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Abstract OBJECTIVES: The intrauterine growth restriction (IUGR) frequently is a cause 
of fetal morbidity and mortality, and influences perinatal outcome. Several genes 
have been identified to explain aetiology of IUGR, beside others the gene coding 
for tumour necrosis factor alpha (TNF-α).
DESIGN: To investigate frequency of AlwI polymorphism of TNF-α gene and 
its correlation with TNF-α level in maternal serum, Doppler velocimetry and 
perinatal outcome in pregnancies suspected for IUGR.
SETTING: 42 pregnancies with IUGR and 50 matched healthy pregnant women 
were included in the study. Maternal venous blood samples were investigated in 
relationship to blood flow Doppler velocimetry in umbilical (UA) and middle 
cerebral (MCA) arteries. .AlwI polymorphism was analysed using PCR/RFLP as-
says. TNF-α level was evaluated by immunoelectophoretic method. 
RESULTS: A higher frequency of mutated -238A alleles (13.1% vs. 7.0%) and geno-
types containing at least one mutated -238A allele (23.8% vs. 14.0%) were found 
in the IUGR group. The tendency to the higher TNF-α level in IUGR subgroups 
with the presence of at least one mutated A allele (258.9±231.3 vs. 174.1±145.6 
pg/ml) was detected. No statistical differences were detected for PI values in UA 
and MCA arteries considering particular genotypes (GG vs. GA + AA) separately 
in IUGR group. 
CONCLUSION: Increased UA vascular impedance and signs of brain sparing in 
MCA are related to IUGR and increased TNF-α level in maternal serum. AlwI 
polymorphism might play a role in IUGR aetiology and influence TNF-α ex-
pression in maternal serum, but was not related to Doppler velocimetry or with 
perinatal outcome.
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IntroDuctIon

Fetal growth depends on growth factors levels, oxygen 
and nutrients balance. Consequently the development 
of intrauterine growth restriction (IUGR) could be a 
result of maternal undernutrition coexisting with pla-
cental insufficiency [1]. IUGR remains the main cause 
of placental hypoxemia, fetal morbidity and mortality, 
however, the pathophysiological processes leading to 
IUGR are still not clearly understood. Early diagnosis of 
IUGR could result in lower rates of obstetrics interven-
tions and could improve perinatal outcome [2]. There-
fore many authors suggest broad spectrum of investiga-
tions in high-risk pregnancies such as IUGR including 
ultrasound evaluation, blood flow Doppler velocime-
try, cytokines activity, and in recent years, the view in 
genetic basis of this condition that might explain the 
pathophysiological processes involved [3].

Lymphohematopoietic cytokines play a signifi-
cant role in many biological mechanisms. Changes in 
cytokines pattern are also related to IUGR development 
[4]. An increase cytokine levels has been found in am-
niotic fluid and in maternal serum in IUGR pregnan-
cies [5, 6]. One of the most investigated cytokine is tu-
mour necrosis factor alpha (TNF-α), which is a potent 
inducible cytokine with pleiotropic biological effects [1, 
4]. In humans TNF-α is a 17 kDa 157 amino acid chain 
with chemical structure identical to cachectin derived 
from macrophages. TNF-α circulates in the blood to 
organs and acts through the specific receptors p75 and 
p55 [7] to mediate various physiologic and pathophysi-
ologic events. The important function of TNF-α within 
a complex of cytokine network is activation of multiple 
signal transduction pathways, induction or suppression 
of wide variety of genes, including those encoding for 
other cytokines, adhesion molecules and inducible ni-
tric oxide synthase [8]. 

Gene encoding for the TNF-α is located on chro-
mosome 6 (6p23-q12 segments). It is about 3 kilo base 
pairs long and contains 3 introns [9]. Recently, genetic 
polymorphisms in TNF-α promoter region [10, 11] in-
fluencing TNF-α level and activity have been identified. 
Since the tendency to higher level of TNF-α has been 
found in the maternal serum and amniotic fluid in the 
pregnancies complicated by IUGR, it could be suggest-
ed the possible role of TNF-α and its polymorphisms in 
the pathogenesis of fetal hypotrophia [5].

Considering IUGR as a condition commonly con-
nected with increased placental vascular impedance, 
we hypothesized that genetic polymorphism of TNF-α 
could also be correlated with disturbances in blood flow 
in umbilical and middle cerebral arteries in pregnancy 
affected with IUGR. The aim of this study was to inves-
tigate if there was a correlation between increased fre-
quency of -238G/A AlwI restriction polymorphism of 
TNF-α gene and TNF-α level in maternal serum, Dop-
pler velocimetry and perinatal outcome in pregnancies 
suspected for IUGR.

MAterIAl AnD MethoDS
Patients
Forty-two pregnancies suspected for IUGR were anal-
ysed (mean maternal age 25.6 ± 3.8 years, mean gesta-
tional age at birth time 33.2 ± 4.0 weeks). The diagnosis 
of suspected IUGR was based on ultrasound measure-
ments (foetal biometry: biparietal diameter, head and 
abdominal circumference, femur length). Birth weight 
at or below the 10th percentile for gestational age and 
sex according to the centile chart for Polish standards 
for birth weight. Fifty healthy pregnant women (mean 
age 26.6 ± 3.3 years, mean gestational age at birth time 
39.9 ± 1.2 weeks) were evaluated as a control group. The 
statistically differences were noted in average gestation-
al age at birth between the groups. However, the dif-
ferences in maternal age between the groups were not 
statistically significant. Gestational age was confirmed 
by an ultrasound examination performed in early preg-
nancy. All subjects were singleton pregnancies. Multiple 
pregnancies, pregnancies with chromosomal abnormal-
ities and fetal anomalies, women with diabetes melli-
tus, cardio-vascular-, and renal diseases were excluded 
from the study. All the patients were Caucasians of Pol-
ish origin. Each subject was informed about the goal of 
the study and gave their written consent. The regional 
Ethics Committee approved the study.

MethoDS

Genetic analysis: From each woman, 5-6 ml of venous 
blood sample was collected and stored in –20oC until 
further analysis. Genomic DNA was extracted by phe-
nol-chloroform method from blood leucocytes. In both 
groups, single nucleotide polymorphism (-238G/A) in 
the regulatory region of the gene coding for TNF-α was 
evaluated using PCR/RFLP (polymerase chain reac-
tion/restriction fragment length polymorphism) assay. 
For detection -238G/A point mutation 131 bp fragment 
of DNA was amplificated with specific oligonucleotides 
(TNF1: 5’AAA TGG AGG CAA TAG GTT TTG AGG 
GGC TTG and TNF2: 5’TAC CCC TCA CAC TCC 
CCA TCC TCC CTG ATC) (Tib MolBiol, Poland). 
After the digestion, the PCR fragment was incubated 
with AlwI restriction enzyme (New England BioLabs 
Inc, USA). Two DNA fragments (110 and 21 bp long) 
indicated homozygote wild-type, whereas lack of cut-
ting place was diagnosed as the presence of mutated A 
allele. 

Biochemical analysis: TNF-α level in maternal serum 
in both investigated groups (IUGR and control) was de-
termined using enzyme immunoassay (CytElisa Human 
TNF-α, Cytimmune Sciences Inc, USA), sensitivity 4.8 
pg/ml, range of detection 15.6 – 1000.0 pg/ml. 

Ultrasound Doppler analysis: Doppler examination 
was performed with Aloka SSD 5500 duplex scanner 
(Aloka Corp., Japan) using 5 MHz transducer with color 
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and pulsed Doppler options. In each case Doppler re-
cordings in umbilical (UA) and middle cerebral (MCA) 
arteries have been performed. Recordings from the UA 
were obtained from a free-floating central part of the 
umbilical cord and MCA approximately 1 cm from the 
origin of the vessel. The Doppler recordings were only 
performed during the periods when fetal breathing and 
body movements were absent. Three consecutive blood 
velocity waveforms were analyzed for pulsatility index 
(PI) and correlated to normal reference values [12, 13]. 
Doppler examination was considered as pathologi-
cal when the PI exceeded 2 standard deviations above 
the mean value for gestational age. The ultrasound ex-
aminations in the both groups were performed repeat-
edly every second week. The result of last examination 
before delivery in IUGR group was considered in our 
study. All the Doppler examinations were performed by 
same operator (M.D.). All results were plotted on the 
normal chart for UA (PI range in UA for 33 week of ges-
tation 0.75–1.25) [12] and for MCA (PI range in MCA 
for 33 week of gestation 1.50-2.35) [13]. PI values of 
middle cerebral and umbilical arteries were compared 
in both groups at a similar gestational age (33.2 ± 4.0 vs. 
33.5 ± 0.9 weeks in IUGR and control groups, respec-
tively, non-statistically significant). Fetal brain sparing 
was defined as an increase in blood flow of the middle 
cerebral artery demonstrated by a lower value of the 
pulsatility index (< mean -2 SD). 

Perinatal outcome: In each case the perinatal out-
come was evaluated by Apgar score at 5 min., fetal birth 
weight, arterial and venous pH, the need of operative 
delivery for fetal distress (ODFD), admissions for the 
neonatal intensive care unit (NICU), neonatal ventila-
tion (the need of using the mechanical system for sup-
port the bodily process of inhalation and exhalation in 
neonate) and neonatal mortality (the death rate during 
the first 28 days of life). 

Statistical analysis: The statistical analysis was per-
formed using SPSS v. 11.5 for Windows. The results 
were calculated as the mean, standard deviation, and 
range value. The inter-group comparisons have been 

done using the chi-squared test. Continuous variables 
between groups were compared using the Mann-Whit-
ney test. In genetic analysis the odds ratio and 95% con-
fidence limit has been calculated. Expected genotypes 
frequency was from calculated applying Hardy-Wein-
berg equation and compared with observed frequency 
by chi-squared test. The results were considered as sta-
tistically significant if the p value was below 0.05.

reSultS

Genetic analysis: In the IUGR group a higher frequen-
cy of the genotypes containing at least one mutated A 
allele (homozygous -238A/A and heterozygous –238G/
A genotypes) was found (23.8% vs. 14.0%, OR = 1.92, 
95%CI 0.6–6.6, p = ns). Underrepresentation of -238G/-
238G genotype (wild-type) was also found in the IUGR 
group (76.2% vs. 86.0%, OR = 0.5, 95%CI 0.2 – 1.7, p 
= ns). Heterozygous genotype -238G/A was detected 
in 21.4% in IUGR and 14.0% in controls, respectively 
(Table 1). These proportions were consistent with the 
Hardy-Weinberg equilibrium. Related to the presence 
of alleles, the overrepresentation of -238A mutated al-
lele was observed in IUGR group (13.1% vs. 7.0% in the 
IUGR and controls, respectively, OR = 2.0, 95% CI 0.67 
– 6.39, p = NS) (Table 1).

Doppler velocimetry: A statistically significant differ-
ences were observed for PI value in umbilical artery be-
tween the pregnancies affected with IUGR and the con-
trols (1.91 vs. 0.89, p < 0.0001). This observation related 
also to the subgroups with GG genotype (2.00 vs. 0.88, 
p < 0.0001) and GA + AA genotypes (1.63 vs. 0.93, p < 
0.0001) comparing IUGR and the controls. However, 
no differences were detected for mean PI values consid-
ering particular genotypes (GG vs. GA + AA) separately 
in IUGR (GG vs. GA + AA = 2.00 vs. 1.63) and control 
(GG vs. GA + AA = 0.88 vs. 0.93) group. PI value in 
MCA was not correlated with presence of mutated A 
allele in IUGR group (GG vs. GA + AA = 1.53 vs. 1.56) 
and in the controls (GG vs. GA + AA = 1.62 vs. 1.64). 

Table 1. The frequency of genotypes and alleles of -238G/A of TNF-α polymorphism.

IUGR Controls

n (%) Expected (%) 95% CI n (%) Expected (%) 95% CI
Genotypes

GG 32 (76.2) 75.0 60.0–88.0 43 (86.0) 73.9 73.2–94.8

GA 9 (21.4) 23.0 10.3–36.8 7 (14.0) 24.1 5.8–26.7

AA 1 (2.4) 2.0 0.06–12.6 0 (0.0) 2.0 0–7.1
Alleles

G 73 (86.9) – 77.8–93.3 93 (93.0) – 86.1–97.1

A 11 (13.1) – 6.7–22.2 7 (7.0) – 2.9–13.9
IUGR – intrauterine growth restriction, CI – confidence limit
Expected values were calculated according to Hardy-Weinberg equilibrium
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Tab. 2. PI values in umbilical and middle cerebral arteries and TNF-α level in maternal serum 
correlated with genotypes in the investigated groups (IUGR and controls).

Genotypes
GG + GA + AA

Genotype
GG

Genotypes
GA + AA

IUGR Controls IUGR Controls IUGR Controls
Patients number 42 50 32 43 10 7

Mean gestational week 
of examination ± SD 33.2 ± 4.0 33.5 ± 0.9 33.2 ± 4.1 33.5 ± 0.9 33.3 ± 3.8 33.6 ± 1.0

p = ns p = ns p = ns
PI in umbilical artery

Mean value  ± SD 1.91 ± 0.80 0.89 ± 0.09 2.00 ± 0.80 0.88 ± 0.09 1.63 ± 0.80 0.93 ± 0.07

Median 1.76 0.89 1.83 0.88 1.39 0.92

Range 0.78–3.79 0.69–1.15 0.84–3.79 0.69–1.15 0.78–3.22 0.85–1.05

p p < 0.0001 p < 0.0001 p < 0.0001
PI in middle cerebral artery

Mean value  ± SD 1.54 ± 0.45 1.62 ± 0.11 1.53 ± 0.45 1.62 ± 0.12 1.56 ± 0.48 1.64 ± 0.11

Median 1.49 1.62 1.49 1.61 1.56 1.62

Range 0.96–2.65 1.47–1.87 0.98–2.65 1.41–1.87 0.96–2.12 1.49–1.77

p p = ns p = ns p = ns

Brain sparing efect (n) 16 0 12 0 4 0
TNF-α level

Mean level
± SD (pg/ml) 225.9 ± 187.2 34.08 ± 19.8 174.1 ± 145.6 32.0 ± 18.1 258.9 ± 231.3 46.9 ± 26.6

p p < 0.0001 p < 0.0001 p < 0.05
IUGR – intrauterine growth restriction, TNF-α – tumour necrosis factor alpha, PI – pulsatility index, UA – umbilical artery, MCA – middle 
cerebral artery

Table 3. PI values of umbilical and middle cerebral arteries correlated with the presence of abnormal velocimetry blood 
flow effects and genotypes in the IUGR group (n = 42).

Genotypes
GG GA + AA p

Normal PI in umbilical artery (n = 16)
n

Mean value ± SD
Median
Range

10
1.18 ± 0.25

1.13
0.84 – 1.57

6
1.14 ± 0.23

1.13
0.78 – 1.44

p = ns

Abnormal PI in umbilical artery (n = 26)
n

Mean value ± SD
Median
Range

22
2.37 ± 0.67

2.20
1.61 – 3.79

4
2.35 ± 0.80

2.31
1.57 – 3.22

p = ns

PI in middle cerebral artery correlated with brain sparing effect – not present (n = 26)
n

Mean value ± SD
Median
Range

20
1.75 ± 0.43

1.65
1.02 – 2.65

6
1.89 ± 0.31

1.98
1.30 – 2.12

p = ns

PI in middle cerebral artery correlated with brain sparing effect – present (n = 16)
n

Mean value ± SD
Median
Range

12
1.16 ± 0.15

1.15
0.98 – 1.55

4
1.08 ± 0.12

1.08
0.96 – 1.18

p = ns

PI – pulsatility index, UA – umbilical artery, MCA – middle cerebral artery
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No difference was found in PI value of MCA between 
IUGR and control group, either (Table 2).

Statistically significant difference were found be-
tween the presence of brain sparing (p < 0.0001) in 
the whole IUGR group and the controls. In the IUGR 
group (42 subjects) the UA PI value were analysed in 
correlation with genotypes and normal and abnormal 
blood flow velocimetry in UA and no differences ob-
served. MCA velocimetry was also evaluated in correla-
tion with particular genotypes. No statistical differenc-
es were observed between genotypes neither in terms of 
PI or signs of brain sparing (Table 2 and 3).

TNF-α level: The average TNF-α level was 225.9 
pg/ml in IUGR group and 34.08 pg/ml in controls (p 
< 0.0001). Statistically differences were also found be-
tween IUGR group and controls for GG (p < 0.0001) 
and GA + AA subgroups, respectively (p < 0.05). TNF-
α level was higher in IUGR group with the presence of 
least one mutated A allele (GA + AA vs. GG = 258.9 vs. 
174.1 pg/ml, p = ns) (Table 2).

Perinatal outcome: The statistically significant differ-
ence was found between birth weigth (p < 0.0001) in 
IUGR group and the controls. The same observation 
was confirmed by comparison of the particular sub-
groups in IUGR and the controls. The statistically sig-
nificant differences were found when the Apgar score 
at 5’ (p < 0.0001), arterial (p < 0.0001) and venous (p < 
0.0001) pH, and gestational age of delivery (p < 0.0001) 
in IUGR and control groups were compared. The same 
observation was found relating to ODFD presence (p 
< 0.0001), NICU (p < 0.0001), ventilation (p < 0.0001), 

and mortality (p < 0.001) between both investigated. If 
compared the genotypes containing at least one mutat-
ed A allele (GA + AA) in IUGR and the controls the 
statistically significant differences were found between 
Apgar score at 5’ (p < 0.001), presence of ODFD (p < 
0.05), NICU (p < 0.0001), and ventilation (p < 0.05) 
but not between arterial, venous pH and mortality. The 
perinatal outcome relating to the particular genotypes 
is listed in Table 4.

 

DIScuSSIon

IUGR belonging to maladaptation diseases is consid-
ered to be related to disturbances in uteroplacental cir-
culation. This pregnancy-related pathological condition 
is correlated with maternal serum changes of inflam-
matory cytokines that are essential factors for fetal and 
placental growth [5, 14, 15]. The possible mechanism of 
this imbalance could be connected with the increased 
release of interleukin 2 and interleukin 12 from helper 
lymphocytes Th1 and activated macrophages, and de-
crease release of angiogenesis factors such as basic fibro-
blast and vascular endothelium growth factor. Activat-
ed macrophages produce the excessive value of TNF-α 
that could direct damage endothelial cells. Although the 
precise mechanism for IUGR mediated via cytokines is 
still unclear, both interleukin 1 and TNF-α along with 
interleukin 6, might induce the secretion of substanc-
es enhancing the vasoconstriction of the fetal placen-
tal vascular bed [15]. Cytokines may also influence in-

Tab. 4. The pregnancy outcome correlated with genotypes in investigated groups (IUGR and controls). Numbers given are mean ± SD.
Genotype

GG + GA + AA
Genotype

GG
Genotypes

GA + AA
IUGR Controls IUGR Controls IUGR Controls

Patients number 42 50 32 43 10 7

Mean maternal age (years) 25.6 ± 3.8 26.6 ± 3.3 25.4 ± 3.9 26.4 ± 3.5 26.3 ± 3.7 27.3 ± 2.6

Week of delivery 33.2 ± 4.0 39.9 ± 1.2 33.3 ± 4.1 39.9 ± 1.1 33.7 ± 3.9 40.0 ± 1.3

Birth weight (g)
range

1367.9 ± 565.5
600–2410

3284.2 ± 275.6
2530–3920

1329.7 ± 569.9
600–2410

3304.9 ± 289.2
2530–3920

1490.0 ± 562.1
720–2250

3157.1 ± 114.1
3000–3340

Apgar score at 5’
median range

7
0–9

10
7–10

7
0–9

10
7–10

6.5
3–8

10
8–10

Arterial pH 7.16 ± 0.09 7.23 ± 0.07 7.16 ± 0.09 7.24 ± 0.07 7.15 ± 0.07 7.21 ± 0.06

Venous pH 7.21 ± 0.08 7.27 ± 0.06 7.22 ± 0.09 7.28 ± 0.07 7.21 ± 0.08 7.26 ± 0.04

ODFD 34 2 26 2 8 0

NICU 37 3 28 3 9 0

Ventilation 26 2 20 2 6 0

Mortality 8 0 7 0 1 0
IUGR – intrauterine growth restriction, ODFD – operative delivery for fetal distress, NICU – neonatal intensive care unit
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travascular cell adhesion, coagulation and thrombosis. 
They can activate the endothelium and stimulate its 
procoagulant properties. This might explain the chang-
es of cytokines levels related to blood flow disturbances 
in several uteroplacental circulation such as umbilical 
and uterine arteries [16]. Therefore, the most common 
investigation method in the case of IUGR suspicion is 
a longitudinal Doppler velocimetry evaluation of pla-
cental and fetal circulation [2]. The early identification 
of the patients suspected with IUGR may be very use-
ful in clinical practice. Research is therefore focused on 
early detection of this condition. At present, beside the 
Doppler velocimetry, the measurement of cytokines in 
amniotic fluid, maternal serum or in cervical secretion 
may be helpful in the evaluation of cases suspected for 
IUGR [5, 6].

Cytokines could also play an important role in 
many pathological processes and may act synergis-
tically to induce inflammatory reactions. The clini-
cal studies are aimed at elucidating the role of these 
immunomodulating factors in the processes mediating 
preterm labour [17], preterm rupture of membranes 
[18, 19], intra-amniotic infection [17], and IUGR [5]. 
TNF-α is a proinflammatory cytokine that acts against 
a variety of pathogens and tumour cells. TNF-α has re-
cently been suggested to act as a transducer of cardio-
vascular diseases, namely coronary artery disease and 
congestive heart failure [10]. In recent years many in-
vestigations have also shown the role of TNF-α in the 
pathogenesis of numerous disorders like: obesity [20], 
diabetes [21], multiplex rheumatoid arthritis [22], os-
teoporosis [23], hyperandrogenism [24], Alzheimer 
[25] and Parkinson’s diseases [26].

The genetic control of cytokines production could 
play a role in modulation of cytokines activity. It is wide-
ly accepted that molecular mechanisms may influence 
cytokine gene expression and at the same time immu-
nological reaction [9]. Although the molecular regula-
tory mechanism of TNF-α gene expression is still un-
known it has been suggested that the presence of point 
mutations in regulatory region of TNF-α gene is asso-
ciated with susceptibility to IUGR development. Much 
attention was paid to TNF-α activity regulation, and ge-
netic polymorphisms in the promoter region (-163G/
A, -238G/A, -308G/A, -376G/A oraz -863G/A). These 
point mutations regulate the transcription process of 
TNF-α gene and influence TNF-α activity [27].

In our analysis we have observed the overrepresenta-
tion of –238A mutated allele in the IUGR group such as 
statistically significant increased level of TNF-α in ma-
ternal serum with IUGR (225.9 vs. 34.08 pg/ml). The 
determined values were also higher in the subgroups 
with the genotypes containing at least one mutated A al-
lele (GG vs. GA +AA = 174.1 vs. 258.9 pg/ml). However, 
the results were not statistically significant, but might 
suggest a probable role of several cytokines in IUGR pa-
thology. Additionally to our results it was shown that 
in fetal growth restriction TNF-α level was elevated in 

amniotic fluid and the others cytokines such as colony 
stimulating factors were reduced [4]. However, it were 
also suggested that these cytokines have been not raised 
in pregnancies complicated by fetal growth restriction 
[28].

Summarizing, we have shown that the presence of the 
-238G/A polymorphism in the gene coding for TNF-α 
could play a modulating role in the immunological an-
swer of IUGR. It could be speculated that the presence 
of more active form of TNF-α together with the others 
disturbances in immune system and endothelium injury 
are the processes involved in IUGR development. The 
changes in the umbilical and fetal blood flow are sec-
ondary to the pathological changes in the placenta and 
in the uteroplacental circulation. Nevertheless, in our 
resent work the correlation between cytokines (TNF-α 
and interleukin 6) and disturbances in blood flow ve-
locimetry has been detected, in the present study any 
influence of AlwI genetic variant of TNF-α to the Dop-
pler velocimetry in umbilical and middle cerebral arter-
ies and the perinatal outcome was observed. We have 
should, however, note that the number of the patients 
in our investigation was relatively small, and for making 
clear conclusion the subsequent investigations are nec-
essary. We have concluded that the etiology of IUGR is 
probably composed of many elements that act together 
at the same time, thus the problem is more complicated 
and deserves further studies. 

concluSIon

The TNF-α polymorphism AlwI (-238G/A) could play 
a role in etiology of IUGR and influence TNF-α expres-
sion in maternal serum. However, in our study AlwI re-
striction polymorphism of TNF-α gene did not corre-
lated with blood flow Doppler velocimetry in umbilical 
and middle cerebral arteries. The perinatal outcome did 
not correlate with the presence of mutated A allele of 
AlwI restriction polymorphism.
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