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malperfusion, secondary to deficient spiral artery conversion into 
low resistance high-flow vessels in the endometrium [6], leading 
to an increase in the formation of reactive oxygen species [3,7,8] 
that finally leads to the development of oxidative stress associated 
with endothelial dysfunction, abnormal levels of nitric oxide (NO), 
aberrant angiogenesis and increased placental apoptosis [9-11]. 
Additionally, Hung, et al. [9] proposed that the cause of the oxidative 
stress in the placenta is an injury of the ischemia-reperfusion type. 
Recent studies suggest that PE could be triggered by disorders in 
the folding of proteins in the endoplasmic reticulum (ER) of the 
syncytiotrophoblast (ST), which results in amyloid deposits in this 
organelle [12-14]. Due to the fact that several proteins share the 
property of conforming as antiparallel beta-sheets, and forming 
insoluble amyloid fibrils that deposit in the organ/tissue causing 
systemic amyloidosis, PE is considered to be one of the so called 
“conformational diseases” [12-14].

It is known that in order to fulfill its physiological functions, a 
protein must be correctly folded in its secondary structure, given by 
the folding determined by aminoacid residues in close proximity in 
the polypeptide chain, thus facilitating the formation of hydrogen 
bonds between the nearby carbonyl (-CO-) and amino (-NH-) 
groups. There are two types of protein secondary structure, the 
alpha helix configuration and the beta sheet folding. The latter is 
stabilized by intermolecular interactions, in the tertiary structure, 
that eventually constitutes oligomers, proto-fibrils and fibrils, which 
accumulate forming amyloid deposits in the extracellular matrix 
and/or in the cytoplasm, thereby affecting normal tissue function 
[15-17]. An example of this is the toxic deposit of amyloid -beta A 
(Aß) in Alzheimer’s disease [14] and the amyloid polypeptide (IAPP) 
deposits in beta cells of the pancreatic islets in Type 2 diabetes, to 
name a few of these pathologies [18]. Protein misfolding generates 
insoluble, proteolysis resistant structures, with the subsequent loss of 
its physiological function or the generation of toxic compounds that 
cause pathological events.

The ER is the organelle where secreted or membrane proteins 
are synthesized. They are secreted once the processes of folding, 
glycosylation and formation of bi-sulfide bonds are completed. 
Normal folding requires the nascent protein to be maintained in the 
ER lumen, where it is attached to a Ca+2 -dependent chaperone [19]. 
For this reason, the lumen of the ER contains a large amount of Ca+2 
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Introduction
PE is a pregnancy pathology affecting 3-5% of pregnancies, 

associated with both maternal and fetal morbidity and mortality 
[1]. Its etiology is unknown, although it has been postulated that its 
cause is related to the placenta [2] due to the fact that the symptoms 
disappear once the organ is expelled [3]. So far, there is no treatment 
for PE. The mother develops proteinuria, edema and experiences 
a rise in blood pressure [4], affecting normal fetal development. 
Currently, the only possible treatment for this disease is early delivery 
with the consequent birth of premature infants [5].

To date, the studies on PE have shown a relationship with placental 

Abstract
Recently preeclampsia (PE) has been linked throught molecular 
evidence to endoplasmic reticulum (ER) stress in the placenta. 
In this organ ER stress is generated due to placental oxidative 
stress as a consequence of malperfusion secondary to deficient 
spiral artery remodeling. Immunohistochemistry and ultrastructural 
analysis were used to study tissue specimens from 14 term 
placentas: 4 normal, 4 PE, 3 intrauterine growth restriction (IUGR), 
and 3 PE+IUGR. Antihuman Amyloid A mouse monoclonal antibody 
(AA) and antihuman mouse monoclonal antibody to active caspase 
3 were used in the immunohistochemistry study. Ultrastructural 
analysis was also performed by transmission electron microscopy. 
We found that cytotrophoblast (CT) apoptosis was increased in 
presence of amyloidosis. In IUGR placentas, amyloid deposits were 
located on the trophoblast basal lamina and were not observed into 
the cytoplasm of the syncytiotrophoblast (ST); in PE amyloidosis 
was evidenced throughout the cytoplasm of CT and ST cells, 
with expulsion of ST microparticles into the maternal blood. In 
PE+IUGR condition, amyloid deposits were observed similar to 
PE but reaching as far as the fetal endothelium. Additionally we 
found presence of activated caspase 3 in the CT and ST of PE 
placentas. We propose that the degree of CT apoptosis regulates 
the fate of the amyloid deposits produced by ER stress in the ST. 
The morphological and immunohistochemical evidence provided in 
this work support the inclusion of PE in the group of conformational 
or protein misfolding diseases.
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ions which accumulates at expense of an active transport process 
regulated by Ca2+ -ATPase. In addition, the ER lumen must also 
provide an oxidative environment in order to promote the formation 
of disulfide bonds, [14,20-23]. The accumulation of misfolded protein 
in the ER lumen has been defined as ‘ER Stress’ [20,24,25]. Such 
stress is caused by dysregulation of the ER homeostasis as a result 
of extracellular stimuli, which in turn results in an accumulation of 
these misfolded proteins inside the ER, thus causing blockade of the 
protein migratory way to the Golgi apparatus. As a consequence, 
a cellular response known as Unfolded Protein Response (UPR), 
widely described in the literature [23,25-27] is activated. The UPR 
has two main objectives: (i) First, to regain normal cell function by 
stopping protein translation and activating signaling pathways that 
allow an increase in the production of molecular chaperones involved 
in the process of protein folding. So, the initial aim of the UPR is to 
resolve the defect and to restore ER homeostasis; (ii) Secondly, if the 
cell does not reach the first goal in a certain period of time, or if the 
problem persists, the UPR triggers cellular apoptosis [28-32]. PKR-
like endoplasmic reticulum kinase (PERK) is an ER protein, usually 
inactive, whose function is to sense protein misfolding. However, 
before the accumulation of misfolded proteins, PERK is activated by 
dimerization and autophosphorylation [27]. The activation of PERK 
results in phosphorylation of the alpha subunit of the eukaryotic 
initiation factor 2 (eIF2α), which quickly blocks protein translation, 
thus reducing the protein burden within the ER.

It has been shown that the activation of the UPR in placentas 
with IUGR and IUGR+PE triggers an increased phosphorylation of 
eIF2α in both pathological conditions, compared to normal controls, 
reaching the greatest extent in IUGR+PE placentas [23,31]. These 
authors concluded that although ER stress and the activation of the 
UPR was evident in IUGR and PE+IUGR placentas, the response 
was far more extensive in the latter, which was associated with the 
increased apoptosis observed in IUGR+PE trophoblast and the 
consequent release of microparticles to the blood hematic chamber 
[31,33]. Additionally, it has been shown in vitro by Yung, et al. 
[24] + that ER stress exacerbates the ischemia/reperfusion induced 
by apoptosis through attenuation of the Akt protein synthesis in 
human choriocarcinoma JEG-3 cells used as a model for placental 
trophoblast.

Substantiated on the body of evidence provided, the aim of 
this study was to analyze placentas from women suffering from 
IUGR, PE and PE+IUGR versus control placentas by two lines 
of approach: i) transmittion electron microscopy (TEM) level, ii) 
immunohistochemistry using mouse monoclonal antiamyloid A 
(AA) antibody and mouse monoclonal antibody to active-Caspase 
3, in order to evidence possible areas of accumulation of amyloid 
deposits in pathological placentas and the degree of apoptosis in both 
the CT and the ST.

Material and Methods
This study was conducted on a group composed of 14 pregnant 

women enrolled for prenatal care in the Department of Obstetrics 
and Gynecology, University of Chile Clinical Hospital. Four groups, 
composed of i) 4 PE, ii) 3 IUGR, iii) 3 IUGR+PE and iv) 4 control 
women were included, in accordance with our previous classification 
[34]. Briefly, the criteria for the inclusion in the PE group required 
the participants to be healthy prior to pregnancy, with no history of 

hypertension, diabetes or renal dysfunction. PE parameters have been 
previously defined [35] based on the classification of the American 
College of Obstetrics and Gynecology. Hypertension and proteinuria 
levels were required to return to normal values after delivery. 
The criteria for the inclusion in the control group was normal 
pregnancy, defined as a pregnancy in which the mother had normal 
blood pressure, absence of proteinuria, and no previous medical 
or pregnancy complications. Exclusion criteria for the control 
group included: chronic diseases such as diabetes mellitus, known 
chronic hypertension, major fetal abnormalities, placental tumor, 
intrauterine infection, twin pregnancies, obstetric pathologies other 
than spontaneous preterm delivery and maternal disease, malignant 
neoplasia, dyslipidemia, obesity or others pathologies known to cause 
alterations in the biochemical parameters of oxidative stress and/or 
endothelial dysfunction. IUGR was defined as neonatal weight below 
10th percentile for the Chilean population [36]. Clinical data of the 
participants in the present study are shown in table 1.

Placentas were obtained immediately after delivery. Samples 
from 4 human term normal placentas, 4 PE, 3 IUGR and 3 IUGR+PE 
placentas were routinely processed for immunohistochemical assay 
as previously reported [34]. Briefly, for the amyloid determination, 
mouse monoclonal Anti- human Amyloid A (AA), 1:100 (v/v) 
(DAKO, Code Nº 0759), and mouse monoclonal anti-human active 
Caspase 3 (CPP 32), 1:50 (v/v), (Novocastra JHM62) were separately 
applied to histological sections for 30 min at 37ºC. Immunostaining 
was revealed using the horseradish peroxidase-labelled streptavidin 
biotin kit (DAKO, USA), according to the manufacturer’s directions, 
using 3, 3’diaminobenzidine (DAB) as chromogen. In negative 
controls the antibody was omitted. In addition, small tissue samples 
from the same placentas were routinely processed for TEM as 
previously described [37]. Women included in the study were 
required to sign an informed consent form and all procedures 
were performed according to protocols approved by the local ethic 
committees of the Faculty of Medicine of the University of Chile and 
the Clinical Hospital.

Results
Control placentas

Control samples treated with immunohistochemistry for AA 
antibody, showed no amyloid expression in ST nor in CT cells 
(Figure 1A); this was only evidenced in stromal areas, where the 
amyloid was intermingled with fibrinoid deposits (data not shown). 
Control samples treated with anti-active Caspase 3 antibody showed 
positive reaction only in the ST (Figure 2A).

These results are consistent with the aspect of the ER observed 
at TEM level, that our control samples evidenced normal cisternae 
in the ST of the exchange villi (Figure 3A), where the presence of 
an underlying CT, displaying normal cytological features was also 
observed.

IURG placentas

All IUGR cases showed a positive reaction to the AA antibody 
at the basal lamina level of the trophoblast stem and exchange villi, 
although less marked in the latter (Figure 1B). These amyloid deposits 
revealed the tortuous arrangement of the basal lamina between the 
epithelium and the underlying stroma. A positive reaction to the AA 

Table 1: Clinical characteristics of the participant patients.

Control (n = 4) IUGR (n = 3) PE (n = 4) PE+IUGR (n = 3)
Gestational age 38.48 ± 1.68 37.17 ± 2.35 32.10 ± 3.61* 32.70 ± 3.01
Maternal age 34.00 ± 3.92 27.33 ± 4.16 24.00 ± 4.24* 29.67 ± 1.15
Newborn weight 3460.0 ± 743.8 2246.7 ± 325.8 2045.0 ± 767.0* 1339.3 ± 339.1*

Newborn sex (M/F) 2/2 1/2 0/3 2/1
C-section (y/n) 3/1 2/1 4/0 4/0
Primipara (y/n) 0/4 2/1 2/2 1/2

Data are expressed as mean ± SD, *p < 0.05 versus Control, One-way analysis of variance (ANOVA) and Dunnett’s methods were used for normally distributed 
continuous variables.
Gestational age expressed in weeks; Maternal age in years; Newborn weight in grams. (M/F) = Male/Female; C-section (y/n) = Caesarean-sections (yes/no).
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Figure 1: Immunohistochemistry of human placental barrier. (A) Expression of the anti-Amyloid A mouse monoclonal antibody in control placenta, displaying no 
immunohistochemical reaction in the trophoblast epithelium (CT and ST), the endothelium and stroma. Terminal stem villi (sv) and exchange villi (ev); (B) Expression 
of the same antibody in IURG placenta displaying positive immunohistochemical mark. Note that in this case only the basal lamina of the trophoblast of the stem villi 
evidence a very intense reaction (arrow in inset). Stem villi (sv) displaying an arterie (a) and exchange villi (ev) showing a blood capillar (c); (C) Expression of the 
same antibody in PE placenta, displaying positive mark in the ST cytoplasm (am) and in the CT cytoplasm (arrow in inset), and the syncytial nots (thick arrow); (D) 
Expression of the same antibody in PE-IURG placenta, displaying an apoptotic CT (thick arrow in inset) and intense amyloid deposits (am) in the ST of stem villi (sv) 
and exchange villi (ev) in cellular debris in the maternal space (asteriks) and in the endothelium of the fetal vessel (arrow) of a stem villi (sv); (E) Placenta from the 
normotensive pregnancy group showing negative control anti Amyloid A staining. The negative control was incubated with no primary antibody.
Antibody working dilution 1:100. Calibration bars 50 µm.

         

Figure 2: Immunohistochemistry of human placental barrier. (A) Expression of the anti-active Caspase 3 antibody in control placenta displaying immunohistochemical 
reaction in the ST (arrows); (B) Expression of the same antibody in PE placenta displaying a positive immunohistochemical mark in two CT cells (ct) and in the ST 
(st); (C) Placenta from the PE pregnancy group showing negative control for active-Caspase 3 staining. The negative control was incubated with no primary antibody 
in a PE sample.
Antibody working dilution 1:50. Calibration bars 50 μm.
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antibody was also observed in areas with stromal fibrinoid deposits, 
as was also noticed in the control (data not shown). No amyloid 
intracytoplasmic deposits were evidenced in the ST.

TEM level analysis of IUGR placentas evidenced that the exchange 
villi ST showed dilated ER cisternae and an underlying CT displaying 
normal cytological features (Figure 3B).

PE placentas

The immunohistochemistry analysis showed the presence of 
amyloid deposits in the stroma that, in a similar way to the IUGR cases, 
was also mixed with fibrinoid deposits in the stem chorionic villi. It 
should be emphasized that in PE placentas both the ST and CT of 
the chorionic exchange and the stem villi showed intracytoplasmatic 
amyloid deposits (Figure 1C). In addition, in almost all the syncytial 
nodes presented in the hematic chamber, unusual AA deposits were 
evidenced (Figure 1C). PE placentas treated with the anti-active 
Caspase 3 antibody showed positive reaction both in the CT and the 
ST (Figure 2B).

The TEM study showed that the ER displayed dilated cisternae in 
the ST, as usual. Surprisingly, such dilated cisterns were also observed 
in the CT, in concomitance with a significant decrease in the ST apical 
microvilli (Figure 3C).

PE+IUGR placentas

The immunohistochemistry study confirmed that PE+IUGR 
placentas showed the presence of amyloid deposits in the interior of 
the stem villi (endothelium) and in the ST of the stem and exchange 
villi. Furthermore, marked amyloid deposits in the cytoplasm of the 
ST stem villi were also observed. Such deposits were considerably less 
abundant in the exchange villi, especially in areas where extremely 

thin ST was evidenced, accompanied by abundant detachment of 
irregular syncytial debris in the hematic chamber. In these samples 
the amyloid deposits were also observed at the level of the fetal 
endothelium.

The TEM analysis revealed exchange villi in advanced stages of 
apoptosis, with detachments of the apical region of the ST towards 
the hematic chamber, the latter probably in conjunction with 
amyloid deposits accumulated in dilated and irregular ER cisternae, 
indicating the detachment of large quantities of ST microparticles and 
aponecrotic or inmature knots, in agreement with previous reports 
[38,39]. In addition, an underlying CT with a complete apoptotic 
aspect (Figure 3D) was also observed.

Discussion
The results reported here indicate that using immunohistochemistry 

and the primary anti-amyloid A antibody (Figure 1B, Figure 1C and 
Figure 1D) we have identified for the first time the presence of these 
amyloid deposits in specific areas of stem and exchange villi in placentas 
with either IUGR, PE or PE+IUGR. It is noteworthy that in the cases of 
IUGR, the amount of amyloid deposits in the exchange villi decreases 
as the branching of this type of villi are located far away from the stem 
villi. We therefore postulate that the amount of amyloid deposits varies 
accordingly with the specific type of pathology. From our point of view, 
these deposits are related to the placental ER stress, which is supported 
by the evidenced obtained at TEM level (Figure 3B, Figure 3C and Figure 
3D). Our results are consistent with the study of Yung, et al. [31], who 
also observed ST cistern dilation in IUGR and PE+IUGR placentas at 
TEM level.

The presence of AA amyloid in placental villi substantiates the 
classification of the PE condition as a secondary reactive systemic 

         

Figure 3: Electron microscopy of placental barrier. (A) Control placental villi showing the syncytium (S) toward the maternal space (MS), lying on a citotrophoblast 
(CT) of normal ultrastructural aspect. Dilated cisternae of RE are not seen in the syncytium; (B) IURG placental villi showing the syncytium (S) toward the maternal 
space (MS) with normal microvilli and intracytoplasmic dilated ER (arrow). Note that inside this epithelial layer it is possible to observe a cytotrophoblast (CT) with a 
normal structural appearance; (C) PE placental villi showing the syncytium (S) toward the maternal space (MS) with irregular and dilated cisternae of the ER (arrow) 
and loss of the upper microvilli (asterisk). Note a single cytotrophoblast (CT) underlying the syncytiotrophoblast (ST) with many ditated cisternae ER (star); (D) 
PE+IURG placental villi showing an apoptotic syncytium (S) with irregular and destroyed dilated ER cisternae, release of microparticules into the maternal space, 
ER exposed to the maternal space (ER), and the presence of an apoptotic cytotrophoblast (CT). Calibration bars 2.4 µm.
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amyloidosis of the inflammatory type, where the serum protein 
SAA is responsible for the formation of the first fibrillar cores, 
which ultimately will constitute the amyloid deposits, a process 
initially induced by the effect of cytokines [40]. This secondary 
amyloidosis differs from the primary form by the type of fibrillar 
protein deposited; in the primary amyloidosis this corresponds to the 
light chain of the fibrillar protein immunoglobulin, and therefore is 
classified as a gammopathy. It should be mentioned that there is also 
a third type of amyloidosis, called prealbumin, a form of hereditary 
polyneuropathy also defined as transthyretin amyloid (ATTR), which 
produces cardiac pathologies that are often confused with coronary 
heart disease [40,41]. ATTR has also been identified in IUGR, PE and 
PE+IUGR placentas [39], so it is reasonable to infer that placental 
amyloid deposits are composed of different types of misfolded 
proteins. Also noteworthy are the studies of Kalkunte, et al. [12] 
and Cheng, et al. [14], who using TTR antibody in paraffin sections, 
showed the presence of amyloid aggregates in PE placentas as well as in 
the serum of these patients. In the latter study, amyloid accumulation 
was observed in the cytoplams of the ST and intravellositarily, mixed 
with fibrinoid deposits, as was the case in the present study.

It is important to note that our immunohistochemical results in 
PE+IUGR placentas show the same arrangement of amyloids TTR 
deposits in the ST of the villus exchange (Figure 1D), as it was observed 
by Fruscalzo, et al. [42] in PE+IUGR cases, where these deposits 
were located in the syncytium cytoplasm, with higher concentration 
towards the apical edge of the syncytium, which makes the amyloid 
more likely to be expelled toward the hematic chamber, depending 
on the degree of apoptosis experienced by the ST. It is also important 
to mention that in our IUGR cases (Figure 1B), the AA deposits were 
observed in the basal zone of the ST as extracellular matrix (ECM) 
deposited on the trophoblast basal lamina: ie, in this epithelial layer 
the amyloid is expelled from its intracytoplasmic location to the 
basal area, where the trophoblast basal lamina is located. This fact 
differs from that of Fruscalzo, et al. [42] who in IUGR found the TTR 
amyloid to be located toward the apical syncytiotrophoblast.

The accumulation of misfolded proteins in the ER is defined as 
ER stress which, at TEM level, is evidenced as dilated cisternae of this 
organelle [26]. In this scenario the UPR cellular response is activated 
[23,25,27,30] and one of two possibilities will occur: i) the ER will 
beging secreting well folded proteins again, or ii) the cell will enter 
into apoptosis [20,28,29,32]. The activity of the UPR in placenta has 
been specifically studied by Burton, et al. [23] who found an increase 
in the UPR activity in IUGR placentas which was even more evident 
in cases of IUGR+PE versus control placentas.

In agreement with the above, in our TEM study the control 
placentas showed exchange villi where the placental barrier evidenced 
no dilated ER cisternae in the ST (Figure 3A), concomitant with the 
presence of underlying CT displaying normal cytological features. In 
our IUGR placentas, however, the ST evidenced several ER dilated 
cisternae, while the CT showed a normal appearance (Figure 3B). 
The apoptosis in the normal CT is initiated by its fusion into the ST 
by activation of caspasa 8, therefore an inactive form of procaspase 
3 would concomitantly be integrated into the ST, which will finally 
leads to the ST apoptosis. This has been supported by the studies of 
Black, et al. [43] and Huppertz, et al. [44-47].

As it has been proposed, by some way yet to be determined 
[23,25,27], the presence of misfolded proteins in the ST would 
activate and prompt the UPR in the ST to normalize protein synthesis. 
Under these conditions, normal ST apoptosis would be reactivated 
by activation of Caspase 3 with expulsion of normal syncytial knots 
towards the hematic chamber. Thus, in IUGR placentas, the ST would 
be able to expel the misfolded proteins to the trophoblast basal region, 
placing them in the basal lamina as ECM secretion, preventing the 
excretion of the misfolded proteins to the hematic chamber where 
the maternal blood circulates. This extracellular accumulation of 
misfolded proteins in the basal lamina of the trophoblast stem villi, 
somehow hinders the normal mother/fetus metabolic exchange 
which, in part, would explain the birth of a IUGR baby. However, 

if the CT evidences dilated ER by deposits of misfolded proteins, 
as observed at TEM level in PE placentas in our study (Figure 3C), 
this could be interpreted as apoptosis of the CT will start previously 
to the fusion with the ST by action of the activation of caspase 3 in 
the CT (Figure 2B). Under these conditions, as a consequence of its 
fusion with ST, an increase of misfolded proteins and greater activity 
of caspase 3 will occur in the ST. As a consequence, the UPR will 
divert its activity to apoptosis of the ST [28,29] expelling immature or 
aponecrotic syncytial knots [39] towards the hematic chamber. The 
increase of apoptosis in the ST would produce expulsion of misfolded 
proteins to the hematic camera, either as ST debris or as syncytial 
aponecrotic nodes (Figure 1C) [39], structures that would produce 
PE syndrome in the mother [23]. The evidence showed in our figure 3C 
reinforces this notion, as it shows that the apical part of the syncytium 
no longer exists, which may mean that it has been expelled towards 
the hematic chamber. These results are consistent with the study of 
Goswami, et al. [33], who demonstrated the presence of large amounts 
of ST microparticles in the hematic chamber in PE placentas, but not 
in the case of IUGR.

In the present work we have found that, in PE+IUGR placentas, 
some villi showed an extremely thin ST without presence of amyloid 
deposits. We also observed syncytial remains in the hematic chamber 
that showed amyloid inside (Figure 1D). The absence of amyloid in 
the ST would suggest that the intracytoplasmic deposits have already 
been expelled either to the hematic chamber and/or into the stroma of 
the chorionic villi, in the latter case reaching the endothelium of the 
fetal blood vessels (Figure 1D). The consequence of amyloid deposit in 
the endothelium of a stem villi small artery will be the alteration of the 
normal functioning of the blood vessel and its branching to capillaries 
in the exchange villi, which consequently will affect the function of the 
placental triade; smooth muscle cells-telocytes-myofibroblast [48,49], 
thus affecting the mother/fetus metabolic exchange. In addition to 
that, at TEM level we observed that in PE+IUGR placentas, the ER 
stress has produced apoptosis in both the ST and the CT (Figure 3D). 
This fact further supports our hypotheses: an apoptotic CT possibly 
favors UPR activation to apoptosis in the ST and this would explain 
the presence of amiloyd, detected by proteomic screen, in the serum 
of women with PE, as it has been described by Kalkunte, et al. [12]. 
From our point of view, the amyloid deposits would depend on the 
amount and preservation of the parameters of normality evidenced 
by CT cells in the placental barrier [46]. Additionally, Veerbeek, et 
al. [50] demonstrated that placental ER stress was induced during 
the labor process, however, it is interesting to note that in our study 
all PE cases correspond to Caesarean-sections (Table 1), hence, 
these amyloid deposits are consequence of ER stress produced in 
the syncytium during gestation. On the other hand, McCarthy, et 
al. [51] and Buhimschi, et al. [13] using Congo red, a dye with high 
affinity for amyloidophilic structures, have determined the presence 
of different types of amyloid in the urine of women with PE and 
IUGR. Both groups of researchers have proposed that the congophilia 
detected in the urine of these patients could be a good predictor 
index of PE. From our point of view, in both cases this situation 
would depend on the amount and preservation of the parameters of 
normality evidenced by CT cells in the placental barrier [52]. It is also 
important to note that Kalkunte, et al. [53] previously demonstrated 
that administration of serum from women with PE to mice IL-10 -/-, 
reproduced the full spectrum of preeclampsia-like symptoms, caused 
hypoxic injury in uteroplacental tissues, and elevated soluble fms-like 
tyrosine kinase 1 and soluble endoglin, markers thought to be related 
to the disease. The same authors showed latter that native TTR, ie 
TTR with normal folding, inhibits all preeclampsia-like features in 
the humanized mouse model [12]. It is interesting to add that our PE 
cases came all from Caesarea-sections and therefore the AA deposit is 
consequence of ER stress produced in the syncytium, therefore, is not 
comparable to the study by Veerbeek, et al. [50] who demonstrated 
that the increase in ER stress was induced during the labor process.

The results of our TEM study are also consistent with those of 
Yung, et al. [31] and Burton and Yung [54]. Our contribution aims to 
reinforce the studies of these authors adding now the hypothesis that 
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myofibroblast in severe preeclampsia (PE). Histol Histopathol 4: 1045-1055.

35. Parra M, Rodrigo R, Barja P, Bosco C, Fernández V, et al. (2005) Screening 
test for preeclampsia through assessment of uteroplacental blood flow and 
biochemical markers of oxidative stress and endothelial dysfunction. Am J 
Obstet Gynecol 193: 1486-1491.

the degree of apoptosis experienced by the CT prior to its fusion into 
the ST could be considered to link the degree of ER stress experienced 
by ST and with the destination of the infoldings proteins produced 
in the process.

Conclusions
We postulate here that the CT regulates, probably through the 

UPR in the ST, the accumulation of misfolded proteins and their 
expulsion either towards the hematic chamber or to the trophoblast 
basal lamina. The excretion of misfolded proteins towards the 
hematic chamber, either as ST apoptotic microparticles or syncytial 
aponecrotic nodes, would cause the patient to develop PE symptoms. 
On the contrary, if these proteins accumulate in the basal lamina 
of the trophoblast, the impairment of the mother/fetus metabolic 
exchange due to an alteration of the functional triade would explain 
in part the birth of an IUGR baby. Finally, if both situations occur, ie 
excretion of misfolded proteins into the hematic chamber followed 
by its deposit beyond the basal lamina, as in the fetal endothelium, 
PE+IUGR will be developed.

The morphological evidence provided in our work regarding 
the deposit of amyloid in the ST and its subsequent expelling into 
the hematic chamber as ST microparticles allows us to support the 
assertions of Kalkunte, et al. [12], Buhimschi, et al. [13] and Chen, et 
al. [14], regarding that PE could be considered in the group of the so 
called “conformational diseases”.

Projections
The determination of ST microparticles using flow cytometry 

in the serum or urine of pregnant women, together with the use of 
fluorescent immunohistochimestry will provide valuable information 
about the degree of severity in cases of PE, an idea also proposed by 
McCarthy, et al. [51], Buhimschi, et al. [13] and Jonas, et al. [55], but 
only verified at molecular level.
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