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Abstract

Intrauterine growth restriction is a complication of pregnancy with a high probability of perinatal morbidity and mortality. It appears to 
be caused by abnormal development of placental vasculature. Haemostatic processes are important for the development of the placenta, 
and an imbalance between procoagulant and anticoagulant factors has been associated with risk of intrauterine growth restriction. 
Objective. To evaluate coagulation abnormalities in placenta of pregnancies complicated with idiopathic intrauterine growth restriction. 
Materials and methods. Five placentas from pregnancies with idiopathic intrauterine growth restriction were compared to 19 controls. 
We performed gross and histological examination of the placenta. Analysis was made of both mRNA expression by real-time PCR 
and protein by ELISA of tissue factor and thrombomodulin in placental tissue. Results. Results based on histological evaluation were 
consistent with an increased prothrombotic state in placentas from pregnancies with idiopathic intrauterine growth restriction, and 
thrombosis of chorionic vessels was the most important finding. The study showed an increased expression of tissue factor protein 
(p=0.0411) and an increase in the ratio of tissue factor/thrombomodulin mRNA (p=0.0411) and protein (p=0.0215) in placentas from 
pregnancies with idiopathic intrauterine growth restriction. There were no statistically significant differences neither between cases and 
controls in the mRNA levels of tissue factor or thrombomodulin nor at the protein level of thrombomodulin. Conclusion. Evidence of 
alteration of local haemostatic mechanisms at the level of the placenta, including abnormal expression of tissue factor and tissue factor/
thrombomodulin ratio, in pregnancies that occur with idiopathic intrauterine growth restriction is presented.

Key words: intrautherine growth restriction, tissue factor, thrombomodulin, placenta diseases.

Resumen

Alteración de los mecanismos hemostáticos de la placenta en restricción de crecimiento intrauterino idiopático. La restricción 
del crecimiento intrauterino es una complicación del embarazo con alta probabilidad de morbilidad y mortalidad perinatal, que parece 
ser causada por desarrollo anormal de la vasculatura placentaria. Los procesos hemostáticos son importantes para el desarrollo de la 
placenta y el desequilibrio entre factores procoagulantes y anticoagulantes se ha asociado con restricción del crecimiento intrauterino. 
Objetivo. Evaluar el compromiso hemostático en la placenta de los embarazos complicados con restricción del crecimiento intrauterino 
idiopática. Materiales y métodos. Se estudiaron cinco placentas de embarazos con restricción de crecimiento intrauterino idiopática y 19 
controles. Se realizó examen macroscópico e histológico, y análisis de la expresión de factor tisular y trombomodulina a nivel de ARNm 
por PCR en tiempo real y proteínas por ELISA. Resultados. Se evidenció compromiso hemostático en las placentas de embarazos con 
restricción de crecimiento intrauterino idiopática, siendo la trombosis de los vasos coriales el hallazgo histológico más importante. Se 
encontró aumento en la expresión de la proteína del factor tisular (p=0,0411) y en la razón de factor tisular/trombomodulina a nivel de 
ARNm (p=0,0411) y proteína (p=0,0215). No hubo diferencias estadísticamente significativas entre los grupos en los niveles de ARNm 
de factor tisular o trombomodulina, ni de trombomodulina a nivel de proteína. Conclusión. Se presenta evidencia de alteración de los 
mecanismos hemostáticos de la placenta, incluyendo la expresión anormal de factor tisular y de la razón factor tisular/trombomodulina, 
en embarazos complicados con restricción del crecimiento intrauterino idiopática.

Palabras clave: restricción del crecimiento intrauterino, factor tisular, trombomodulina, enfermedades placentarias
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Introduction
Intrauterine Growth Restriction (IUGR) is defined as the 
clinical diagnosis in which the foetus does not reach its 
full potential growth and the final outcome is a decrease in 
body weight, being below the 10th percentile for gestational 
age and sex according to growth charts (1). This condition 
appears to be due, among other causes, to abnormal 
placental vasculature caused by alteration of early events 
in pregnancy and trophoblastic invasion and angiogenesis, 
ultimately leading to placental vascular insufficiency (2). 
The placenta is a highly vascular organ that functions as 
an interface between foetal blood and maternal blood. It 
is the main regulator of human pregnancy that is involved 
in basic functions such as metabolism, nutrient transfer, 
gas exchange and endocrine secretion (2-4). Also it plays 
an essential role in maintaining pregnancy and promoting 
normal embryonic and foetal development (2). Reported in 
the literature are findings in pre-eclampsia and IUGR with or 
without preeclampsia that suggest similar pathophysiological 
mechanisms (4, 5). In pre-eclampsia (PE) and IUGR, the 
trophoblast is proliferative and less invasive, leading to a 
superficial invasion of uterine spiral arteries and therefore 
an increased uteroplacental resistance. Subsequently, 
these events lead to impaired uteroplacental perfusion 
and deficiency in maternal-foetal transport of nutrients 
and oxygen (4). Abnormal vascular structure of placenta 
associated with increased risk of utero-placental thrombosis 
has been described for IUGR (5). The increased turbulence 
in the intervillous space may damage the syncytium and 
increase perivillous fibrin deposition, so both the chronic 
injury of the perfusion of the placenta and/or nutritional 
deprivation could eventually lead to impaired development 
of the villi (5). 

The structure of the placenta requires efficient mechanisms 
for fast and local regulation of coagulation, so that the 
presence of procoagulant and anticoagulant factors produced 
by both endothelial cells and trophoblast is important in 
haemostasis (3). Tissue Factor (TF) is a glycoprotein and 
membrane receptor that plays an important role in mediating 
the cellular initiation of the extrinsic pathway of coagulation 
through the activation of factor VII, which is the main 
coagulation pathway in the placenta (6). The TF also plays 
an important role in the development and maintenance of 
blood vessels as well as in cell signalling and inflammatory 
pathways, and it is probable that it may also play a role in 
the placenta acting on coagulation and as a regulator of 
growth and differentiation of blood vessels (3, 7, 8). The 
abnormal expression of this molecule has been associated 
with PE and is probably involved in IUGR (7). It has been 
shown that in placentas from pregnancies with PE there is 
an increase of TF expression (6, 9, 10). This increase may 
contribute to the formation of fibrin deposition and occlusive 
injuries and may participate in the thrombotic complications 
associated with PE (11). An aberrant expression of TF in 
the decidual endothelium has been reported in IUGR (12).
Thrombomodulin (TM) is a membrane protein that generates 
no covalent complexes with thrombin (13). In placenta, TM 
is expressed in trophoblast and foetal and maternal capillary 
endothelium (14). TM may act as an anticoagulant when 
bound to thrombin and activated protein C, but also as an 
anti-fibrinolytic by activation of the Thrombin-Activatable 
Fibrinolysis Inhibitor (TAFI). High levels of TAFI have been 
associated with thrombotic tendency. This dual effect of TM 
can modulate the growth of the placenta because activated 
protein C regulates the proliferation of the trophoblast and 
an impaired fibrinolytic activity may protect the trophoblast 
of apoptosis induced by fibrin degradation products (3, 8). 

Resumo

Alteração dos mecanismos hemostáticos da placenta em restrição de crescimento intra-uterino idiopático. A restrição do crescimento 
intra-uterino é uma complicação da gravidez com alta probabilidade de morbidade e mortalidade perinatal, que parece ser causada pelo 
desenvolvimento anormal da vasculatura placentária. Os processos hemostáticos são importantes para o desenvolvimento da placenta, 
e o desequilíbrio entre fatores pró-coagulantes e anticoagulantes têm sido associadas com a restrição de crescimento intra-uterino. 
Objetivo. Avaliar o compromisso hemostático na placenta com gestações complicadas com restrição de crescimento intra-uterino 
idiopático. Materiais e métodos. Foram estudadas cinco placentas de gestações com restrição de crescimento intra-uterino idiopático 
e 19 controles. Foi realizada uma análise macroscópica e histológica e análise da expressão do factor tecidual e trombomodulina em 
ARNm por PCR em tempo real e de proteína pelo método de ELISA. Resultados. Foi evidente o compromisso hemostático nas placentas 
de gestações com restrição de crescimento intra-uterino idiopático; a trombose dos vasos coriônicos é o descobrimento histológico mais 
importante. Aumentaram a expressão de proteína do fator tecidual (p= 0,0411) e a proporção do fator tecidual/ trombomodulina ao 
nível de ARNm (p= 0,0411) e de proteína (p= 0,0215). Não houve diferenças estatisticamente significativas entre os grupos nos níveis 
de ARNm do fator tecidual ou trombomodulina, nem de trombomodulina ao nível de proteína. Conclusão. Se apresenta evidência de 
alteração dos mecanismos hemostáticos da placenta, incluindo a expressão anormal de fator tecidual e da proporção do fator tecidual/
trombomodulina, em gestações complicadas com restrição de crescimento intra-uterino idiopático.

Palavras-chave: restrição de crescimento intra-uterino, fator tecidual, trombomodulina, doenças da 
placenta
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Increased levels of TM protein in the vessels of the placentas 
have been reported in IUGR, with statistically significant 
differences compared to the control group (15). There 
are no reports in the literature about Colombian studies 
evaluating the expression of TF and/or TM in placentas 
from pregnancies complicated by IUGR. We present here 
the results of an initial approach in Colombian samples. 
According to previous data in the literature we propose 
that there are changes in local haemostasis in the placenta 
of pregnancies complicated by IUGR.

Finally, it is necessary to study the mechanisms involved 
in alterations of the placenta, especially in the generation 
of thrombo-occlusive injuries in IUGR since the new 
knowledge produced may allow a better understanding of 
the pathophysiology of IUGR and may improve management 
and prognosis of affected foetuses (2). 

Materials and methods 

Sample collection

A case control type study was conducted with pregnant 
women in their third trimester whose pregnancies coursed 
with idiopathic IUGR and pregnant women with healthy 
foetuses and without pregnancy complications, assisted 
by the Department of Gynecology and Obstetrics of the 
Hospital Universitario San Ignacio in Bogotá (Colombia), 
between November 2009 and December 2010. The 
inclusion criteria were patients with ultrasonographic 
diagnosis of IUGR (estimated foetal weight below the 
10th percentile for gestational age and sex), according 
to the WHO (World Health Organization) criteria, and 
small for gestational age newborn (neonate’s birth weight 
below the 10th percentile for gestational age and sex) with 
no apparent aetiology (16). We excluded patients with 
ultrasonographic diagnosis of IUGR who were small for 
gestational age with known cause, foetus / newborn with 
major foetal malformations or diagnostic impression of 
genetic disease, pregnant women with prothrombotic 
conditions, and those who expressed their desire not to 
participate in the study. The study was approved by the 
Committee for Research and Bioethics of the Medical 
School of the Pontificia Universidad Javeriana, which 
meets the guidelines established in the Declaration of 
Helsinki of 1975 and amended in 2004. All participants 
filled out a voluntary informed consent. A triangular 
sample of tissue of paracentral placenta was taken that 
was about 2 cm on each side immediately after delivery 
and stored in a 2.0 ml tube with 500 µl of RNA Later 
(Qiagen, Chatsworth, CA) at -40°C until processed.

Anatomical-pathological study 

After taking the above mentioned samples, a foetal 
pathologist performed a conventional study of the placentas, 
observing all segments. Three plate cuts were taken 
with chorion and decidua far from the edge, randomly 
but including thicker and thinner areas, two roll cuts of 
membranes and two cuts of cord. Paraffin- embedded 
placental tissues were stained with hematoxylin-eosin. 
Macroscopic and microscopic evaluation of the placenta 
was aided by filling out a checklist with (a) macroscopic 
parameters: insertion and length of the cord, number of 
vessels in the cord, placental weight, presence of hematoma 
on the maternal surface, coloration of fetal surface, 
placental thicknesses, maternal infarction, insertion and 
color of fetal membranes and number of cotyledons; (b) 
microscopic parameters: changes of decidual vessels, 
location of fibrinoid depositions, location of placental 
hematoma, location and age of thrombus, number of 
villi vessels, presence of normoblasts and necrosis in 
the villi. The pathologist was blinded to foetal diagnosis 
and molecular results for histopathologic evaluation. 
We determined the percentage of deposits of fibrin 
thrombi in the foetal circulation, the vascular alterations 
in the maternal vessels and changes in chorionic villi; 
additionally, there were other changes that could be found.

Extraction and quantification of proteins 
Quantification of TF and TM proteins was performed by 
ELISA (enzyme-linked immunoassay) with the IMUBIND 
® Tissue Factor ELISA kit and thrombomodulin IMUBIND 
® Kit (American Diagnostica Inc, Framingham, MA, 
USA) following the manufacturer’s recommendations. 
Briefly, 75 mg of frozen tissue were weighted and 
pulverized, then 1.8 ml of TBS at pH 8.5 were added, and 
0.2 ml of 10% Triton x-100 (Sigma-Aldrich, St. Louis, 
Missouri, USA) in TBS at pH 8.5 were finally added.  
The mix was stirred for 12 hours at 4°C. The suspension 
was centrifuged at 100,000 rpm for 60 minutes at 4°C 
to remove cellular debris. Extraction and quantification 
of total protein was performed with the GeneQuant pro 
(Amersham Bioscience, Piscatoway, NJ, USA) equipment 
and aliquoted in portions of 100 µl. Thereafter, the 
extracted proteins were incubated in wells with capture 
antibodies. After capture, the TF or the TM was detected 
using a biotinylated antibody that specifically binds to the 
target protein. Subsequently horseradish peroxidase was 
added conjugated with streptavidin (HRP) to complete the 
complex formation of antibody-enzyme detection. The 
levels of TF and TM were determined by measuring the 
absorbance at 450 nm and determining the values   using a 
standard curve. Concentrations are reported as pg / mg of 
total protein.
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RNA extraction and real time PCR 
(qRT-PCR) 

After weighing 75 mg of tissue, total RNA was extracted from 
placental tissue using Trizol (Invitrogen Life Technologies, 
Carlsbad, CA, USA) by modifying the manufacturer’s 
instructions. Briefly, 75 mg tissue were added to 500 µl of 
lysis solution (0.025M EDTA, SDS 2%) + 16 µl of proteinase 
K (20 mg / ml) (Sigma-Aldrich, St. Louis, Missouri, USA) to 
ensure cell lysis and release of RNA and allowed to incubate 
at 56°C for 48 hours. Then, 1 ml of TRIzol LS (Invitrogen 
Life Technologies, Carlsbad, CA, USA) was added and 
incubated at room temperature for 5 minutes. Later, 200 µl 
of chloroform (Sigma-Aldrich, St. Louis, Missouri, USA) 
were then added, with vigorous stirring and the mixture 
was allowed to incubate at room temperature for 3 minutes. 
It was then centrifuged at 13,500 g for 15 minutes at 4°C. 
The aqueous phase was passed to another tube and 500 
µl of isopropyl alcohol were added and then washed with 
500 µl of 75% ethanol. The substance was resuspended 
in 50 µl of DEPC water, and was incubated at 56°C for 
10 minutes. It was quantified by spectrophotometry in a 
GeneQuant pro spectrophotometer (Amersham Bioscience, 
Piscatoway, NJ, USA) and 5 µg of RNA was incubated with 
5U of DNase I (Epicentre, Madison, WI, USA) at 37°C 
for 30 minutes. The result was then re-quantified to ensure 
the removal of DNA. The substance was finally stored at 
-40°C. One microgram of total RNA was used for reverse 
transcription with random primers using the kit ImProm-
II Reverse Transcription System (Promega, Madison, 
WI, USA). LigthLycler thermocycler was used (Roche 
Applied Bioscience, Indianapolis, IN, USA) with SYBR 
Green system (LigthCycler FastStart DNA Master SYBR 
Green I kit, Roche) and software for quantification of 
Lightcycler 4.1 (Roche Applied Bioscience, Indianapolis, 
IN, USA). The PCR was performed in a reaction volume 
of 20 ml with 5 µl of sample, 1.5 mM MgCl2, 1x buffer 
and 0.25 mM of primers, following the manufacturer’s 
recommendations. The PCR was performed using the 
following initial denaturation parameters: 95˚C for 10 min 
45 cycles of denaturation: 95˚C for 10 seconds, annealing 
depends on the primers (TF and TM: 62°C. GAPDH: 

60°C) for 10 seconds, elongation: 72˚C for 10 seconds 
and melting curve: 60-90˚C. The sequences of the primers 
are: TF: forward AATGTGGAGAGCACCGGTTC 
reverse CGTTCATCTTCTACGGTCACATTC TM: 
forward: TAACGAAGACACAGACTGCGATT, 
reverse: CTAGCCCACGAGGTCAAGGT; GAPDH: 
forward: CACGGCAAGTTCAACGGC, reverse: 
GGTGGTGAAGACGCCAGTA. An absolute quantification 
analysis was performed of TM and TF gene expression 
normalizing with the GAPDH gene. The calibration curve 
was made from the PCR product purified with the Wizard 
® SV Gel and PCR Clean-Up System (Promega, Madison, 
WI, USA), the concentration of copies was calculated 
according to Overbergh et al. (17). Serial dilutions were 
performed with a range from 1x107 to 1x101 copies. Each 
sample was analyzed in duplicate and each analysis was 
mounted in a negative control in which cDNA instead of 
water was placed.

Statistical analysis 

Comparison of medians was performed with the Mann-
Whitney test and comparison of frequencies with a binomial 
exact test. We considered statistically significant difference 
when p value was less than 0.05. We used Stata 9.1 and 
GraphPad Prism 4 softwares.

Results

Characteristics of the study population 

We assessed 5 cases and 19 controls. For this study, women 
who underwent caesarean section were selected to avoid 
labour-related haemostatic changes. As for the characteristics 
of the study population, 60% of the cases were classified 
as symmetrical IUGR and 40% as asymmetric IUGR, 80% 
were below the 5th percentile for gestational age, 40% had 
abnormal Doppler ultrasound of the flow in uterine arteries. 
In 60% of the cases, they were women and 40% were men, 
the controls showed that they were 63.16% and 36.84% 
respectively. Other characteristics are presented in table 1.

Table 1. Description of the study population

Maternal age (years) Gestational age (weeks) Weigth at birth (g) Size at birth (cm)

Cases 29.00 (20-34)* 37.00 (31-40) 2145.00 (895-2775) 47.00 (33-48)

Controls 29.00 (22-38) 38.00 (37-42) 2965.00 (2470-3460) 48.00 (45-52)

P value 0.5678 0.2239 0.0062 0.1285

          *Data are presented as median (min-max range) of each variable.



183

Abnormal placental haemostasis in intrauterine growth restriction

Histopathological findings 

The macroscopic analysis showed that all cords had three 
vessels. As for the weight of the placenta, the median of 
the cases was 460 g (range: 290-475) and of controls was 
470 g (390-610), with no statistically significant difference 
(p=0.3731). Regarding the index of the placental weight/ 
birth weight ratio, it was 1/4.65 (Range: 1/3.09-1/5.78) 
and controls were 1/6.12 (1/5.49-1/8.09), with statistically 
significant differences (p=0.0020). As for the microscopic 
analysis, it showed an increase of chorionic vessel thrombosis 
in the placentas of the cases compared with controls, with 
statistically significant differences. The analysis of the 
simultaneous occurrence of chorionic vessel thrombosis and 
increased perivillous deposits showed statistically significant 
differences. There were no decidual arteriopathies, massive 
deposits of fibrin on the maternal floor or villous necrosis 
in any of the cases and controls (Table 2, figure 1).

Protein evaluations for TF and TM 

TF expression in the cases was 2.36 fold higher than in 
controls. The median concentration of TF in the cases 
was 2,244.75 (Range: 933.74-3585.72) pg/mg protein and 
952.70 (Range: 360.69-5721.59) pg/mg protein in controls, 
with statistically significant differences (p=0.0411). The 
concentration of TM protein in the cases was 2,865.82 
pg/mg and in controls was 3,701.10 pg/mg, but showed 
no statistically significant differences (p=0.3491). TM 
expression at protein level in the control group was 1.29 

fold that of the cases. The ratio in concentrations of TF and 
TM (TF/TM) in placental extracts was 0.90 in the cases and 
0.24 in controls, with statistically significant differences 
(p=0.0215). There was an increase of the TF/TM ratio of 
3.69 fold in the cases respect to the controls (Figure 2).
 

TF and TM mRNA assessment 

The cases showed 1.76 fold more expression than the controls. 
The median of TF mRNA by relative quantification was 
0.66 (Range: 0.11-2.82) in the cases and in the controls it 
was 0.38 (Range: 0.02-1.43), with no statistically significant 
differences (p=0.3491). As for the relative expression of 
TM, for controls it was 6.65 fold the expression of GAPDH, 
whereas in the cases it was 4.73 fold the expression of 
GAPDH, demonstrating expression of TM in controls 1.41 
fold greater than the expression of cases, with no statistically 
significant differences (p=0.4436). The relationship in 
concentrations of TF and TM (TF/TM) mRNA levels in 
placental extracts of the cases was 0.23 and 0.05 in controls; 
there was an increase in the TF/TM ratio which was 4.68 
fold higher in the cases compared to the controls, with 
statistically significant differences (p=0.0411) (Figure 3).

 Discussion

IUGR is a complication of pregnancy whose study generates 
great interest in the medical and scientific community 
due to its importance in perinatal morbidity and mortality 

Table 2. Microscopic findings in the histopathological evaluation of the placenta.

Finding Cases
n (%)

Controls
n (%) p value

Vascular thrombosis 4 (80.0) 6 (31.6) 0.0390

Chorionic vessel thrombosis 4 (80.0) 4 (21.1) 0.0081

Thrombosis of cord vessels 0 (0.0) 3 (15.8) 1.0000

Increased perivillous fibrin deposits* 3 (60.0) 4 (21.1) 0.0663

Placental haematoma 1 (20.0) 2 (10.5) 0.4263

Normoblasts 4 (80.0) 9 (47.4) 0.1562

Leukocyte stasis 2 (40.0) 2 (10.5) 0.0891

Syncytium hyperplasia 2 (40.0) 6 (31.6) 0.5038

Edema 2 (40.0) 4 (21.1) 0.2843

Cyst X 1 (20.0) 4 (21.1) 0.6932

>10 villous vessels 1 (20.0) 1 (5.3) 0.2367
Chorionic vessel thrombosis + increased perivillous 
fibrin deposits 3 (60.0) 2 (10.5) 0.0098

        * Defined as more than 15%



García-Robles, et al184

Universitas Scientiarum, 2012, Vol. 17 N° 2: 179-188

Figure 1. Histopathological findings of an IUGR placenta in paraffin- embedded tissue. a. Perivillous deposits of fibrin. b. 
Chorionic vessel thrombus. Hematoxylin-eosin staining, X40.

Figure 2. Protein levels measured in placentas from the cases and the controls. The results are expressed in pg/mg of total 
protein. TF (left), TM (middle) and TF / TM ratio (right). *p value<0.05.

Figure 3. Relative expression of mRNA measured in placentas from cases and controls. TF (left), TM (middle) and TF/TM 
ratio (right) with respect to GAPDH. *p value<0.05.
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(18). The difference in the placental weight/birth weight 
ratio between cases and controls, together with the finding 
that indicates no differences in placental weight between 
the groups tested, shows compromise of foetal growth but 
does not compromise the placenta; it is worth noting that 
the ratio found in controls is similar to that reported in 
the literature as normal (1/5 to 1/6) (19). Chorionic vessel 
thrombosis was the main microscopic finding instead of 
the increased perivillous fibrin deposits as described in the 
literature. Although fibrin deposits on the syncytial surface 
are physiological and are also critical components in the 
repair and differentiation of villi, increased perivillous fibrin 
deposits are frequent findings in pregnancies complicated 
by PE or IUGR, and this increase in fibrin deposits could 
be related to decreased transport of nutrients from mother 
to foetus (20). In these diseases, it is also common to find 
placental vascular lesions, findings that could be related to its 
pathophysiology (18). In our study, therefore, pathological 
findings demonstrate the local haemostatic compromise that 
has been described in the literature.

In placenta, the trophoblast cells are characterized by 
elevated expression of coagulation components, such as 
TF and TM, which are not only involved in hemostasis, but 
also in the differentiation of blood vessels of the placenta 
(21). During pregnancy, the placenta is a major source 
of TF, as it has been possible to find high levels of this 
protein in extracts of placental tissue and amniotic fluid 
(3). The presence of large amounts of ready-to-use TF 
appears to be relevant to the maintenance of haemostasis 
in the placenta, but may predispose to placental vascular 
complications (21). Currently, it has been suggested that 
reduced uteroplacental blood flow causes decidual hypoxia 
generating Vascular Endothelial Growth Factor (VEGF) 
in the perivascular decidua (22); excessive VEGF induces 
the expression of TF mRNA and protein, and this increase 
stimulates thrombin generation. Thrombin exacerbates this 
process by generating greater TF expression, thus promoting 
uteroplacental thrombosis and inducing the production of 
inflammatory cytokines and abnormal angiogenesis, which 
ultimately lead to foetal loss, PE, IUGR and placental 
abruption (7). There is evidence for this hypothesis; for 
example, Chinni et al. found an association between levels 
of TF and VEGF in placentas from pregnancies with PE 
(23). Additionally, in the blood vessels in the basal plate 
of placentas from pregnancies with low birth weight and 
maternal uteroplacental malperfusion evidence reported an 
increase in TF compared with placentas from pregnancies 
with low birth weight associated with chronic villitis or 
normal pregnancies; however, these results correspond 
to immunohistochemical analysis and p value is not 
reported (12). Furthermore, an increased expression of TF 
mRNA in the vascular endothelium of the basal decidua of 

pregnancies complicated by preeclampsia with IUGR has 
been also reported (24). In our study, statistically significant 
differences were found between groups at the TF protein 
but not at mRNA level. These conflicting results may be 
due to two causes, among others: first, it has been reported 
that TF mRNA is rapidly degraded because it has AU-rich 
regions in 3’-end, which have been associated with rapid 
degradation of RNA (25); the second explanation is that 
post-transcriptional modifications may occur to regulate 
protein synthesis.  However, the findings from this study 
plus those reported in the literature suggest that there is 
altered expression of TF in placenta of IUGR complicated 
pregnancies (7).

Otherwise, the most important anticoagulant pathway in the 
placenta is mediated by TM (26). Bosco et al. (27) suggest 
that TM plays an important role in preserving the role of 
stromal myofibroblasts in villous contractility and modulation 
of the intervillous spaces affecting both foetal and maternal 
circulation (28, 29). These results suggest that in PE, the 
decrease in blood flow may be due to functional impairment 
and structural villous vessel endothelium, whereas increased 
expression of TM and perivascular stromal myofibroblasts 
surrounding the villi could have a compensatory effect of 
prothrombotic changes and modulate blood flow in the foetal 
villous tree (27). The results of our study are consistent 
with those reported by Wienhard et al., who showed by 
immunohistochemistry an increased expression of TM in 
chorionic vessels of placentas in pregnancies complicated 
with IUGR (15).

It is worth noting that both TF and TM, the expression 
analysis of mRNA, normalized with GAPDH as standard 
housekeeping gene and non-normalized, showed a positive 
correlation of 0.84 and 0.83, respectively (p <0.0001 for 
both). This result suggests that the sample processing and 
experimental protocols did not interfere with the results.

Furthermore, since 1993 publications have been showing 
the relationship between the regulatory mechanisms of 
the expression of TF and TM in different in vitro models. 
In 1993, Bartha et al. showed that thrombin regulates the 
expression and activity of TF and TM in endothelial cells 
of human saphenous vein (25). Koyama et al. reported 
that trans retinoic acid increases the expression of TM 
and reduces TF expression in human leukemia cells (30). 
These findings suggest that TF and TM share regulatory 
mechanisms. Similarly, in 1999 Zhu et al. reported that 
the procoagulant activity of human leukemia cells was 
dependent on the amount of protein from TF, but principally 
because of the ratio in the amount of TF and TM antigens 
on the cell membrane (TF/TM) (31). These findings that 
indicate the relationship between TM and TF expression 
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and its role in cellular procoagulant activity encouraged us 
to analyze the TF/TM ratio at mRNA and protein level. On 
this point, the results found in our study with the evidence 
described above, suggest that the TF/TM ratio could serve as 
a marker, possibly better than the individual results of local 
compromise of the major procoagulant and anticoagulant 
mechanisms in the placenta of pregnancies that occur with 
idiopathic IUGR. It is also important to note that studies on 
the expression of TF and TM using samples of placenta of 
pregnancies complicated by preeclampsia showed similar 
results to those reported here for idiopathic IUGR (Ayala P, 
Garcia-Robles R, Bermúdez M, Bernal J, Fornes A, Illanes 
S. Unpublished data).

There are no reports in the literature showing compromised 
TF expression in placentas with idiopathic IUGR. Likewise, 
we did not find reports of studies evaluating the ratio TF/
TM, so this is the first study that shows alteration of this 
ratio in IUGR placentas.

Although the stringent selection of cases and controls was 
a restraint for a larger sample size, it is also true that the 
introduction of confounding variables was better controlled. 
We recommend increasing the sample size while maintaining 
rigor in the selection of cases and controls for a better 
estimation of the variables and their role in IUGR. However, 
it should be noted that despite the small sample size and 
analysis with non-parametric tests we found statistically 
significant differences that suggest alteration of local 
haemostasis with involvement in the expression of TF and 
TF/TM ratio in placentas of pregnancies complicated by 
IUGR. Additionally, we propose immunohistochemical 
studies to identify and evaluate differences in expression 
of TF and TM, as well as in vitro studies of trophoblast 
under hypoxic conditions to evaluate expression at mRNA 
and protein levels.

Conclusion
The evidence suggests that there are alterations in haemostatic 
mechanisms in the placentas of pregnancies occurring 
with IUGR, but more studies are needed to elucidate how 
early these changes occur and whether they could serve as 
early markers of development of IUGR, and consider the 
implications that these findings have for proposals in the 
prediction and prevention, as well as an adequate and timely 
management of IUGR. In PE it has been described that 
treatment with low doses of aspirin reduces the incidence in 
women at high risk (32) and it is possible that this and other 
strategies to treat the imbalance in coagulation in IUGR also 
may have a beneficial impact. It is worth noting that despite 
the difficulties inherent in such studies as sampling and its 

performance, positive and relevant results were achieved 
to get a better understanding of the pathophysiological 
mechanisms involved in idiopathic IUGR. These results 
encourage us to continue this research and get a better 
estimation of these parameters. Finally, we believe the study 
of the role of TF, TM and the TF/TM ratio in pathologies 
such as IUGR and PE could generate knowledge about their 
pathophysiology with a potential impact on prevention, 
diagnosis, prognosis and treatment of these diseases.
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