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OBJECTIVE: To investigate potential association or linkage
among nine polymorphisms in the genes encoding tumor
necrosis factor (TNF) a or lymphotoxin (LT) a and pre-
eclampsia.

METHODS: Four di-allelic polymorphisms and five micro-
satellite markers in the genes encoding TNF-a (TNF) and
LTa (LTA) and their haplotypes were studied in 150 Dutch
families. These families contained sib-pairs of women af-
fected with preeclampsia; eclampsia; the hemolysis, ele-
vated liver enzymes, low platelets (HELLP) syndrome
(strict criteria); or pregnancy-induced hypertension (mild
criteria). Frequencies were compared with 98 healthy con-
trols. Nonparametric affected sib-pair analyses for allele
sharing among siblings were carried out for all nine mark-
ers. Each sibship was composed of an affected index
woman and one or more affected sisters.

RESULTS: Although we found a striking association with
the TNF-I haplotype in 30 index women with (pre-)eclamp-
sia or HELLP syndrome compared with controls (odds
ratio [OR] 3.8; 95% confidence interval [CI] 1.6, 8.9), this
association was not found in their 30 sisters meeting similar
disease criteria. Analyses in all 150 families showed a
similar TNF-I association in 122 index women meeting the
strict criteria compared with controls (OR 1.9; 95% CI 1.1,
3.3), but, again, not in their 91 sisters meeting similar
disease criteria. This association was stronger in a sub-
group of 75 index women with preeclampsia only (OR 2.3;
95% CI 1.2, 4.2). No excess allele sharing for any marker
was seen between the siblings.

CONCLUSION: The nine polymorphisms studied in the
TNF-LTA region did not show evidence for association or
linkage with familial preeclampsia. (Obstet Gynecol
2001;98:612–9. © 2001 by the American College of Obste-
tricians and Gynecologists.)

Despite evidence for a familial predisposition to pre-
eclampsia,1–3 it has been difficult to identify the genes
involved. Genome scans can identify susceptibility loci,4

but studying specific candidate genes could be useful as
well. Although the pathogenesis of preeclampsia is un-
known, several features of the disease are well estab-
lished and suggest certain candidate genes.

Cytokines like tumor necrosis factor (TNF) a and
lymphotoxin (LT) a play a central role in immune and
inflammatory responses and are therefore prime candi-
dates for the observed activation of the endothelium.5–7

Indeed, increased production of TNF-a has been de-
scribed in support of this hypothesis.8,9 Furthermore,
Faas and colleagues created a preeclampsia-like syn-
drome in pregnant rats using an ultra–low-dose endo-
toxin infusion protocol,10 and recently Redman et al11

postulated that pregnancy itself causes universal mater-
nal inflammatory responses that might be undermined in
preeclampsia.

The TNF and LTA genes are arranged in tandem
within the major histocompatibility complex class III
region on the short arm of chromosome 6. So far, two
case-control association studies between preeclampsia
and a polymorphism at position TNF2308 in the pro-
moter region of TNF have been published. Chen and
co-workers found an association between the TNF-T1
allele (TNF2308 allele 1) and preeclampsia,12 but others
did not find association for the TNF-T1 or -T2 allele.13

These conflicting results could have been due to small
sample sizes in these studies, disease heterogeneity, or
population heterogeneity. We designed a controlled
study with a larger sample set to test the possible associ-
ation of these loci with preeclampsia using nine markers
within a population of 150 sib-pair families.

From the Departments of Clinical Genetics and Human Genetics (AMAL, GP,
LPtK), Obstetrics and Gynecology (AMAL), and the Laboratory of Gastrointes-
tinal Immunogenetics (JBAC), Vrije Universiteit Medical Center, Amsterdam,
The Netherlands; Department of Obstetrics and Gynecology, North West Adelaide
Health Service, University of Adelaide, Elizabeth Vale, Australia (GAD); and
University of Iceland, Reykjavı́k, Iceland (RA).

Financial support was given by The Netherlands Organization for Scientific
Research (NWO) (950-10-612) and the Health Research and Development
Council (28-2593), The Hague, The Netherlands.

The authors thank Esther B. Bastiaans for genotyping all study groups; M.
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MATERIALS AND METHODS

Recruited siblings were affected by either (severe) pre-
eclampsia; eclampsia; the hemolysis, elevated liver en-
zymes, low platelets (HELLP) syndrome (“strict” diag-
nostic criteria); or pregnancy-induced hypertension
(“mild” diagnostic criterion). Preeclampsia was defined
as a diastolic blood pressure (BP) of at least 90 mmHg
with an increment of at least 20 mmHg from a first
trimester diastolic BP measurement and proteinuria of at
least 300 mg per 24 hours, or at least twice 11 on
dipstick. Severe preeclampsia was defined by a diastolic
BP of at least 110 mmHg and proteinuria of at least 1 g
per 24 hours. Eclampsia was defined as seizures occur-
ring in a hypertensive pregnancy, with or without pro-
teinuria. HELLP syndrome was defined by hemolysis
(lactic dehydrogenase at least 600 IU/L), elevated liver
enzyme levels (aspartate amino transferase at least 70 IU/
L), and thrombocytopenia (at most 100 platelets per
109/L). Pregnancy-induced hypertension was defined as
a diastolic BP of at least 90 mmHg with an increment of
at least 20 mmHg from a first trimester diastolic blood
pressure measurement without significant proteinuria
(up to 300 mg per 24 hours).

Between June 1995 and October 1997, 150 families of
affected sisters and their parents were selected for anal-
ysis by genome wide scan and candidate gene studies.
Recruitment of 2940 women with a history of hyperten-
sion in pregnancy was through three routes (Figure 1).
Affected women meeting the strict criteria (n 5 448)
were selected from medical records of the Vrije Univer-
siteit Medical Center in Amsterdam and the Academic
Hospital in Groningen, The Netherlands. Another 2443
affected women were recruited from obstetric databases

of 20 other hospitals in The Netherlands using only the
crude search criterion of a diastolic blood pressure of at
least 100 mmHg throughout pregnancy. Another 49
affected women were recruited through advertisements.
Medical family history questionnaires were sent out to
all 2940 women. Response was only required when the
family history appeared positive. Medical records were
examined for all women who responded that they had at
least one affected sister (n 5 178). Their sisters’ medical
records were examined in a similar manner.

A total of 150 families met the study criteria and were
included. Each sibship in a family contained one affected
index woman (the first recruited sibling) and one or
more affected sisters. One hundred twenty-seven fami-
lies contained one index woman and one sister; 20
families contained one index women and two sisters;
three families contained one index woman and three
sisters; and one family contained one index woman and
five sisters. All families together contained 332 affected
women, of whom 233 met the strict criteria. In 88
families, both parents were available for genotyping; in
50 families, only one parent was available; and in 12
families, both parents were unavailable. Demographic
and phenotypic characteristics of the 150 index women
and their 182 sisters are shown in Table 1.

Four different study groups from the families were
created for comparisons with the control group (Table
2). The “strict index women group” was composed of
122 index women with either preeclampsia or HELLP
syndrome. The “strict sisters group” was composed of
91 unrelated sisters with either preeclampsia or HELLP
syndrome. The term “unrelated” means that when more
than one sister meeting the strict criteria was available in
a family, the first recruited sister meeting the same diag-
nostic criterion from each family was chosen. The “un-
related preeclamptic group” consisted of 101 unrelated
women (either index woman or sister) meeting the crite-
rion for preeclampsia only. The “unrelated HELLP
group” consisted of 63 women (either index woman or
sister) meeting the criterion for HELLP syndrome only.

The control group, consisting of 98 adult, unrelated,
healthy Dutch students and staff members of the Vrije
Universiteit (51 male and 47 female), was previously
published.14 We used this control group to represent the
typical genotype and haplotype frequencies in the gen-
eral Dutch population. Phenotype characteristics were
not available for this group.

We analyzed two di-allelic polymorphisms at posi-
tions 2308 and 2238 in the promoter region of the TNF
gene, two di-allelic polymorphisms in the first intron of
the LTA gene (LTA-NcoI and LTA-AspHI), and five
microsatellite markers: TNFa, b, c, d, and e. In the Dutch
population, the alleles of the four di-allelic polymor-

Figure 1. Recruitment of 150 affected sib-pair families.
Lachmeijer. TNF and LTA Polymorphisms and Preeclampsia. Obstet Gynecol
2001.
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phisms are seen in only five combinations or haplo-
types.15 Figure 215,16 shows how the separate alleles form
the haplotypes. In accordance with international nomen-
clature, these haplotypes are further referred to as
TNF-C, -E, -H, -I, and -P.

Genomic DNA was extracted from peripheral leuko-
cytes using DNAzol reagent (Invitrogen, Molecular Re-
search Center, Inc., Cincinnati, OH). Genotyping of the
di-allelic polymorphisms at positions 2308 and 2238 in
the promoter region of the TNF gene was done as
described by D’Alfonso and Richiardi.17 Genotyping of
the LTA-NcoI alleles was done as previously described by
Messer et al.18 The LTA-AspHI alleles were genotyped
according to Ferencik et al.19 Microsatellites TNFa, b, c,
d, and e were typed according to Udalova et al.16 Frag-
ment analysis was performed on an ABI PRISM 310
Genetic Analyzer (Applied Biosystems, Torrance, CA).
Software used for size calling were GeneScan 2.0.2 and
Genotyper 2.0 (Applied Biosystems, Torrance, CA).

Like the di-allelic polymorphism alleles, the microsat-
ellite marker alleles formed haplotypes (data not shown).

The total number of microsatellite haplotypes was con-
siderably larger (n 5 52) than the five di-allelic polymor-
phism haplotypes because the number of alleles of each
microsatellite marker was around six instead of two. The
microsatellite haplotypes were therefore highly informa-
tive and could be compared to and matched with the
di-allelic polymorphism haplotypes. Details of the distri-
bution of the microsatellite haplotypes over the di-allelic
haplotypes will be described elsewhere (article in prepa-
ration).

Data analyses of the frequencies of the di-allelic hap-
lotypes are presented as proportions of individuals who
are hetero- or homozygous for a given haplotype (12 or
11 frequencies) and as singular haplotype frequencies.
Differences in 12 or 11 frequencies between the four
study groups and controls were calculated by means of
232 contingency table analyses and expressed as odds
ratios (OR) using Instat 2.02 (Graphpad Software, San
Diego, CA). Differences in allele frequencies of the sep-
arate di-allelic polymorphisms between the four study
groups and controls were similarly expressed as OR with

Table 1. Demographic and Phenotypic Characteristics of Siblings

Characteristics

Index Women (n 5 150) Sisters (n 5 182)

Range Range

Maternal age at delivery (y) 29 17, 43 28 18, 43
First trimester systolic BP (mmHg) 122 95, 180 124 95, 160
Maximum systolic BP (mmHg) 156 120, 220 153 115, 200
Rise in systolic BP (mmHg) 35 10, 100 30 10, 90
First trimester diastolic BP (mmHg) 73 55, 85 75 55, 85
Maximum diastolic BP (mmHg) 107 90, 140 106 90, 150
Rise in diastolic BP (mmHg) 33 10, 60 31 10, 80
Proteinuria (g/24h) 24 0, 44 21 0, 25
Gestational age at delivery (wk 1 d) 36 1 1 24 1 0, 42 1 0 37 1 1 25 1 3, 42 1 1
Birth weight at delivery (g) 2476 320, 4635 2645 487, 4360
Growth percentiles at delivery (p) p25 ,p2.3, .p97.7 p25 ,p2.3, .p97.7
Dutch nationality (%) 94 95
Preeclampsia (%) 48 41
Eclampsia (%) 1 1
HELLP syndrome (%) 32 19
Pregnancy-induced hypertension (%) 19 39
BP 5 blood pressure; HELLP 5 hemolysis, elevated liver enzymes, low platelets.

P 5 not significant for all comparisons.

Table 2. Number and Diagnosis of Affected Women in 150 Sib-Pair Families and the Four Study Groups

n
Index women

(n)
Sisters

(n)
Preeclampsia*

(n)
HELLP†

(n)
Pregnancy-induced

hypertension (n)

150 sib-pair families 332 150 182 152 81 99
Strict index women group 122 122 75 47
Strict sisters group 91 91 65 27
Unrelated preeclamptic group 101 73 28 101
Unrelated HELLP group 63 47 16 63
HELLP 5 hemolysis, elevated liver enzymes, low platelets.

* Preeclampsia in this column stands for the diagnostic criteria preeclampsia, severe preeclampsia, and eclampsia without HELLP syndrome.
† HELLP in this column stands for the diagnostic criteria HELLP syndrome and eclampsia combined with HELLP syndrome.
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95% confidence intervals (CI). Two-sided P values ,.05
were considered significant.

This study had 80% power to detect an OR of at least
2.3 for the TNF-I haplotype in the strict index women
group (n 5 122) compared with controls having a 95%
CI, based on known haplotype frequencies in the control
group. For all other study groups, OR limits were com-
parable.

Affected sib-pair analyses20 were performed using the
Mapmaker/Sibs program (Whitehead Institute for Bio-
medical Research in Cambridge, MA).21 All analyses
were nonparametric; that is, did not require any assump-
tion on the underlying genetic model. The null-hypoth-
esis of this analysis, assuming no linkage between the
disease and tested markers, is that 25% of siblings share
zero alleles, 50% share one allele, and 25% share two
alleles for each marker. Positive linkage between a
marker and disease, irrespective of the mode of inheri-
tance, will be reflected by a deviation from these propor-
tions with an excess of allele sharing. Results are given as
the distribution of sharing of 0, 1, or 2 parental alleles
identical by descent between siblings and as multipoint
lod scores. A lod score is the base 10 logarithm of the
ratio between the likelihood that observed excess allele
sharing is based on linkage between a marker and the
disease, and the likelihood that the excess sharing oc-
curred by chance. A lod score above 3.6 is considered
significant for linkage.22 The term “multipoint” means
that information of all nine markers was used simulta-

neously. In sib-pair analyses it is possible to exclude a
locus of a specific effect. In our analyses we computed lod
scores assuming a locus that contributes to a relative risk
for siblings (ls) of 2. A ls lod score lower than 22 is
considered significant evidence for exclusion of linkage.
Analyses were done on three levels. In the first “broad”
analysis, all women in the 150 pedigrees having disease
status according to either the strict or mild criteria were
marked as “affected.” In the second “intermediate” anal-
ysis, only women satisfying strict criteria were marked as
“affected”; the disease status of the mildly affected rela-
tives was marked as “unknown.” In the final “narrow”
analysis, only the most severely affected women (ie,
women with eclampsia, severe preeclampsia, or HELLP
syndrome) were marked as “affected” and all other
relatives were marked as “unknown.”

This study was approved by the Medical Ethical
Committee of the Vrije Universiteit Medical Center,
Amsterdam. Appropriate informed consent was ob-
tained from all participants.

RESULTS

To determine if any of the di-allelic TNF haplotypes
were associated with preeclampsia we initially compared
the di-allelic TNF haplotypes of 30 index women with
(pre-)eclampsia or HELLP-syndrome with those of
98 controls. A significant excess of women with one or
two copies of haplotype TNF-I (12 or 11 TNF-I) was

Figure 2. Schematic representation of the TNF and LTA genes arranged in tandem. Positions of the four di-allelic
(LTA-NcoI, LTA-AspHI, TNFA 2308, TNFA 2238) and five microsatellite (TNFa–d) polymorphisms are marked.
Haplotypes TNF-C, -E, -H, -I, and –P, and their composing alleles, are indicated. Figure modified from Bouma et al15 and
Udalova et al.16

Lachmeijer. TNF and LTA Polymorphisms and Preeclampsia. Obstet Gynecol 2001.
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seen in the 30 index women (OR 3.8; 95% CI 1.6, 8.9)
(Table 3).

To determine if their sisters meeting similar disease
criteria showed the same striking association, typing of
the di-allelic TNF haplotypes was repeated in these sis-
ters. The 30 sisters, however, did not show this associa-
tion with TNF-I. Association with TNF-I was highest in
the index women with preeclampsia only (n 5 18) (OR
4.9; 95% CI 1.6, 15) but not significant in their pre-
eclamptic sisters (n 5 22). In the index women with
HELLP syndrome (n 5 12), the association was weaker
and not significant (OR 2.6; 95% CI 0.78, 8.9), as was the
case in their sisters with HELLP syndrome (n 5 8)
(Table 3).

To further explore the association found in the index
women, we expanded the di-allelic TNF haplotype anal-

ysis to the four study groups from the 150 sib-pair
families (Table 2). We tested 122 index women meeting
the strict criteria (Table 4, strict index women group).
We found that the association with the TNF-I haplotype
was reduced, though still significant, compared with
controls (OR 1.9; 95% CI 1.1, 3.3). The association in
the group of 91 sisters meeting the strict criteria (Table 4,
strict sisters group) was again not significant. Analyses in
the preeclamptic subgroups of the strict index women
(n 5 75) and strict sisters group (n 5 65) again showed a
significant association with TNF-I in the index women
(OR 2.3; 95% CI 1.2, 4.2), but not in sisters (Table 4). No
haplotype associations were apparent in the HELLP
subgroups.

To assess the influence of disease severity on the
TNF-I association, the same haplotype analyses were

Table 3. Frequencies of TNF-C, -E, -H, -I, and -P Haplotypes in 30 Index Women, Their Sisters, and Controls

12 or 11 Frequency

Index women
compared

with controls

Sisters
compared

with controls

Haplotype frequency

Controls
n 5 98

Index
women
n 5 30

Sisters
n 5 30

Controls
N 5 196

Index
women
N 5 60

Sisters
N 5 60

TNF-LTA
Haplotype n % n % n % OR (95% CI) OR (95% CI) N % N % N %

TNF-C 25 26 7 23 6 20 0.89 (0.34, 2.3) 0.73 (0.26, 2.0) 27 14 7 12 6 10
TNF-E 33 34 6 20 11 37 0.49 (0.18, 1.3) 1.1 (0.48, 2.7) 37 19 7 12 13 22
TNF-H 10 10 4 13 6 20 1.4 (0.39, 4.7) 2.2 (0.73, 6.7) 10 5 4 7 6 10
TNF-I 34 35 20 67 10 33 3.8 (1.6, 8.9)* 0.94 (0.40, 2.2)† 40 20 23 38 13 22
TNF-P 65 66 16 53 17 57 0.58 (0.25, 1.3) 0.66 (0.29, 1.5) 82 42 19 31 22 36

CI 5 confidence interval; HELLP 5 hemolysis, elevated liver enzymes, low platelets; OR 5 odds ratio; TNF 5 tumor necrosis factor.
Haplotype frequencies are presented as frequencies of persons (n) with one or two copies of a particular haplotype (12 or 11) and as singular

haplotypes (N).
Data are given as OR (95% CI).
* OR for the 12 or 11 TNF-I index women in preeclamptic subgroup (n 5 18) is 4.9 (1.6, 15), OR in HELLP subgroup (n 5 12) is 2.6 (0.78,

8.9).
† OR for the 12 or 11 TNF-I sisters in preeclamptic subgroup (n 5 22) is 1.4 (0.53, 3.5), OR in HELLP subgroup (n 5 8) is 0.63 (0.12, 3.3).

Table 4. Frequencies of TNF-C, -E, -H, -I, and -P Haplotypes in the Strict Index Women Group, Strict Sisters Group, and
Controls

12 or 11 Frequency Strict index
women

compared
with controls

Strict sisters
compared

with controls

Haplotype frequency

Controls
n 5 98

Index
women

n 5 122
Sisters
n 5 91

Controls
N 5 196

Index
women

N 5 244
Sisters

N 5 182
TNF-LTA
Haplotype n % n % n % OR (95% CI) OR (95% CI) N % N % N %

TNF-C 25 26 30 25 18 20 0.95 (0.52, 1.8) 0.72 (0.36, 1.4) 27 14 33 14 19 10
TNF-E 33 34 42 34 38 42 1.03 (0.59, 1.8) 1.4 (0.78, 2.6) 37 19 49 20 43 24
TNF-H 10 10 10 8 13 15 0.79 (0.31, 2.0) 1.5 (0.61, 3.5) 10 5 10 4 13 7
TNF-I 34 35 61 50 33 36 1.9 (1.1, 3.3)* 1.1 (0.58, 1.9)† 40 20 69 28 39 21
TNF-P 65 66 68 56 51 56 0.64 (0.37, 1.1) 0.65 (0.36, 1.2) 82 42 83 34 68 38

CI 5 confidence interval; HELLP 5 hemolysis, elevated liver enzymes, low platelets; OR 5 odds ratio; TNF 5 tumor necrosis factor.
Haplotype frequencies are presented as frequencies of persons (n) with one or two copies of a particular haplotype (12 or 11) and as singular

haplotypes (N).
Data are given as OR (95% CI).
* OR for the 12 or 11 TNF-I index women in the preeclamptic subgroup (n 5 75) is 2.3 (1.2, 4.2), OR in the HELLP subgroup (n 5 47) is 1.4

(0.68, 2.8).
† OR for 12 or 11 TNF-I sisters in the preeclamptic subgroup (n 5 65) is 1.4 (0.72, 2.6), OR in the HELLP subgroup (n 5 27) is 0.54 (0.20,

1.5).
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performed in 101 unrelated women with preeclampsia
only (unrelated preeclamptic group) and 63 unrelated
women with HELLP syndrome only (unrelated HELLP
group) (Table 2). Again we found a significant associa-
tion with TNF-I haplotype in the unrelated preeclamptic
group (OR 2.1; 95% CI 1.2, 3.7), but not in the unrelated
HELLP group.

None of the other di-allelic haplotypes (TNF-C, -E, -H,
and -P) or microsatellite haplotypes were significantly
associated with either preeclampsia or HELLP syndrome.
Similarly, no associations were found with any of the indi-
vidual alleles of the di-allelic markers (data not shown).

To rule out any phenotypic bias between index
women and sisters, phenotype characteristics of the sib-
lings from all 150 families were compared. These were
very similar (Table 1). Comparisons of these character-
istics in subgroups of women with and without the

TNF-I haplotype in the index women and sisters group
failed to show differences.

The nonparametric affected sib-pair analyses showed
no excess allele sharing for any of the markers (Table 5).
A plot is made from the “broad” analysis (Figure 3).
Included in the plot are also the lod scores assuming a
relative risk for siblings (ls) for preeclampsia of 2 for any
locus in this area. The latter lod scores were around 22
on all marker positions, excluding linkage in this area.

DISCUSSION

Our pilot study of 30 index women with preeclampsia,
eclampsia, or HELLP syndrome showed a potentially
interesting association with the TNF-I haplotype. How-
ever, if TNF-I represents a relevant risk haplotype for
familial preeclampsia, affected sisters—assessed accord-

Figure 3. Plot of the maximum multipoint lod scores using all nine polymorphic markers in the TNF and LTA region. Sibs
affected according to strict and mild criteria are marked as “affected” (broad analysis). No assumptions are made about
the mode of inheritance. Filled triangles indicate schematically the positions of the major histocompatibility complex
(MHC) class III markers in the TNF-LTA region on chromosome 6. *Lod scores were computed assuming a locus that
contributes to a relative risk (rr) for siblings of 2.
Lachmeijer. TNF and LTA Polymorphisms and Preeclampsia. Obstet Gynecol 2001.

Table 5. Allele Sharing Distribution and Lod Scores of the Affected Siblings in 150 Sib-Pair Families

Markers*
(n) Analysis†

Families‡

(n)

Number of alleles
shared Maximum

lod score
Information content§

(range, median)0 1 2

9 Broad 142 24 50 26 0,51 0.83–0.90, 0.86
9 Intermediate 74 25 50 25 0,18 0.83–0.87, 0.86
9 Narrow 24 23 50 27 0,69 0.81–0.86, 0.85

TNF 5 tumor necrosis factor.
* Markers: TNFb, TNFa, LTA-NcoI, LTA-AspHI, TNFc, TNF 2238, TNF 2308, TNFe, TNFd.
† Broad: women with strict and mild criteria marked as “affected”; intermediate: women with strict criteria “affected,” mild relatives “unknown”;

narrow: only severely ill women with eclampsia or severe preeclampsia or HELLP syndrome “affected,” other relatives “unknown.”
‡ Number of informative families used in the three analyses.
§ Information content for the nine markers used.
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ing to the same disease criteria—will share this associa-
tion. As shown in Tables 3 and 4, the only comparable
finding between index women and sisters was the
stronger association with haplotype TNF-I within the
preeclamptic subgroups than in the HELLP subgroups.
This association was only significant in the index women
group. The impact of this stronger association remains
limited because comparing women with or without hap-
lotype TNF-I revealed no differences in disease severity.

Our control group consisted of healthy males and
females representing Dutch population haplotype fre-
quencies. Because the loci studied here are autosomal,
sex has no influence on haplotype frequencies. Consid-
ering that the incidence of preeclampsia in pregnant
women is around 5%, the maximum contribution of
potential preeclampsia-associated haplotypes to the con-
trol group is 5%. The chance of masking a possible gene
effect using this control group is therefore negligible.

Comparing our results with the study of Chen and
colleagues,12 which described a significant association of
the TNF-T1 allele of the TNF 2308 polymorphism with
preeclampsia, we found that all but haplotype TNF-E
contained this TNF-T1 allele. All haplotype combina-
tions except those with TNF-E involved would thus
contain Chen’s T1-T1 genotype. As shown in this study,
no consistent associations were seen. Moreover, the
genotype frequencies found by Chen and coworkers in
their preeclamptic group (T1-T1: 64%, T1-T2: 29%, and
T2-T2: 7.1%) were strikingly similar to the genotype
frequencies in our healthy control group (T1-T1: 66%,
T1-T2: 30%, and T2-T2: 4%). Louis et al23 studied the
TNF 2308 gene polymorphism in a group of northern
European inflammatory bowel disease patients and con-
trols. The T1 and T2 allele frequencies in the healthy
control group in that study are very similar to our
control group, as were those in the study by Dizon-
Townson et al.13 It is possible that the observed frequen-
cies in the Chen and coworkers’ control group were
caused by the relatively low numbers of patients and
controls (14 women with preeclampsia, 12 with normal
pregnancies, and 15 nonpregnant women). There could
also be an ethnic bias; it is not clear from the Chen et al
study what the ethnic background of the studied groups
was.

In the current study, the absence of a consistent asso-
ciation between preeclampsia and the TNF-I haplotype
in affected index women and their sisters suggests that
involvement of variations at the TNF-LTA loci in familial
preeclampsia is unlikely. This is further underscored by
the outcome of the nonparametric multipoint allele-shar-
ing analyses. We conclude that there is no linkage or
association of any allele of the TNF 2308 polymorphism
with preeclampsia, nor of any allele of the other eight

polymorphisms studied in the TNF-LTA region, which is
in agreement with Dizon-Townson and coworkers.13

Kilpatrick recently published a comprehensive review
about influences of human leukocyte antigen (HLA) and
TNF genes on the development of preeclampsia and the
conflicting results in this field so far.24 He concluded that
the influence of HLA, related to TNF production, is
presumably only a secondary component of genetic sus-
ceptibility to preeclampsia. Other factors seem to be
involved. These factors could be maternal and fetal in
origin. It is likely that combinations of multiple maternal
susceptibility genes could generate the same preeclamp-
sia phenotype. Maternal immune maladaptation to-
wards the presence of paternal antigens,6 shedding into
the maternal circulation of syncytiotrophoblast microvil-
li25 or other fetal factors derived from the placenta, in
combination with the maternal milieu, could confound
discovery of major maternal susceptibility genes for pre-
eclampsia.
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RI, Jónson T, Stéfansson H, et al. A genome-wide scan
reveals a maternal susceptibility locus for pre-eclampsia on
chromosome 2p13. Hum Mol Genet 1999;8:1799–805.

5. Roberts JM, Taylor RN, Musci TJ, Rodgers GM, Hubel
CA, McLaughlin MK. Preeclampsia: An endothelial cell
disorder. Am J Obstet Gynecol 1989;161:1200–4.

6. Dekker GA, Sibai BM. Etiology and pathogenesis of pre-
eclampsia: Current concepts. Am J Obstet Gynecol 1998;
179:1359–75.

7. Chappell LC, Seed PT, Briley AL, Kelly FJ, Lee R, Hunt
BJ, et al. Effect of antioxidants on the occurrence of pre-
eclampsia in women at increased risk: a randomised trial.
Lancet 1999;354:810–6.

8. Kupferminc MJ, Peaceman AM, Wigton TR, Rehnberg
KA, Socol ML. Tumor necrosis factor-alpha is elevated in
plasma and amniotic fluid of patients with severe pre-
eclampsia. Am J Obstet Gynecol 1994;170:1752–7.

9. Williams MA, Farrand A, Mittendorf R, Sorensen TK,
Zingheim RW, O’Reilly GC, et al. Maternal second tri-
mester serum tumor necrosis factor-alpha-soluble receptor
p55 (sTNFp55) and subsequent risk of preeclampsia. Am J
Epidemiol 1999;149:323–9.

10. Faas MM, Schuiling GA, Baller JF, Visscher CA, Bakker

618 Lachmeijer et al TNF and LTA Polymorphisms and Preeclampsia OBSTETRICS & GYNECOLOGY



WW. A new animal model for human preeclampsia:
Ultra-low-dose endotoxin infusion in pregnant rats. Am J
Obstet Gynecol 1994;171:158–64.

11. Redman CW, Sacks GP, Sargent IL. Preeclampsia: An
excessive maternal inflammatory response to pregnancy.
Am J Obstet Gynecol 1999;180:499–506.

12. Chen G, Wilson R, Wang SH, Zheng HZ, Walker JJ,
McKillop JH. Tumour necrosis factor-alpha (TNF-alpha)
gene polymorphism and expression in pre-eclampsia. Clin
Exp Immunol 1996;104:154–9.

13. Dizon-Townson DS, Major H, Ward K. A promoter muta-
tion in the tumor necrosis factor alpha gene is not associ-
ated with preeclampsia. J Reprod Immunol 1998;38:
55–61.

14. Bouma G, Crusius JB, Garcia-Gonzalez MA, Meijer BU,
Hellemans HP, Hakvoort RJ, et al. Genetic markers in
clinically well defined patients with ulcerative colitis (UC).
Clin Exp Immunol 1999;115:294–300.

15. Bouma G, Xia B, Crusius JBA, Bioque G, Koutroubakis I,
Blomberg BME, et al. Distribution of four polymorphisms
in the tumour necrosis factor (TNF) genes in patients with
inflammatory bowel disease (IBD). Clin Exp Immunol
1996;103:391–6.

16. Udalova IA, Nedospasov SA, Webb GC, Chaplin DD,
Turetskaya RL. Highly informative typing of the human
TNF locus using six adjacent polymorphic markers.
Genomics 1993;16:180–6.

17. D’Alfonso S, Richiardi PM. A polymorphic variation in a
putative regulation box of the TNFA promoter region.
Immunogenetics 1994;39:150–4.

18. Messer G, Spengler U, Jung MC, Honold G, Blomer K,
Pape GR, et al. Polymorphic structure of the tumor necro-
sis factor (TNF) locus: An NcoI polymorphism in the first
intron of the human TNF-beta gene correlates with a

variant amino acid in position 26 and a reduced level of
TNF-beta production. J Exp Med 1991;173:209–19.

19. Ferencik S, Lindemann M, Horsthemke B, Grosse-Wilde
H. A new restriction fragment length polymorphism of the
human TNF-B gene detected by AspHI digest. Eur
J Immunogenet 1992;19:425–30.

20. Ott J. Nonparametric methods. In: Ott J, ed. Analysis of
human genetic linkage, 3rd ed. Baltimore: The Johns
Hopkins University Press, 1999:272–96.

21. Kruglyak L, Lander ES. Complete multipoint sib-pair
analysis of qualitative and quantitative traits. Am J Hum
Genet 1995;57:439–54.

22. Lander E, Kruglyak L. Genetic dissection of complex
traits: Guidelines for interpreting and reporting linkage
results. Nat Genet 1995;11:241–7.

23. Louis E, Satsangi J, Roussomoustakaki M, Parkes M,
Fanning G, Welsh K, et al. Cytokine gene polymorphisms
in inflammatory bowel disease. Gut 1996;39:705–10.

24. Kilpatrick DC. Influence of human leukocyte antigen and
tumour necrosis factor genes on the development of pre-
eclampsia. Hum Reprod Update 1999;5:94–102.

25. Knight M, Redman CW, Linton EA, Sargent IL. Shedding
of syncytiotrophoblast microvilli into the maternal circula-
tion in pre-eclamptic pregnancies. Br J Obstet Gynaecol
1998;105:632–40.

Address reprint requests to: Augusta M.A. Lachmeijer, MD,
Department of Clinical Genetics and Human Genetics, Vrije
Universiteit Medical Center, Medical Faculty, Van der Bo-
echorststraat 7, 1081 BT Amsterdam, The Netherlands; E-
mail: ama.lachmeijer.humgen@med.vu.nl.

Received December 7, 2000. Received in revised form June 1, 2001.
Accepted June 7, 2001.

619VOL. 98, NO. 4, OCTOBER 2001 Lachmeijer et al TNF and LTA Polymorphisms and Preeclampsia


