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Premature birth causes significant health risks of the neonate
and increases the cost for neonatal care. Urogenital infection,
often caused by Gram-negative bacteria, is a known risk factor.
Toll-like receptor-4 (TLR4) is the major endotoxin-signaling
receptor and as such is crucial for the initiation of the innate
immune response against Gram-negative bacteria. Recently, a
variant in the human TLR4 gene was shown to be associated with
impaired receptor function and an increased likelihood of Gram-
negative sepsis. In the present study, we determined whether the
same polymorphism in TLR4 gene is associated with an in-
creased risk for premature birth. We analyzed genotypes for a
Finnish study population consisting of a total of 351 term infants
and 440 premature infants (gestational age �35 wk; 282 single-
tons, 158 multiples) and 94 mothers for the presence of the TLR4
polymorphisms Asp299Gly and Thr399Ile. These polymor-
phisms were in linkage disequilibrium. The 299Gly allele fre-
quencies were 10.6% (93 of 880) in premature infants and 8.3%
(58 of 72) in term infants. Excluding multiple pregnancies that

often result in premature births, 23.8% (67 of 282) of premature
infants and 24.2% (15 of 62) of the mothers of premature infants
compared with 15.9% (55 of 345) of term infants and 15.0% (3
of 20) of the mothers delivering at term were carriers of the
TLR4 variant. The frequencies of 299Gly allele and Asp/Gly or
Gly/Gly genotype carrier status in premature singleton infants
were higher than in term singleton infants (p � 0.024, p � 0.028,
respectively) or in premature multiples (p � 0.036, p � 0.044,
respectively). According to the present results an allelic variation
in the TLR4 receptor was associated with increased risk of
premature birth. (Pediatr Res 52: 373–376, 2002)

Abbreviations
TLR4, Toll-like receptor-4
TLR2, Toll-like receptor-2
LPS, lipopolysaccharide (endotoxin)
PPROM, preterm premature rupture of fetal membranes
RDS, respiratory distress syndrome

Premature birth is a common health problem, responsible for
the majority of deaths and nearly half of the congenital neu-
rologic disabilities in the newborn. Ascending infection or
chorioamnionitis occur in up to 80% of all very early prema-
ture births (1). The infections often originate from the urinary
or intestinal tract. The inflammatory response of placental
tissues to microbes is considered to play a prominent role in the
pathogenesis of premature labor and birth (1, 2).

LPS, the main component of the cell wall of Gram-negative
bacteria, has been shown to elicit an inflammatory response in
vivo and in vitro involving macrophages and monocytes (3, 4).
Inflammation is characterized by increased secretion of cyto-
kines such as tumor necrosis factor-�, IL-1, IL-6, and IL-8 (5,
6). The molecular events leading to cell recognition and re-
sponse to LPS are becoming more clearly defined. Recently,
the Toll family of proteins has been identified and consists of
10 type 1 transmembrane receptor proteins (7). The Toll
proteins share a highly homologous cytoplasmic domain, sim-
ilar to the IL-1 receptor, a very short transmembrane domain,
and an extracellular portion consisting of leucine-rich repeats
(8). TLR4 has been shown to be a major LPS-recognition
receptor (9, 10). In vivo, mouse strains C3H/HeJ, which has a
Pro to His substitution at amino acid 712 of TLR4, and
C57BL/10ScCR, which has a deletion of the TLR4 gene and
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does not express TLR4 RNA, are both hyporesponsive to LPS
(11). In addition, macrophages and B cells from TLR4�/�
mice are unable to mount a cellular response to LPS (12, 13).
In vitro data from transfection of mammalian cell lines further
proved that TLR4 is able to enhance the LPS responsiveness of
cells, a process augmented by CD14 and leading to activation
of transcription factors nuclear factor �B (NF�B) and activator
protein 1 (AP-1) (14). These findings indicate that TLR4 is a
recognition molecule for Gram-negative pathogens and specif-
ically LPS.

We recently demonstrated that specific polymorphisms of
TLR4 (Asp299Gly and Thr399Ile) are associated with airway
hyporesponsiveness to inhaled LPS in normal human volun-
teers (15). Mice that contain mutations in TLR4 are hypore-
sponsive to LPS and are more susceptible to Gram-negative
bacterial challenge (11). We have recently shown in humans
that carriers of TLR4 receptor mutations have an increased risk
of septic shock (Lorenz E, et al., unpublished data). Gram-
negative bacteria are a major cause of ascending urogenital
infections, and such infections constitute a known risk factor
for premature birth (1, 2).

We hypothesized that the variation in the TLR4 receptor
gene may be associated with decreased or abnormal immune
response and predisposition to premature birth. The present
aim was to investigate a patient cohort of term and preterm
infants from a homogeneous Caucasian population in Finland
for polymorphisms in the TLR4 receptor.

METHODS

Protocol and study population. The present study popula-
tion was recruited from patients admitted to the Oulu Univer-
sity Hospital, Oulu; the Central Hospital of Southern Ostro-
bothnia, Seinäjoki; and the University Central Hospital,
Tampere, Finland. The ethics committees of the hospitals
approved the study protocol. The mothers of the neonates gave
written consent for their infants’ or their own blood samples to
be used in this study. Samples were collected from 440 pre-
mature infants born in 1996–1999 and from 351 healthy
infants born at term during March and April in 1998 (Table 1).
In addition, we examined the relationship between the geno-
type of TLR4 and prematurity by collecting blood from 94
mothers of whom 74 delivered prematurely (62 delivered
premature singleton infants and 12 premature multiparous).
The mothers whose genotypes were analyzed for TLR4 poly-

morphism did not carry any of the infants who were the
subjects of the present study.

The following diseases or conditions, associated with pre-
mature birth, were prospectively included in the analysis:
multiple pregnancy (regardless of other pregnancy complica-
tion), preeclampsia, PPROM, spontaneous premature birth
with or without diagnosis of chorioamnionitis, and placental
abruption. Data on sex, gestational age at birth, and neonatal
clinical histories were obtained. Of the latter, the association
between the incidence of RDS and the TLR4 allele frequencies
was studied (16).

Genotyping. Genotyping was performed using allele-
specific PCR assays for TLR4 Asp299Gly and TLR4
Thr399Ile polymorphism (17). The PE Taq DNA polymerase
kit (Applied Biosystems, Foster City, CA, U.S.A.) was used for
PCR reactions. In a total reaction volume of 25 �L, 2.5 �L of
10� PCR buffer, 20 pmol of each primer (see below), 0.02 �g
of genomic DNA, 5 U of Taq DNA polymerase, and 1 �L
dNTP mix (CLONTECH, Palo Alto, CA, U.S.A.; stock con-
centration 10 mM) were combined. Primers for TLR4
Asp299Gly were forward (F5'GATTAGCATACTTAG-
ACTACTACCTCCATG) and reverse (R5'GATCAACTT-
CTGAAAAAGCATTCCCAC). Primers for TLR4 Thr399Ile
were forward (F5'GGTTGCTGTTCTCAAAGTGATT-
TTGGGAGAA) and reverse (R5'CCTGAAGACTGGA-
GAGTGAGTTAAATGCT). The underlined bases in both for-
ward primers indicate the nucleotide altered to create an NcoI
(TLR4 Asp299Gly) and an HinfI (TLR4 Thr399Ile) restriction
site, respectively. PCR reactions were run at 95°C for 4 min
followed by 30 cycles with a 95°C 30 s, 55°C 30 s, 72°C 30 s
profile. A 5-�L aliquot of the product was digested with the
appropriate restriction enzyme and electrophoresed in a 3%
NuSieve (FMC Bioproducts, Rockland, ME, U.S.A.) gel to
identify the TLR4 alleles on the basis of the respective allele
size. After digestion the wild-type TLR4 allele sizes of 249 bp
for the 299 residue and 406 bp for the 399 residue will not
change; fragment sizes for carriers of the polymorphic allele
will decrease to 23 bp for the 299 residue and 377 bp for the
399 residue.

Statistical analysis. The analysis included only infants with
complete data for the following variables: TLR4 genotype,
RDS status, gestational age, etiology of premature birth, and
sex. Data analysis was performed using the SPSS 9.0 data
analysis package (SPSS Inc, Chicago, IL, U.S.A.) for Win-
dows. �2 analysis or, when appropriate, Fisher’s exact test
(two-sided analysis) was used as indicated. The results were
corrected for multiple comparison. A p value of �0.05 was
considered as statistically significant. Associations between
TLR4 genotype and the different variables were tested for the
total infant population and the singleton infants. The observed
genotype frequencies were compared with the expected Hardy-
Weinberg distributions by the �2 analyses.

RESULTS

Selected population characteristics of the infants are shown
in Table 1. There was a strong linkage disequilibrium between
the two single nucleotide polymorphisms of TLR4. 299Gly

Table 1. Characteristics of the infants

Characteristic
Premature infants*

(n � 440)
Term infants

(n � 351)

Birth weight (g)† 1909 � 656 3501 � 327
Gestational age (wk)† 33.0 � 3.5 39.5 � 0.9
Median (range) gestational age 32.1 (23.9–35.9) 39.7 (37.0–43.5)
Gestation �32.0 wk at birth, n (%) 188 (42.7%) 0 (0.0%)
Male sex 235 (53.4%) 179 (51.0%)
Multiple births§ 158 (35.9%) 6 (1.7%)

* Infants born at gestation age of 35 wk or earlier were prospectively
analyzed.

† Mean � SD.
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associated with 399Ile in 98.6% of cases. The Asp299Gly
polymorphism was chosen for further analysis. The observed
genotype distributions did not deviate from the Hardy-
Weinberg equilibrium in any of the study populations.

Frequencies of TLR4 gene variant in fetuses born prema-
turely and those born at term. The 299Gly allele frequencies
in the infants are shown in Table 2. The allele frequencies in
premature infants tended to be higher than in the term infants
but not significantly so (p � 0.105). This difference was
significant as compared between premature and term singleton
infants (p � 0.024). The presenting premature multiples had a
lower 299Gly allele frequency than premature singletons (p �
0.036).

Table 3 shows the numbers of prenatal complications and
the numbers of the variant allele carrier status among the
premature infants. Among premature infants, those with spon-
taneous premature birth or PPROM and those born prematurely
because of severe preeclampsia had apparently similar TLR4
variant frequencies, although owing to low number of cases
small differences cannot be detected. Sex, degree of prematu-
rity (�32 w and �32 w), or diagnosis of RDS had no detect-
able influence on the frequency of the variant allele (data not
shown). In multiple gestations the presenting twins tended to
have a lower frequency of 299Gly carrier status than the rest of
the premature infants. Table 4 shows the Asp299Gly genotype
carrier frequencies in premature and term infants. Similar to
allele frequencies, the frequencies of the Asp/Gly or Gly/Gly
genotypes were higher in the premature singleton infants than
in term singleton infants (p � 0.028) or in premature twin
infants (p � 0.044). This finding further suggests that genetic
variation of the TLR4 receptor gene is associated with an
increased risk for premature singleton births.

Frequencies of TLR4 gene variant in mothers. Twenty
mothers had term singleton delivery, 62 had premature single-
ton delivery, and 12 had premature multiple delivery. The
299Gly allele frequencies in these three groups were 7.5%,
13.7%, and 4.2%, and allele carrier frequencies were 15.0%,
24.2%, and 8.4%, respectively. These mothers tended to have
similar allele frequencies to the infants in the corresponding
birth categories. However, there were no significant differences
in the TLR4 allele frequencies among the different groups of
mothers. The sample size was too small to define the maternal
TLR4 variant as a factor increasing the risk of premature birth.

DISCUSSION

We have shown here that a previously described polymor-
phism in the TLR4 receptor gene (TLR4 Asp299Gly and
Thr399Ile), related to a blunted airway response to inhaled

endotoxin (15), was associated with an increased risk for
premature birth in infants. In a population consisting of both
preterm and term infants, we show that preterm singleton
infants had a significantly higher carrier rate for the TLR4
variant compared with term singleton infants. However, in
multiple pregnancies that have a higher prematurity rate than
the singleton pregnancies (40–60% versus 5–10%), the TLR4
variant proportion had no apparent association with prematu-
rity. Inasmuch as the number of multiple term pregnancies
carrying the TLR4 polymorphisms was very small (n � 6), a
larger study involving multiple pregnancies is necessary to
clarify whether the TLR4 polymorphism plays a role in causing
premature delivery.

The TLR4 receptor is the major transmembrane signaling
receptor for LPS. Variant alleles of the TLR4 receptor affecting
the immune response to LPS could lead to an increased sus-
ceptibility to ascending intrauterine infections. Because stan-
dard neonatal care involves the widespread use of antibiotics as
part of the preventive treatment, we could not confirm whether
the premature infants or the mothers carrying the variant allele
in the TLR4 receptor had increased incidence of Gram-
negative bacterial infections. Likewise it is not clear whether
the increased incidence of premature births in infants express-
ing genetic variant in the TLR4 receptor was related to the
Gram-negative infections or to some labor-producing pattern
of the immune response. TLR4 or another TLR receptor may
respond to Ureaplasma urealyticum, Gardnerella vaginalis, or
anaerobic species often isolated from the amniotic fluid in
pregnancies leading to premature birth (2). Mycoplasma, which
is related to U. urealyticum, is known to signal through the
TLR2 receptor (18), but evidence from spirochetes shows that
even closely related bacterial species can signal through dif-
ferent Toll-like receptors (19). The variant TLR4 receptor
genotype would decrease the acute innate immune response to
these pathogens, increasing the susceptibility to microbial in-
vasion. Fetuses carrying certain variants of TLR4, TLR2 (re-
sponds predominantly to Gram-positive bacteria), or other
genes that influence acute immune response could have a
higher risk for premature birth. Prematurity in this case could
be related to an altered host defense reaction that precipitates
premature labor process, unrelated to the lack of an immune
response to specific microbes. Interestingly, in the present
population we found a trend toward higher frequency of TLR2
receptor mutations (TLR2 Arg753Gln) in preterm infants com-
pared with term infants (unpublished data). The association
was not significant. The TLR2 polymorphism is less frequent

Table 2. Frequencies of TLR4 299Gly allele among the genes of
preterm and term infant populations*

Preterm population Term population

All infants 93/880 (10.6%) 58/702 (8.3%)
Singletons 70/564 (12.4%) 56/690 (8.1%)
Multiples 23/316 (7.3%) 2/12 (16.7%)

* The total number of alleles is twice as much as the number of infants since
each individual has two TLR4 alleles.

Table 3. Number and frequencies of infants according to etiology
of prematurity and the TLR4 299Gly allele carrier status

Etiology of prematurity
Premature infants

n (% of all)
TLR4 299Gly carriers

n (% of all)

All 440 (100%) 90 (100%)
Spontaneous vaginal 105 (23.7%) 26 (28.8%)
Premature rupture of membranes 102 (23.1%) 25 (27.8%)
Placental abruption 13 (3%) 2 (2.2%)
Preeclampsia 62 (13.8) 14 (14.6%)
Multiple birth 158 (35.7%) 23 (25.6%)
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compared with the TLR4 polymorphism in Caucasian popula-
tion (allele frequencies 2–4% versus 5–11%, respectively).

Spontaneous premature birth and prematurity caused by
PPROM have been associated with ascending intrauterine in-
fection (1). In the present study, the premature infants as a
result of spontaneous birth or PPROM had a higher TLR4
variant allele frequency than the term infants (p � 0.021) or the
infants born premature as a result of other causes (p � 0.045).
Multiple factors may precipitate premature birth process. Pre-
eclampsia is characterized by vascular disease and placental
insufficiency. In early-onset preeclampsia the frequency of
elective premature delivery is increased. Placental villitis and
vasculitis are common findings in preeclampsia (20). Although
in premature birth caused by preeclampsia the TLR4 variant
frequency tended to be high, the frequency was not signifi-
cantly different from that in term infants or in other groups of
premature infants. Multiple pregnancy increases the prematu-
rity rate by one order of magnitude. Excessive uterine stretch is
a proposed mechanism. The TLR4 variant allele frequency was
not increased in multiples born premature, suggesting that
there may be differences between singleton and multiple preg-
nancies in the mechanisms controlling the labor process.

The mothers who delivered premature singleton infants
tended to have a high carrier rate of the variant TLR4 allele.
Because of the small sample size, we were unable to determine
whether the presence of the TLR4 variant in pregnant mothers
is a risk factor for premature birth. It is possible that the genetic
TLR4 variant in mother, fetus, or both influence the suscepti-
bility to premature birth. The function of fetal hypothalamic-
pituitary-adrenal axis may influence the length of pregnancy
(21). The role of fetal amnion cells in production of inflam-
matory mediators in premature labor has been proposed (2).
Studies of large populations of pregnant women and their
offspring are necessary to better understand the importance of
fetal and maternal TLR4 variant as a risk factor of premature
birth. Additional studies involving the polymorphism of such
genes as CD14, LPS binding protein, and MD-2 may further
substantiate the importance of host innate immunity genes as
risk factors for pregnancy complications leading to premature
birth.
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Table 4. TLR4 Asp299Gly genotype carrier fequencies in premature and term infants and in singleton and multiple births*

TLR4 Asp299Gly
genotype

Premature infants
rate (%)

Term infants
rate (%)

All infants Asp/Asp (350/440 (79.5%) 295/351 (84.0%)
Asp/Gly 87/440 (20.0%) 54/351 (15.4%)
Gly/Gly 3/440 (0.5%) 2/351 (0.6%)

Singleton infants Asp/Asp 215/282 (76.2%) 290/345 (84.1%)
Asp/Gly 64/282 (22.6%) 54/345 (15.7%)
Gly/Gly 3/282 (1.1%) 1/345 (0.3%)

Multiples Asp/Asp 135/158 (85.4%) 5/6 (83.3%)
Asp/Gly 23/158 (14.6%) 0/6 (0.0%)
Gly/Gly 0/158 (0.0%) 1/6 (16.7%)

* The distribution of genotype frequencies is as expected on the basis of the Hardy-Weinberg distribution.
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