ORIGINAL ARTICLE

Association Between Maternal and Fetal TLR4 (896A>G,
1196C>T) Gene Polymorphisms and the Risk of Pre-term Birth in

the Polish Population

Adam Bitner', Wojciech Sobala?, Jarostaw Kalinka'

"Department of Perinatology, First Chair of Gynecology and Obstetrics, Medical University of Lodz, Poland;
“Department of Environmental Epidemiology, Nofer Institute of Occupational Medicine, Lodz, Poland

Keywords
Polymorphism, pre-term delivery, TLR4
1196C>T, TLR4 896A>G, Toll-like receptor 4

Correspondence

Adam Bitner, MD, PhD, Department of
Perinatology, First Chair of Gynecology and
Obstetrics, Medical University of Lodz, 37
Wilenska St, 94-029 Lodz, Poland.

E-mail: adambit@wp.pl

Submission August 27, 2012;
accepted December 5, 2012.

Citation
Bitner A, Sobala W, Kalinka J. Association
between maternal and fetal TLR4 (896A>G,

1196C>T) gene polymorphisms and the risk of

pre-term birth in the polish population. Am J
Reprod Immunol 2013; 69: 272-280

doi:10.1111/aji.12068

Introduction

Problem

Bacteria activates Toll-like receptor 4 on immune system cells leading to
preterm birth (PTB). The aim of study was to evaluate the impact of
maternal and fetal carriage of TLR4 gene polymorphisms on the risk of
PTB.

Method of Study

Frequency of TLR4 (896A>G, 1196C>T) variants was determined in 121
women who delivered preterm, 152 women who delivered at term, 49
term newborns and 35 preterm newborns with the use of PCR-RFLP.

Results

We found no associations between frequency of TLR4 polymorphic
alleles in mothers and fetuses and the risk of delivery before 37th week
of pregnancy. However significantly lower frequency of TLR4 1196T
allele was observed in subgroup of mothers who delivered before 33rd
week comparing with those who delivered later (4,4% versus 14,2%,
OR = 0,28 (95%CI: 0,04-0,99).

Conclusions
Maternal carriage of TLR4 1196T allele may be associated with reduced
risk of PTB before 33rd week of gestation in Polish population.

mechanism in which intra-uterine infection leads to
pre-term delivery has been widely investigated. It

Pre-term birth (PTB) is a worldwide heath problem
responsible for the majority of newborns mortality
and morbidity." In 2005, about 13 million births
were pre-term, which presented more than 9.5% of
all births worldwide.” Intra-uterine infection is
believed to be a significant cause of prematurity that
may account for 25-40% of pre-term births.? Bacte-
rial and viral infections gain access to the placenta
and the uterus through one of three major routes by
ascending from the lower reproductive tracts
through maternal circulation and by descending into
the uterus from peritoneal cavity. Recently, the
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has been suggested that Toll-like receptors (TLRs)
expressed in various gestational-associated tissues
play a role in the onset and/or maintenance of labor
in response to microbial stimuli.* The TLR family is
the class of mammalian pattern recognition receptors
(PRRs) which detect a limited set of conserved
molecular patterns (PAMPs — pathogen-associated
molecular patterns) that are unique to the microbial
world. Recognition of PAMPs signals to the host, the
presence of infection.’ To date, 11 mammalian TLRs
have been identified (TLR1 - TLR11), however,
TLR11 has not been demonstrated as functional in
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humans.*® TLR3, TLR7, TLRS, and TLRY are local-
ized in cytoplasm and recognize intracellular signals,
especially those of viral orgin.” On the contrary,
TLR1, TLR2, TLR4, TLR5, and TLR6 are localized in
the cellular membrane and recognize external sig-
nals that are present on the outer surface of bacteria,
fungi, and parasites.” Collectively, the family of TLR
recognize a wide range of PAMPs associated with
micro-organisms. Activation of TLR results in an
inflammatory immune response which is character-
ized by the production of cytokines, interferons,
chemokines, and other antimicrobial factors.®

In our present study, we focused on toll-like
receptor 4 (TLR4) which is the first toll-like receptor
identified in humans and the one most widely
examined.” TLR4 is a transmembrane protein with
extracellular domains containing leucine-rich motifs
which play a role in the recognition of PAMPs. A
receptor also consists of short transmembrane
domain and a cytoplasmic portion known as Toll/IL-
1 receptor (TIR) domain, as it shares about 200
amino acids with IL-1 receptor.” Ligand for TLR4 has
been identified as lipopolysaccharide (LPS), which is
a component of the cell wall of Gram-negative bac-
teria.'® After ligand recognition, TIR domain of TLR4
recruit the intracellular signaling adapter protein —
MyD88 (Myeloid differentiation factor 88), and a
subsequent kinase cascade triggers activation of a
key transcription factor, NF-kp (nuclear factor-«f).""
Activated NF-kf can enter the cellular nucleus and
bind to the promoter region within DNA encoding
for various inflammatory proteins, promoting DNA
transcription and production of key inflammatory
cytokines among them IL-1f, IL-6, IL-8, and TNF-o.’
These cytokines enhance the production of matrix
metalloproteinase (MMP) in uterine cervix and fetal
membranes and increase the production of prosta-
glandin PGE, by the myometrium leading to cervical
ripening, membrane rupture, and myometrial con-
tractility and finally to pre-term delivery.'*'*

TLR4s are present in many gestational-associated
tissues. Their expression has been found in decidua
(in decidual cells and in infiltrating macrophages
and neutrophils), placenta (in syncytiotrophoblast,
cytotrophoblast, endothelial cells and villous Hof-
bauer cells), and in amnion.'>2° Such localization
allows the recognition of Gram-negative bacteria
invading the uterus regardless of the route of inva-
sion. In case of an ascending infection, hematoge-
nous dissemination, and a descending infection from
peritoneal cavity, bacteria faces TLR4 present in
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decidua, syncytiotrofoblast, and amniotic epithelium,
respectively, initiating the cytokine production.
What is interesting is syncytiotrofoblast which covers
the surface of placental villi and has the potential to
release cytokines directly to maternal blood.

Arbour et al. demonstrated that common poly-
morphisms of TLR4 gene (896A>G, 1196C>T) are
associated with hyporesponse to LPS challenge.*!
These polymorphisms result in the replacement of
aspartic acid with glycine at amino acid 299 (rs
4986790) and threonine with an isoleucine at amino
acid 399 (rs 4986791) respectively, which affects
extracellular domain of toll-like receptor 4. Authors
revealed that NF-«f activity following LPS stimula-
tion and LPS-stimulated release of IL-1a were signif-
icantly lower for cells containing polymorphic alleles
compared with wild-type cells. Hyporesponsiveness
of polymorphic TLR4 might be associated with defec-
tive transport of this receptor to the cell membrane
or impaired ligand binding. Arbour et al. have pro-
ven that cells containing polymorphic TLR4 alleles
express less receptors on their surface, which sup-
ports the theory of impaired transport to cellular
membrane.?!

Based on the observations that gram-negative bac-
teria may cause pre-term delivery acting through
TLR4 and that common TLR4 gene polymorphisms
(rs 4986790, rs 4986791) impaired tissue expression
of these receptors and lower NF-kf activity and
cytokine production following LPS stimulation, we
hypothesized that carriage of these two common
polymorphisms may be associated with decreased
risk of pre-term delivery. As mentioned before, TLR4
are present in both maternal and fetal tissues
(decidua, chorion, and amnion). It seems probable
that both maternal and fetal carriage of these poly-
morphisms can influence the risk of prematurity in
the same way. However, as bacteria gain access to
the uterus through ascending route from lower
reproductive tract, facing TLR4 receptors in decidua,
which is of maternal origin in the majority of cases,
we decided to focus on the impact of maternal car-
riage of examined polymorphism on the risk of PTB.

To address our hypothesis, we examined the asso-
ciation between maternal carriage of two TLR4 gene
polymorphisms (896A>G and 1196C>T) and the risk
of delivery before 37 weeks of gestation in the popu-
lation of Polish women. Given that infections are
much more often responsible for very pre-term birth
than for pre-term birth close to the term, we decided
to perform additional analysis of an impact of these
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two polymorphisms on the duration of pregnancy in
a subgroup of women who gave birth to a child
before 33rd week of gestation.?> We hypothesized
that in such a subgroup of women the protective
impact of TLR4 polymorphism on the duration of
pregnancy might be more visible. Additionally we
analyzed the impact of fetal carriage of TLR4 vari-
ants on the risk of pre-term birth. Finally, we deter-
mined the frequency of rs 4986790, rs 4986791
TLR4 gene polymorphisms in the population of Pol-
ish women who delivered at term, which in our
opinion represents the frequency of these two poly-
morphisms in the general Polish population.

Materials and methods

The study was approved by the Committee for Bio-
ethics of Medical University of Lodz (number RNN/
108/07/KE). Written informed consent was obtained
from all patients.

In order to examine the influence of maternal car-
riage of two analyzed polymorphisms on the risk of
PTD before the 37th week of gestation we enrolled
into the case — control study 273 Caucasian women
who delivered in the Department of Perinatology,
First Chair of Gynecology and Obstetrics, Medical
University of Lodz between 2008 and 2011. The
women were divided into two groups. 121 women
who delivered a child before completing 37 weeks of
gestation constituted a case group. Control subjects
(n=152) were defined as women who delivered
after 37 weeks gestation. Because of the fact that
very pre-term deliveries are in up to 80% associated
with intra-uterine infection and taking under con-
sideration reports of distinct influence of TLR4 poly-
morphic alleles on the risk of prematurity depending
on gestational age we distinguished the subgroup of
43 mothers who delivered before the end of the
33rd week of gestation. Finally, in order to check
the contribution of fetal carriage of TLR4 variants to
the delivery before term we enrolled into the study
84 newborns of whom 35 were born before the 37th
week of gestation (cases subjects). In all women and
newborns gestational age was determined by the
date of the last period and confirmed by the ultra-
sound evaluation, which was performed between 11
and 13.6 weeks of pregnancy. Mothers with incom-
petent cervix, congenital anomalies of uterus, fetal
malformations and iatrogenic pre-term delivery, as
well as, mothers enrolled in our previous studies,
were excluded from the study. Clinical and
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demographic information was collected by filling out
the questionnaire and patient’s self-reports.

Maternal and fetal genomic DNA was isolated
according to Higuchi from white cells of peripheral
blood and umbilical cord blood respectively.>®> The
polymerase chain reaction (PCR) was carried out
with the use of GeneAmp PCR System 2007 and
GeneAmp PCR system 2400 (Applied Biosystems,
USA) following the manufacturer’s recommenda-
tions. To detect two evaluated polymorphisms we
used methods previously described by Lorenz et al.**

In order to analyze TLR4 896 A>G polymorphism,
the region that contain Ncol restriction site was
amplified with following primers: 5 — GATTA-
GCATACTTAGACTACTACCTCCATG — 3’ and 5" —
GATCAACTTCTGAAAAAAGCATTCCCAC - 3'. PCR
conditions comprised of a denaturating step at 95°C
for 4 min followed by 30 cycles of 95°C for 30 s, 55°C
for 30 s and 72°C for 30 s. 4 pL of PCR product was
digested overnight with Ncol (Fermentas, Canada)
and fractionated on a 10% agarose gel. The size of
digestion products was 249 bp for wild allele and
226 bp for polymorphic one.

Oligonucleotides 5" — GGTTGCTGTTCTCAAAGTGA
TTTTGGGAGAA — 3’ and 5" — ACCTGAAGACTGGAG
AGTGAGTTAAATGCT — 3’ were used as PCR primers
in order to amplify a region containing TLR4 (1196
C>T) polymorphic site. After initial denaturation at
95°C for 4 min, PCR was performed for 35 cycles of
denaturation at 95°C for 30 s, annealing at 55°C for
30 s and extension for 30 s at 72°C. 4 puL of the
resulting PCR products were digested overnight with
Hinfl restriction enzyme (Fermentas, Canada) and
run out on a 10% agarose gel. Digestion gave
406 bp bands for wild — type allele and 377 bp band
for polymorphic one (Fig. 1).

Genotype frequencies in the studied and control
groups were compared using an exact logistic regres-

length partern 1

-5

Fig. 1 Gel electrophoresis of Hinfl digest for TLR4 1196 C>T RFLP
assay. Genotype assignment are indicated above each line (1 for wild
type allele, 2 for mutant allele).
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sion model. Analysis was used to estimate the OR
and its 95% confidence intervals. Analysis was per-
formed with the statistical analysis package R ver-
sion 2.7.2 (http://www.r-project.org). Accordance
with Hardy — Weinberg equilibrium was estimated
using exact test for Hardy-Weinberg equilibrium.?’

Results

The characteristics of examined mothers and new-
borns is presented in Table I and II. In mothers, we
found no differences in age, weight at delivery and
percentage of cesarean sections performed. Mothers
who delivered pre-term significantly more often
smoked cigarettes during their pregnancy and had a
history of pre-term birth. As we expected there were
significant differences in percentage of PROM, gesta-
tional age at delivery and newborn’s birth weight. In
newborns significant differences concern gestational
age at the delivery and birth weight. No differences
were found according to maternal age and maternal
weight at the delivery.

In our study we have determined the frequency of
two TLR4 polymorphic alleles in general Polish pop-
ulation (in mothers who delivered after the 37th
week of pregnancy). In analysis of TLR4 896G allele
frequency successful DNA isolation and PCR amplifi-
cation was performed in 127 cases. Among them we

Table | Characteristics of examined mothers

Term PTD <37

delivery  weeks PTD < 33 HBD

n 152 121 43

Average age at the 28.6 29.9 29.9
delivery (years)

Average weight at the ~ 73.9 69.3 67.9
delivery (kg)

Smoking during the 13 237 257
pregnancy (%)

History of pre-term 6 17¢ 21
delivery (%)

PROM (%) 19.7 55° 547

Percentage of 32.8 38 37.5
cesarean sections (%)

Gestational age at the ~ 39.2 32.5° 29.1% b
delivery (weeks)

Newborn’s birth weight 3370 1972° 1360 * °

4P < 0.05 versus term delivery.
PP < 0.05 versus PTD < 37 weeks.
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Table Il Characteristics of examined newborns
Term delivery PTD
n 49 35
Average maternal age at the 27.8 30.8
delivery (years)
Average maternal weight at the 733 69.2
delivery (kg)
Gestational age at the delivery 38.8 34.3°
(weeks)
Birth weight 3333 2441°
°P < 0.05.

stated 111 (87.4%) AA genotypes, 15 (11.8%) het-
erozygous AG genotypes and 1 (0.8%) homozygous
GG genotype. Calculated frequency of TLR4 896G
allele was 0.067. Successful PCR amplification was
performed in 125 cases in the analysis of TLR4
1196T allele occurrence. Among them in 107
(85.6%) cases we found wild CC genotype, in 18
(14.4%) cases we found heterozygous CT genotype.
No homozygous TT genotype was found. The fre-
quency of TLR4 1196T allele was 0.072. We stated
strong linkage disequilibrium between 896AA and
1196CC TLR4 genotypes. Kappa rate was 0.75 for
mothers and 0.85 for newborns respectively. The
distribution of genotypes did not deviate from the
Hardy — Weinberg equilibrium in any of the studied
populations (P-value for TLR4 896 genotype for
mothers and newborns were 0.59 and 0.44 and for
TLR4 1196 genotype 1.0 and 0.34 respectively).
Analyzing the associations between maternal fre-
quency of TLR4 1196 C>T and TLR4 896 A>G poly-
morphic alleles and the risk of pre-term delivery
before the 37th week of gestation, we found no sta-
tistically significant relationship (Table III).
Analyzing the impact of maternal carriage of
examined polymorphisms in TLR4 gene on the risk
of very pre-term birth before the 33rd week of gesta-
tion we found statistically significant differences in
the frequency of TLR4 1196C>T polymorphism
between mothers who delivered before 33 weeks
gestation and those who delivered later. Polymor-
phic CT genotype was found in 4.4% of women
who gave birth to a child before the 33rd week of
gestation and in 14.2% of women delivering
after 33 weeks of pregnancy OR = 0.28 (95% CIL
0.04-0.99). We found no statistically significant asso-
ciation between frequency of maternal carriage of
TLR4 896A>G polymorphism and the risk of delivery
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Table Il Impact of maternal TLR4 gene variants on the risk of
pre-term delivery before the 37th week of pregnancy

Genotype frequencies (n)

Term
Genotype PTB < 37 delivery 0Odds ratio
TLR4 cC 90% (99) 85.6% (107) Reference
1196C>T group
cT 10% (11) 14.4% (18)  OR = 0.66
(95% ClI:
0.29-1.45)
100% (110)*  100%(125)
TLR4 AA 89.6% (95) 87.4% (111)  Reference
896A>G group
AG, GG°  10.4% (11)  12.6% (16) OR=10.8
(95% Cl:
0.35-1.80)

100% (106)*  100%(127)°

n, Number of genotypes.

“Total number of analyzed mothers differs from the number of
mothers enrolled into the study, because of either DNA isolation
or PCR amplification failure.

Ponly one homozygous TLR4 896GG genotype was found in a
group of women who delivered after the 37th week of pregnancy.

before the 33rd week of gestation. This data is
shown in Table IV.

In a group of women who delivered before the
33rd week of gestation we performed an additional
analysis to find out, if the combination of examined
polymorphisms in maternal TLR4 gene influence the
risk of PTB. We revealed that the number of poly-
morphisms inside TLR4 gene influences the risk of
birth before the 33rd week of gestation. Maternal
carriage of only one of analyzed polymorphisms
inside TLR4 gene (either 896G or 1196T) does not
significantly affect the risk of prematurity (OR = 0.76;
95% CI: 0.11-3.03) while simultaneous carriage of
both examined polymorphisms (896G and 1196T)
was associated with significant reduction in risk of
birth before the 33rd week of gestation OR = 0.18
(95% CI: 0.01-0.91).

We haven’t found any statistically significant asso-
ciations between frequencies of analyzed TLR4 poly-
morphisms in fetuses and the risk of pre-term
delivery, neither before the 37th nor the 33rd week
of pregnancy (Table V and VI). However, fetuses
born before the 37th week of gestation tended to
have lower TLR4 1196T allele frequency then term
fetuses OR = 0.27 (95% CI: 0.04-1.14). Because of
the small sample size of newborns enrolled into the
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Table IV Impact of maternal TLR4 gene variants on the risk of
pre-term delivery before the 33rd week of pregnhancy

Genotype
frequencies (n)

Term
Genotype PTB <33  delivery Odds ratio
TLR4 cC 95.6% (43) 85.8% (163) Reference
1196C>T group
CT 4.4% (2) 14.2% (27) OR=0.28
(95% Cl:
0.04-0.99)
100% (45)°  100%(190)*
TLR4 AA 95.3% (41) 86.8% (165) Reference
896A>G group
AG 4.7% (2) 13.2% (25) OR =0.32
(95% ClI:
0.05-1.14)
100% (43)°  100%(190)%

n, number of genotypes.

“Total number of analyzed mothers differs from number of moth-
ers enrolled into study because of either DNA isolation or PCR
amplification failure.

study, we weren’t able to examine the influence of
various combinations of these two polymorphisms in
TLR4 gene on the risk of prematurity.

Discussion

According to our knowledge, this is the first study in
which the frequency of rs 4986790 and rs 4986791
polymorphisms has been determined in the Polish
population.

The frequency of polymorphic TLR4 896G and
1196T alleles was 0.067 and 0.072 respectively and
in both cases did not differ from one reported by
investigators from other countries (Table VII and
VIII).

This is also the first study in which an association
between the frequency of maternal and fetal carriage
of two TLR4 gene polymorphisms (896A>G,
1196C>T) and the risk of pre-term delivery has been
evaluated in a homogenous Caucasian Polish popu-
lation. In our research we have found a significantly
lower frequency of TLR4 1196T allele in mothers
who delivered before the 33rd week of gestation
compared to mothers who delivered later (two
carriers in a total of 45 PTBs < 33rd week of preg-
nancy — 4.4% versus 27 carriers in a total of 190
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Table V Impact of fetal TLR4 gene variants on the risk of
pre-term delivery before the 37th week of pregnancy

Genotype
frequencies (n)

Term
Genotype PTB <37  delivery Odds ratio
TLR4 ccC 94% (33) 82% (40) Reference
1196C>T group
CcT 6% (2) 18% (9) OR =0.27
(95% Cl:
0.04-1.14)
100% (35)  100%(49)
TLR4 AA 90% (27) 79.5% (35) Reference
896A>G group
AG 10% (3) 20.5% (9) OR =0.43
(95% Cl:
0.09-1.61)

100% (30)*  100%(44)°

n, Number of genotypes.
“Total number of analyzed newborns differ from number of new-
borns enrolled into study because of either DNA isolation or
PCR amplification failure.

Table VI Impact of fetal TLR4 gene variants on the risk of
pre-term delivery before the 33rd week of pregnancy

Genotype
frequencies (n)

Term
Genotype PTB <33 delivery 0Odds ratio
TLR4 cc 80% (4) 87% (69) Reference
1196C>T group
CcT 20% (1) 13% (10) OR=1.73
(95% Cl:
0.08-13.23)
100% (5) 100% (79)°
TLR4 AA 60% (3) 85.5% (59) Reference
896A>G group
AG 40% (2) 14.5% (10) OR = 3.93
(95% Cl:
0.47-26.79)
100% (5) 100% (69)?

n, Number of genotypes.

“Total number of analyzed fetuses differ from number of fetuses
enrolled into study because of either DNA isolation or PCR
amplification failure.

mothers >34th week- 14.2%; odds ratio — 0.28;
95% confidential interval 0.04-0.99). We have
determined no statistically significant association
between maternal frequency of TLR4 1196T allele

American Journal of Reproductive Immunology 69 (2013) 272-280
© 2013 John Wiley & Sons A/S

Table VII Frequencies of TLR4 896G allele in different
population

Country Frequency of TLR 896G allele N
usAa?' 0.066 155
Uruguay?® 0.05 250
Finland®’ 0.083 351
African-America®® 0.066 218
Poland (present study) 0.067 2542

“Number of alleles is twice as much as the number of mothers
in whom successful amplification was performed because each
genotype contains two alleles.

Table VIII Frequencies of TLR4 1196T allele in different
population

Country Frequency of TLR 1196T allele N

India®’ 0.09 500
Greece®® 0.067 490
Ethiopia®’ 0.077 494
Malaysia>2 0.048 500
Poland (present study)  0.072 2507

“Number of alleles is twice as much as number of mothers in
which successful amplification was performed because each
genotype contains two alleles.

and the incidence of pre-term delivery after the 33rd
week of pregnancy and also no correlation between
maternal carriage of TLR4 896G allele and PTB
regardless of the time of delivery.

We have also evaluated fetal frequencies of two
above mentioned polymorphisms among the cases
and controls, finding no statistically important differ-
ences. However, fetuses born before the 37th week
of pregnancy tended to have lower frequency of
TLR4 1196T allele comparing with the term new-
borns (two carriers in a total of 35 PTB — 6% versus
nine carriers in a total of 49 term newborns — 18%;
OR = 0.27; 95% CI: 0.04-1.14 — statistically not sig-
nificant). Probably because of small sample size, we
were unable to define the fetal TLR4 variants as a
factor influencing risk of prematurity.

Our results seem to confirm our hypothesis that
carriage of TLR4 receptor polymorphism might be
associated with the lower risk of pre-term delivery.
Here we show for the first time that maternal
carriage of TLR4 1196T allele might protect against
delivery before the 33rd week of gestation. This pro-
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tection is probably caused by a change in extracellu-
lar domain of TLR4 in carriers of polymorphic 1196T
allele, which impair transport of this receptor to
membrane cell, resulting in lower expression of
polymorphic receptor on cellular surface.?’ This
lower receptor expression reduces detection of Gram
negative bacteria and causes lower NF-kf activity
and lower release of IL-la following LPS stimula-
tion.*! This impair response to LPS stimulation and
depress inflammatory response to Gram-negative
bacteria seem to result in lower production of MMP
and prostaglandins and thus reduce cervical ripening
and uterine contractility, decreasing the risk of pre-
term delivery. The theory of impact of TLR4
malfunction on the PTB risk reduction seems to be
supported by murine models. Wang et al. have
shown that a strain of mice that has a spontaneous
mutation of TLR4 is less likely to deliver pre-term
after intra-uterine inoculation of heat killed Gram—
negative bacteria than wild-type mice.?> Moreover,
in mice models Sulfasalazine which blocks activation
of NF-kf reduced rates of pre-term delivery after
intra-uterine injection of Escherichia coli.** We
hypothesized that the fetal carriage of TLR4 poly-
morphic alleles would have the same influence on
the risk of prematurity as the maternal one, how-
ever, probably because of the small sample we
detected no statistically significant associations.

In our study we have also examined the impact of
simultaneous maternal carriage of two different
polymorphisms (896 A>G and 1196C>T) among
TLR4 gene on the risk of delivery before 33rd week
of gestation. What is interesting, the reduction of
the risk of very pre-term delivery caused by concur-
rent presence of these two polymorphic alleles
(896A and 1196C) was higher than caused by the
presence of TLR4 1196T allele alone suggesting that
superimposing changes inside a single gene can fur-
ther alter the genes impact on the eventual pheno-
type.

In our study we did not detect an influence of
maternal carriage of TLR4 variants on the risk of
pre-term delivery after the 33rd week of gestation.
Distinct influence of TLR4 gene variants on the risk
of pre-term delivery regarding gestational age does
not seem to be surprising. Infections have been
reported responsible for about 40% of all pre-term
labor cases.’”> However, in very early premature
births (before 30 weeks of gestation) ascending
infections or chorioamnionitis occur in up to 80%.>’
Therefore, before the 33rd week of gestation TLR4
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variants which blunt inflammatory response might
be beneficial for the duration of pregnancy. In more
advanced pregnancies other causes of pre-term
delivery such as: uteroplacental ischemia, uterine
overdistension, allergic phenomena and hormonal
disorders may become more important making a
protective impact of TLR4 1196T allele less signifi-
cant.” Our data showing an association between
maternal TLR4 1196T allele carriage and reduction
of the risk of birth <33rd week of pregnancy empha-
size the differences in susceptibility to the inflamma-
tory process among pre-term neonates.

In another study conducted in Poland authors
have analyzed the impact of maternal carriage of
TLR4 1196 C>T polymorphism on the risk of
PPROM.>® Although small sample size including 33
cases with PPROM and 60 controls authors have
observed a tendency towards protection against
PPROM in women carrying TLR4 1196T variant
(9.1% of carriers in case group versus 16.7% in con-
trols — data statistically not significant).

Results of these two studies emerging from Poland
suggest that in Central Europe carriage of TLR4 1196
C>T polymorphism might be associated with reduc-
tion of risk of prematurity. This reduction seems to
effect very early pregnancies before the 33rd week
of gestation. In few researches conducted in other
countries authors obtained different results. In Fin-
land fetal, as well as, maternal carriage of TLR4 vari-
ants were associated with increased risk of
premature birth.?* In this study the frequency of the
polymorphic alleles had no detectable influence on
the degree of prematurity (<32 and > 32 week). Rey
el al. in a research conducted among Uruguayan
newborns have shown an increased risk of prematu-
rity and PPROM in individuals carrying 896 A>G
substitution in TLR4 gene.?® This increase was how-
ever restricted only to very premature infants before
the 33rd week of gestation.

On the contrary to mentioned studies Ferrand
et al. in Philadelphia (USA) have demonstrated no
association between frequency of TLR4 896 A>G
polymorphism and PPROM.*®

The fact of distinct influence of TLR4 gene vari-
ants on the risk of prematurity in different countries
does not seem to be surprising. It emphasizes dispar-
ities in the genetic background of the populations.
It has been estimated that there are about 3 million
single nucleotide polymorphisms (SNP) in the
human genome. For the last several years research
considering the impact of maternal and fetal poly-
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morphisms of different genes on the risk of prematu-
rity has been conducted around the world. These
studies concentrate mainly on genes associated with
inflammatory mechanism of pre-term delivery.’
Results of these studies generally, seem to indicate
that the impact of gene polymorphisms on the risk
of pre-term delivery depends on ethnic disparities.
For example Geng et al. in a research conducted in a
population of New York newborns have shown an
increased risk of PTD in fetuses carrying polymorphic
alleles of IL-1B gene (IL1B+3953C>T).?” This risk
was, however, restricted to newborns of Afro-Ameri-
can origin only. On the contrary, in Florida Edwards
et al. did not detect an impact of fetal carriage of
this polymorphism on the risk of prematurity.’®
ILIRN gene encoding for IL-lra (Interleukin-1
receptor antagonist) seems to be exceptional,
because in majority of studies both maternal and
fetal carriage of the second allele of this gene
(ILIRN*2) increases the risk of pre-term delivery,
regardless the population studied.>”>**° Other than
inflammatory mechanisms of pre-term delivery have
also been investigated. Polymorphisms of genes
accounting for wuteroplacental ischaemia, another
cause of PTD according to Romero, have become a
point of interest.” Valez et al. have shown, that
maternal and fetal carriage of polymorphic alleles
encoding for tPA (tissue-type plasminogen activator)
and coagulation factors V and VII (F5, F7) may
increase the risk of prematurity.*! Considering afore-
mentioned data it seems that individual polymor-
phisms presented in specific population are
interacting with each other and they are together
responsible for the final phenotype (gene-gene inter-
action). In our study we have shown that even
interactions between specific polymorphisms inside
one gene can alter the final phenotype. Moreover,
interactions between genes and environment have
also been described. Macones et al. have found that
women presenting both bacterial vaginosis (BV) and
TNFa polymorphism were at synergistically increased
risk of PTB compared with women with only gene
polymorphism or BV alone.*” Nukui et al. have
shown that carriers of polymorphic allele of GSTT1
gene (glutathione S-transferase theta-1 — enzyme tak-
ing part in metabolism of mutagens and carcinogens
present in tobacco smoke) are at increased risk of pre-
term delivery in case of exposure to tobacco smoke.**

The impact of TLR4 genetic variants on the dura-
tion of pregnancy is not clear. It seems to depend on
geographical region, race and probably on interac-
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tions with environmental factors. In our study we
have shown that it may also depend on the gesta-
tional age. Further studies conducted in different
populations and which would take environmental
factors into account, are necessary to elucidate asso-
ciation between maternal and fetal TLR4 gene vari-
ants and the risk of prematurity.

Conclusions

The impact of TLR4 896 A>G and TLR4 1196C>T
gene polymorphisms on the duration of pregnancy is
geographically disparate. In Poland maternal carriage
of TLR 1196T variant is associated with reduction in
risk of pre-term delivery before the 33rd week of
gestation. There is a need for further worldwide
studies concerning associations between fetal TLR4
variants and the risk of prematurity.
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