyrene plates
(Corning, Inc., Acton, Massachusetts) coated
overnight at 4°C with 0.5 JJ-g/ml mouse anti-human
sTNFp55 (R & D Systems, Minneapolis, Minnesota)
in 50 nM sodium carbonate, pH 9.5. After coating, the
plates were washed three times with phosphate-
buffered saline containing 0.05 percent Tween 20
(PBS-T) (Sigma Chemical Company, St. Louis,
Missouri). Nonspecific activity was blocked by incu-
bating the postcoated plates with 5 percent
Blotto/phosphate-buffered saline (Carnation nonfat
dry milk in phosphate-buffered saline; Nestle Foods
Corporation, Glendale, California) at room tempera-
ture for 30 minutes. Plates were then washed three
times with PBS-T prior to the addition of samples.

Diluted samples were incubated overnight at 4°C in
high-salt assay buffer (1 percent mouse serum/5 nM
ethylenediaminetetraacetic acid/PBS-T + 0.5 M sodium
chloride). The next day, the plates were washed three
times with PBS-T. Detection of captured sTNFp55 was
accomplished by the addition of 0.1 (ig/ml rabbit anti-
human sTNFp55 (Monosan AM, Uden, The
Netherlands) in 1 percent mouse serum/PBS-T at room
temperature for 2 hours. After washing with PBS-T
three additional times, detection of the captured
sTNFp55 sandwich was determined using donkey anti-
rabbit immunoglobulin Grhorseradish peroxidase con-
jugate (Jackson ImmunoResearch, West Grove,
Pennsylvania) with a working dilution of 1:5,000 in
PBS-T at room temperature for 30 minutes. Finally, the
plates were again washed with PBS-T three times, and
substrate (3,3',5,5'-tetramethylbenzidine with hydro-
gen peroxide; Kirkegaard and Perry Laboratories,
Gaithersburg, Maryland) was added. The reaction was
stopped with 1 M sulfuric acid.

Absorbance was determined at 450 nm using a
microplate reader (Vmax; Molecular Devices,
Sunnyvale, California). Unknown sTNFp55 values
were calculated from a standardized curve using
recombinant human sTNFp55 (R & D Systems) in
high-salt assay buffer by four-parameter analysis
(SoftMax Pro; Molecular Devices). Inter- and intra-
assay coefficients of variation were determined to be
<10 percent with an assay sensitivity of <2 pg/ml.
Analyses of all samples, standards, and controls were
run in duplicate. All laboratory analyses were per-
formed without knowledge of pregnancy outcomes.

Information on maternal sociodemographic charac-
teristics, reproductive and medical histories, and labor
and delivery characteristics, as well as anthropometric
measurements (maternal height, prepregnancy weight,
and weight at 18-22 weeks' gestation), was abstracted
from maternal medical records. Gestational age was
based on the date of the last menstrual period and was
confirmed by ultrasound examination, conducted prior
to 20 weeks' gestation. Body mass index, used as a
measure of overall maternal adiposity, was calculated
as weight in kilograms divided by height in meters
squared. Maternal pregnancy weight gain (up to 18-22
weeks' gestation) was calculated by subtracting mater-
nal prepregnancy weight from maternal weight mea-
sured at 18-22 weeks' gestation.

To estimate the relative association between
preeclampsia and second trimester sTNFp55 concen-
trations, we categorized each subject according to
quintiles determined by the distribution of sTNFp55
concentrations in control subjects. Using the lowest
quintile as the referent group, we estimated odds ratios
and 95 percent confidence intervals. The Mantel
extension test for linear trend in proportion was used in
univariate analyses to test for a linear component of
trend in preeclampsia risk in relation to sTNFp55
receptor concentrations in maternal serum (33).
Logistic regression procedures were used to calculate
maximum likelihood estimates for the coefficients,
and their standard errors were used to calculate odds
ratios and 95 percent confidence intervals adjusted for
confounding factors. In multiple logistic regression
models, significance for monotonic trends was
assessed by treating the five quintiles as a continuous
variable after assigning a score for each quintile.

To assess confounding, we entered variables into a
logistic regression model one at a time, then compared
the adjusted and unadjusted odds ratios (34, 35).
Factors assessed as potential confounders included
maternal age (continuous and categorical), race,
receipt of public assistance (welfare), marital status,
cigarette smoking status, parity, gravidity, prepregnan-
cy body mass index, and gestational age at specimen
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collection. Final logistic regression models included
covariates that altered unadjusted odds ratios by at
least 10 percent (34). The final modeling of confound-
ing variables was based on the categorizations that
accounted for the greatest degree of confounding.
Effect modification by parity and adiposity (as mea-
sured by maternal prepregnancy body mass index) was
evaluated in stratified analyses and by including
appropriate interaction terms in logistic regression
models (35). All reported p values are two-tailed.

The research was approved by the Institutional
Review Board of the Swedish Medical Center.

RESULTS

Sociodemographic, medical, and reproductive char-
acteristics of the study subjects are presented in table
1. Women who developed preeclampsia, as compared
with control subjects, tended to be heavier and to be
nulliparous. Preeclampsia cases and controls had
gained similar amounts of weight by the second
trimester. The average gestational age at blood collec-
tion was similar for the two study groups. The mean

maternal second trimester sTNFp55 concentration was
statistically significantly higher among women who
later developed preeclampsia than among those
women who remained normotensive throughout preg-
nancy (716.6 pg/ml (SD 193.6) vs. 626.4 pg/ml (SD
158.0); p = 0.003). In absolute terms, sTNFp55 con-
centrations were, on average, 14.4 percent higher
among women who later developed preeclampsia than
in women who remained normotensive throughout
pregnancy.

The relative risk of preeclampsia increased signifi-
cantly across increasing quintiles of concentrations of
maternal serum sTNFp55 (table 2) (for linear trend in
risk across quintiles, unadjusted p = 0.007). Women in
the highest quintile experienced a 3.7-fold increased
risk of preeclampsia compared with women in the
lowest quartile (unadjusted odds ratio = 3.7,95 percent
confidence interval 1.0-14.4). After adjustment for
potential confounding by maternal age, adiposity, and
parity, the relative risk between extreme quintiles
decreased slightly and was no longer statistically sig-
nificant (adjusted odds ratio = 3.3, 95 percent confi-
dence interval 0.8-13.4; for linear trend in risk, adjust-

TABLE 1. Selected soclodemographic and clinical characteristics of participants In a study of tumor
necrosis factor-a and preeclampsia, Seattle, Washington, 1993-1994

Characteristic

Mean maternal age (years)
<19
19-34
2:35

Black race

Receipt of public assistance (welfare)

Single marital status

Cigarette smoker

Primigravida

Nulllpara

Mean prepregancy body mass indext
Quartile 1 (<19.9)
Quartile 2 (19.9-21.6)
Quartile 3 (21.7-23.4)
Quartile 4 (2:23.4)

Mean body mass index at 18-22 weeks

Mean weight gain (kg) by 18-22 weeks

Mean gestational age (weeks) at
specimen collection

Mean gestational age (weeks) at delivery

Mean infant birth weight (g)

Mean sTNFp554: level (pg/ml)

Preeclampsia cases (n = 35)

No.

31.11 (6.5)*
1

22
12

3

7

9

3

15

25

24.8 (3.2)
5
4
9

17

27.4 (3.4)

2.7(1.5)

16.9(1.9)

36.7 (3.4)

2.809 (968)

716.6(193.6)

%

2.9
62.9
34.3

8.6

20.0

25.7

8.6

42.9

71.4

14.3
11.4
25.7
48.6

Control subjects (n

No.

29.61 (4.7)
6

190
26

14

39

39

27

63

108

22.6 (3.8)
55
56
55
56

24.9 (4.0)

2.4(1.5)

16.9(1.1)

38.6 (2.0)

3,400 (550)

626.4 (158.0)

= 222)

%

2.7
85.6
11.7

6.3

17.6

17.6

12.2

28.4

48.7

24.8
25.2
24.8
25.2

• Numbers in parentheses, standard deviation.
t Weight (kg)/height (m)2.
X sTNFp55, tumor necrosis factor-a-soluble receptor p55.

Am J Epidemiol Vol. 149, No. 4, 1999

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/149/4/323/58972 by guest on 24 April 2024



Maternal Serum sTNFp55 and Risk of Preeclampsia 327

TABLE 2. Second trimester serum concentrations of tumor necrosis factor-a-soluble receptor p55
(sTNFp55) In women who developed preeclampsia and those who remained normotenslve throughout
pregnancy, Seattle, Washington, 1993-1994

Qufntfle of sTNFp55

(pg/mij

<502.6
502.6-573.4
573.5-650.3
650.5-744.0
>744.0

p trend

Preeclampsia
cases (n = 35)

No.

4
4
5
8

14

%

11.4
11.4
14.3
22.9
40.0

Control subjects
(n = 222)

No.

45
45
45
44
43

%

20.3
20.3
20.3
19.8
19.4

Unadjusted
odds
ratio

1-0t
1.0
1.3
2.1
3.7

0.007

95%
confidence

interval

0.2-5.7
0.3-6.0
0.5-8.8
1.0-14.4

Adjusted*
odds
ratio

1.0t
1.6
1.3
2.1
3.3

0.055*

95%
confidence

interval

0.3-7.7
0.3-6.2
0.5-9.1
0.8-13.4

* Adjusted for maternal age, parity, and body mass index,
t Referent

ed p = 0.055). There was no evidence of effect modifi-
cation by parity or maternal prepregnancy adiposity.

DISCUSSION

We have shown that excessive TNF-a release (as
measured by detection of the soluble receptor
sTNFp55 in maternal serum collected at an average
gestational age of 16 weeks) into the maternal circula-
tion precedes the clinical manifestation of preeclamp-
sia. After we controlled for potential confounders,
women in the highest quintile of serum sTNFp55 con-
centration as compared with women in the lowest
quintile experienced a 3.3-fold increased risk of
preeclampsia. These findings are consistent with the
hypothesis that excessive cytokine release, particular-
ly release of TNF-a, mediates risk of preeclampsia.
Our reported associations are in general agreement
with results from some previous cross-sectional inves-
tigations (16, 18, 25), but not all (26). In a case-control
study of 31 women with preeclampsia and an equal
number of normotensive controls matched on maternal
age, parity, and gestational age (average gestational
age was approximately 33 weeks), Vince et al. (18)
noted that TNF-a concentrations were not detectable
for a majority of cases and controls. Median concen-
trations of sTNFp55 were reported to be statistically
significantly higher in cases than in controls (1.22
ng/ml vs. 0.72 ng/ml; p < 0.001). The investigators fur-
ther noted that concentrations of sTNFp55 were corre-
lated with the severity of preeclampsia.

Our results are at variance with those of Meekins et
al. (27), who reported that TNF-a concentrations were
not elevated prior to the clinical manifestation of
preeclampsia. In their study of 10 preeclamptic and 10
normotensive pregnant women, they noted that mater-
nal serum TNF-a concentrations (at 32 weeks' gesta-
tion, on average) were below the level of detection (<80
pg/ml) in all instances. In one report that has been pub-
lished since we conducted our study, investigators pro-

vide evidence which corroborates our findings, hi a
study of Japanese women, Hamai et al. (28), using a
very sensitive assay, measured TNF-a in serum samples
collected at 11-13 weeks' gestation for 16 preeclamptic
women and 16 normotensive pregnant controls. The
investigators reported that median TNF-a concentra-
tions were statistically significantly higher in cases than
in controls (9.5 pg/ml vs. 4.5 pg/ml; p < 0.05).

Results from several other studies also support our
observations. Placental TNF-a protein levels are
increased for preeclamptic women as compared with
controls (36). Wang and Walsh (36) recently reported
that mean levels of TNF-a were 49 percent higher in
preeclamptic placentas than in the placentas of nor-
motensive pregnant women (17.32 pg/mg protein (SD
1.97) vs. 11.62 pg/mg protein (SD 0.93)). Using
reverse transcription polymerase chain reaction, the
investigators also snowed that placental TNF-a
mRNA was expressed in preeclamptic placentas but
not in normotensive placentas. Interestingly, Chen et
al. (37), in their study of 14 women with preeclampsia,
12 normotensive pregnant women, and 15 nonpreg-
nant women, reported that TNF-a mRNA expression
(RNA from peripheral blood leukocytes) was signifi-
cantly elevated in preeclamptic women as compared
with normotensive pregnant women and nonpregnant
women, respectively. Moreover, in their evaluation of
the distribution of subjects according to the TNF-a
polymorphism, Chen et al. noted that the frequency of
the TNF, allele, which is associated with significantly
higher TNF-a mRNA expression, was significantly
increased in preeclamptic cases (37).

Many of the consistently documented pathophysio-
logic features of preeclampsia may result from or be
augmented by the biologic activities of TNF-a. For
instance, disseminated intravascular coagulation
which is seen in preeclampsia (5) may result from the
actions of TNF-a on platelets and its promotion of pro-
coagulative conditions over the vascular endothelium
(20, 38). Furthermore, TNF-a is a potent activator of
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neutrophils (20). Greer et al. (39) have shown previ-
ously that activated neutrophils precede the clinical
manifestation of preeclampsia. It is notable that TNF-
a-induced hyperlipidemia is part of the acute-phase
response induced by TNF-a and other proinflammato-
ry cytokines in response to infection and inflammation
(40). Feingold et al. (41) have shown TNF-a substan-
tially augments hepatic synthesis of fatty acids and
triglycerides. Results from studies in humans (42) and
animals (41) indicate that administration of TNF-a
promotes increases in serum triglyceride concentra-
tions. Feingold et al. (41) have shown that TNF-a
acutely stimulates de novo fatty acid synthesis and
hepatic triglyceride synthesis. The latter has been
shown to result in increased secretion of lipids into the
circulation. Moreover, Semb et al. (43) have shown
diat TNF-a is capable of decreasing adipose lipopro-
tein lipase activity, which in turn may lead to
decreased clearance of triglyceride-rich lipoproteins,
resulting in hypertriglyceridemia. Investigators have
shown that hyperlipidemia, particularly hypertriglyc-
eridemia, precedes the clinical manifestation of
preeclampsia (8).

Cells treated with TNF-a release arachidonic acid,
an omega-6 fatty acid that can be metabolized to
prostaglandin (44) and the potent lipolytic enzyme
phospholipase A2. We have shown previously that
arachidonic acid is increased in preeclampsia, and
other investigators have reported that phospholipase
A2 is increased in preeclampsia (4). Supplementation
with omega-3 fatty acids has been shown to signifi-
cantly attenuate the production of proinflammatory
cytokines, including TNF-a (45, 46). Antioxidants
have been suggested to selectively inhibit the release
of TNF-a because they control glutathione, which is
regarded as an endogenous modulator of TNF-a pro-
duction (47). Finally, TNF-a, which is synthesized by
both decidual and trophoblast cells, has been shown to
significantly inhibit trophoblast cell motility in vitro
(48); this suggests that the excessive release of the
cytokine may, in part, contribute to restricted endovas-
cular cytotrophoblast invasion along the uterine spiral
arteries in preeclampsia (6).

In summary, TNF-a interacts in complex ways with
the immune compartment and with vascular endothe-
lial cells to release other cytokines, to augment the
expression of adhesion molecules, to promote the
release of neutrophils, and to promote the synthesis of
lipid peroxides and eicosanoids, which are likely to be
important mediators of pathophysiologic lesions seen
in preeclampsia. The results of our study indicate that
women destined to develop preeclampsia have elevat-
ed serum sTNFp55 concentrations in the second
trimester (a marker for excessive TNF-a release) as

compared with women who remain normotensive
throughout pregnancy. Anti-TNF-a therapy, including
administration of medications which prevent the syn-
diesis of endogenous TNF-a, has been shown to atten-
uate organ rejection, graft-versus-host disease (20),
and other conditions, including rheumatoid arthritis
(49) and adult respiratory distress syndrome (30),
which are known to be mediated by TNF-a. Additional
work is needed to confirm our findings, to identify
modifiable risk factors for the excessive synthesis and
release of TNF-a in pregnancy, and to assess whether
lowering of TNF-a concentrations in pregnancy alters
the incidence and severity of preeclampsia.

ACKNOWLEDGMENTS

This research was supported in part by the National
Institutes of Health (grants HD/HL-32562 and CA-15704).

The authors thank Emilio Beltran and Hong Tang for their
skillful technical assistance.

REFERENCES

1. Zuspan FP, Samuels P. Preventing preeclampsia. N Engl J Med
1993;329:1265-6.

2. Mittendorf R, Lain KY, Williams MA, et al. Preeclampsia: a
nested case-control study of risk factors and their interactions.
J Reprod Med 1996:41:491-6.

3. Eskenazi B, Fenster L, Sidney S. A multivariate analysis of
risk factors for preeclampsia. JAMA 1991;266:237-41.

4. Williams MA, Zingheim RW, King IB, et al. Omega-3 fatty
acids in maternal erythrocytes and risk of preeclampsia.
Epidemiology 1995;6:232-7.

5. Roberts JM, Redman CW. Pre-eclampsia: more than
pregnancy-induced hypertension. Lancet 1993;341:1447-51.

6. Redman CW. Cytotrophoblasts: masters of disguise. Nat Med
1997;3:610-ll.

7. Kaaja R, Tikkanen MJ, Viinikka L, et al. Serum lipoproteins,
insulin, and urinary prostanoid metabolites in normal and
hypertensive pregnant women. Obstet Gynecol 1995;85:
353-6.

8. Gratacos E, Casals E, Sanllehy C, et al. Variation in lipid lev-
els during pregnancy in women with different types of hyper-
tension. Acta Obstet Gynecol Scand 1996;75:896-901.

9. Hubel CA, Roberts JM, Taylor RN, et al. Lipid peroxidation in
pregnancy: new perspectives on preeclampsia. Am J Obstet
Gynecol 1989;161:1025-34.

10. Walsh SW. Lipid peroxidation in pregnancy. Hypertens Pregn
1994;13:l-32.

11. Schobel HP, Fischer T, Heuszer K, et al. Preeclampsia—a state
of sympathetic overactivity. N Engl J Med 1996;335:1480-5.

12. Sorensen TK, Williams MA, Zingheim RW, et al. Elevated
second-trimester chorionic gonadotropin and subsequent
pregnancy-induced hypertension. Am J Obstet Gynecol 1993;
169:834-8.

13. Walsh SW, Behr MJ, Allen NH. Placental prostacyclin produc-
tion in normal and toxemic pregnancies. Am J Obstet Gynecol
1985;151:110-15.

14. FitzGerald DJ, Entman SS, Mulloy K, et al. Decreased prosta-

Am J Epidemiol Vol. 149, No. 4, 1999

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/149/4/323/58972 by guest on 24 April 2024



Maternal Serum sTNFp55 and Risk of Preeclampsia 329

cyclin biosynthesis preceding the clinical manifestation of
pregnancy-induced hypertension. Circulation 1987;75:956-63.

15. Sibai BM. Immunologic aspects of preeclampsia. Clin Obstet
Gynecol 1991;34:27-34.

16. Kupferminc MJ, Peaceman AM, Wigton TR, et al. Tumor
necrosis factor-alpha is elevated in plasma and amniotic fluid
of patients with severe preeclampsia. Am J Obstet Gynecol
1994;170:1752-9.

17. Taylor RN. Review: immunobiology of preeclampsia. Am J
Reprod Immunol 1997;37:79-86.

18. Vince GS, Starkey PM, Austgulen R, et al. Interleukin-6,
tumour necrosis factor and soluble tumour necrosis factor
receptors in women with preeclampsia. Br J Obstet Gynaecol
1995;102:2O-5.

19. Hunt JS, Chen H-L, Miller L. Tumor necrosis factors: pivotal
components of pregnancy? Biol Reprod 1996^4:554-62.

20. Fiers W. Tumor necrosis factor: characterization at the molec-
ular, cellular and in vivo level. FEBS Lett 1991;285:199-212.

21. Gedeit RG. Tumor necrosis factor-induced E-selectin expression
on vascular endothelial cells. Crit Care Med 1996;24:1543-6.

22. Conrad KP, Benyo DF. Placental cytokines and the pathogen-
esis of preeclampsia. Am J Reprod Immunol 1997;37:24O-9.

23. Stark JM. Pre-eclampsia and cytokine induced oxidative
stress. Br J Obstet Gynaecol 1993; 100:105-9.

24. Orvieto R, Ben-Rafael Z. The role of cytokines in early detec-
tion of preeclampsia. Med Hypotheses 1994;43:315-18.

25. Visser W, Beckmann I, Bremer HA, et al. Bioactive tumour
necrosis factor a in pre-eclamptic patients with and without
the HELLP syndrome. Br J Obstet Gynaecol 1994; 101:
1081-2.

26. Greer LA, Lyall F, Perera T, et al. Increased concentration of
cytokines interleukin-6 and interleukin-1 receptor antagonist
in plasma of women with preeclampsia: a mechanism for
endothelial dysfunction? Obstet Gynecol 1994;84:937^t0.

27. Meekins JW, McLaughlin PJ, West DC, et al. Endothelial cell
activation by tumour necrosis factor-alpha (TNF-a) and the
development of pre-eclampsia. Clin Exp Immunol 1994;98:
110-14.

28. Hamai Y, Fujii T, Yamashita T, et al. Evidence for an elevation
in serum interleukin-2 and tumor necrosis factor-a levels
before the clinical manifestations of preeclampsia. Am J
Reprod Immunol 1997;38:89-93.

29. Blick M, Sherwin SA, Rosenblum M, et al. Phase I study of
recombinant tumor necrosis factor in cancer patients. Cancer
Res 1987;47:2986-9.

30. Parsons PE, Moore FA, Moore EE, et al. Studies on the role of
tumor necrosis factor in adult respiratory distress syndrome.
Am Rev Respir Dis 1992; 146:694-700.

31. Van Zee KJ, Kohno T, Fisher E, et al. Tumor necrosis factor
soluble receptors circulate during experimental and clinical
inflammation and can protect against excessive tumor necrosis
factor a in vitro and in vivo. Proc Natl Acad Sci U S A
1992;89:4845-9.

32. American College of Obstetricians and Gynecologists.
Management of preeclampsia. (Technical bulletin no. 19).

Washington, DC: American College of Obstetricians and
Gynecologists, 1986.

33. Mantel N. Chi-square tests with one degree of freedom: exten-
sions of the Mantel-Haenszel procedure. J Am Stat Assoc
1963;58:690-700.

34. Greenland S. Modeling and variable selection in epidemiolog-
ic analysis. Am J Public Health 1989;79:340-9.

35. Rothman K. Modem epidemiology. Boston, MA: Little,
Brown and Company, 1986.

36. Wang Y, Walsh SW. TNF a concentrations and mRNA expres-
sion are increased in preeclamptic placentas. J Reprod
Immunol 1996;32:157-69.

37. Chen G, Wilson R, Wang SH, et al. Tumour necrosis factor-
alpha (TNF-a) gene polymorphism and expression in pre-
eclampsia. Clin Exp Immunol 1996;104:154-9.

38. van der Poll T, Buller HR, ten Cate H, et al. Activation of coag-
ulation after administration of tumor necrosis factor to normal
subjects. N Engl J Med 199O;332:1622-7.

39. Greer LA, Haddad NG, Dawes J, et al. Neutrophil activation in
pregnancy-induced hypertension. Br J Obstet Gynaecol 1989;
96:978-82.

40. Perlmutter DH, Dinarello CA, Punsal PI, et al.
Cachectin/tumor necrosis factor regulates hepatic acute-phase
gene expression. J Clin Invest 1986;78:1349-54.

41. Feingold KR, Serio MK, Adi S, et al. Tumor necrosis factor
stimulates hepatic lipid synthesis and secretion. Endocrinology
1989; 124:2336-42.

42. Starnes HF Jr, Warren RS, Jeevanandam M, et al. Tumor
necrosis factor and the acute metabolic response to injury in
man. J Clin Invest 1988;82:1321-5.

43. Semb H, Peterson J, Taveraier J, et al. Multiple effects of
tumor necrosis factor on lipoprotein lipase in vivo. J Biol
Chem 1987;262:839O-4.

44. Meydani SN, Dinarello CA. Influences of dietary fatty acids
on cytokine production and its clinical implications. Nutr Clin
Pract 1993;8:65-72.

45. Meydani S, Endres S, Woods MM, et al. Oral (n-3) fatty acid
supplementation suppresses cytokine production and lympho-
cyte proliferation: comparison between younger and older
women. J Nutr 1991;121:547-55.

46. Caughey GE, Mantzioris E, Gibson RA, et al. The effect on
human tumor necrosis factor a and interleukin 1 p production
of diets enriched in n-3 fatty acids from vegetable oil or fish
oil. Am J Clin Nutr 1996;63:116-22.

47. Peristeris P, Clark BD, Gatti S, et al. W-acetylcysteine and glu-
tathione as inhibitors of tumor necrosis factor production. Cell
Immunol 1992; 140:390-9.

48. Todt JC, Yang Y, Lei J, et al. Effects of tumor necrosis factor-
alpha on human trophoblast cell adhesion and motility. Am J
Reprod Immunol 1996;36:65-71.

49. Das UN. Lnteraction(s) between essential fatty acids,
eicosanoids, cytokines, growth factors and free radicals: rele-
vance to new therapeutic strategies in rheumatoid arthritis and
other collagen vascular diseases. Prostaglandins Leukot Essent
Fatty Acids 1991;44:201-10.

Am J Epidemiol Vol. 149, No. 4, 1999

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/149/4/323/58972 by guest on 24 April 2024


