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Editorial
Preeclampsia (PE) affects 5-8% of all pregnancies worldwide. It is a

pregnancy-specific syndrome characterized by hypertension,
proteinuria, edema as well as intrauterine growth restriction. The lack
of reliable methods for early diagnosis prior to clinical onset limits the
opportunities for prevention and timely treatment of PE. Moreover,
there is no efficacious therapy except for delivery. Thus, PE contributes
significantly to maternal, fetal and neonatal morbidity and mortality as
well as future risk of cardiovascular disease in mother and offspring.
The etiology of PE is multifactorial and still remains enigmatic. Many
pathways including hypoxia/ischemia at the maternal-fetal interface,
antiangiogenic factors, elevated maternal inflammatory response,
autoantibodies, and oxidative stress contribute to the pathogenesis of
PE by negatively influencing trophoblast invasion, endothelial
function, spiral artery remodeling and placental perfusion [1-3]. The
availability of predictive assays and pregnancy-specific pre-clinical
models would likely contribute to identification of novel functional
biomarkers and development of diagnostic, prophylactic and
therapeutic modalities needed to combat this disorder. Although
several rodent models have been reported [4], there is still a lack of a
well defined animal model that can recapitulate the full spectrum of
PE-like features. We have recently established a serum-based
“humanized” mouse model that recapitulates all the features associated
with the human condition [5]. This model is based on the use of
gestational age-matched sera from women with normal pregnancy or
PE in pregnant IL-10-/- mice. Using a comparative proteomic screen of
normal pregnancy sera and PE sera, we have recently identified the
plasma protein transthyretin (TTR) –“transporter of thyroxine and
retinol”- as a major pathological factor that is dysregulated in PE [6].

TTR is a 55 kDa homotetrameric protein that transports thyroxine
and retinol binding protein from serum and cerebrospinal fluid to the
organ sites. Although mainly synthesized in the liver and the choroid
plexus of the brain, TTR is also expressed in trophoblast cells of
human placenta as early as 6 weeks in pregnancy and throughout
gestation [7,8]. Thyroxine, a thyroid hormone, is crucial to
embryological development of the fetal central nervous system; the
fetus solely relies on maternal thyroxine before it secrets thyroid
hormones at around 16 weeks gestation [9]. Thus, TTR plays an
important role in embryological development of brain through
delivery of thyroid hormone to the fetus. TTR is an aggregation-prone
protein because of abundance of beta-sheet structure in TTR molecule.
TTR aggregates are cytotoxic and are associated with three amyloid
diseases: familial amylodotic polyneurophathy, familial amyloidotic
cardiomyopathy, and senile systemic amyloidosis. The latter disease is
caused by misfolding of wild-type TTR, whereas TTR aggregation in
the others is attributed to TTR mutations. Protein misfolding is a
process in which protein fails to attain or maintain its biological active
confirmation due to missense mutations or intracellular factors such as

pH changes, oxidative stress, metal ions, etc [10]. Protein misfolding
and aggregation are intricately involved in a large number of diseases
including cystic fibrosis, Alzheimer’s disease, Parkinson’s disease,
amyotrophic lateral sclerosis, and less familiar diseases such as
Gaucher’s disease, nephrogenic diabetes insipidus, and Creutzfeldt-
Jakob disease [10]. Our studies have demonstrated that staining with
thioflavin S, a fluorescent dye that specifically binds to amyloid,
displays an intense signal that overlaps with TTR immunoreactivity
from adjacent placental sections from PE, suggestive of an amyloidal
nature of TTR deposits. Importantly, sera from PE exhibit increased
propensity for TTR specific protein aggregation. Furthermore,
administration of TTR immunoprecipitated from PE sera induces PE-
like features in pregnant IL-10-/- mice, and native TTR blocks PE-like
features in a “humanized” animal model [6]. Our results strongly
suggest that protein misfolding and aggregation involving TTR could
be causative events for PE and that aggregated TTR could be used as a
biomarker for predicting the onset of PE. The mechanisms by which
TTR forms aggregates in the placenta and how these aggregates
contribute to the pathogenesis of PE remain yet to be elucidated.

Endoplasmic reticulum (ER) is an essential organelle for protein
synthesis, folding, posttranslational modification (N-linked
glycosylation, disulfide bond formation and oligomerization) and
secretion. These processes are intricately programmed and rely on the
optimum levels of ATP, Ca2+ and an oxidizing environment.
Pathological stimuli can interrupt the protein folding process through
disturbing metabolic and energy balance, leading to accumulation of
misfolded proteins in the ER, a condition termed “ER stress”. These
pathological stimuli include factors that cause ER calcium depletion,
altered glycocylation, nutrient deprivation, oxidative stress, DNA
damage, or energy perturbation [11]. Deficient placental perfusion is
thought to be the central pathological axis of PE since it induces
placental oxidative stress and triggers placental release of inflammatory
cytokines, antiangiogenetic factors and placental debris into the
maternal circulation, which causes endothelial cell activation [12].
Accumulating evidence has documented that ER stress is associated
with early pregnancy loss, intrauterine growth restriction and early-
onset form of PE [12-18]. Since misfolded or aggregated proteins are
removed by Endoplasmic reticulum (ER) stress response mechanisms
and Unfolded Protein Response (UPR) machinery, it is possible that
accumulation of aggregated TTR results from failed UPR and protein
degradation mechanisms.
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