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Proteomic Analysis of Mitochondria Unravels the
Pathophysiology of Pre-Eclampsia
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Researchers are reporting the use of quantitative mitochondrial proteomic analysis to
demonstrate that pre-eclampsia is primarily a disorder of placental mitochondria involving an
altered mitochondrial proteome.

Previous studies have identified changes in some placental mitochondrial proteins such as
peroxiredoxin III (PRDX3)1 and HSPA4/HSP70.2 Increased cytochrome C from mitochondria
correlates with increased caspase 3 in pre-eclamptic placentae.3 Other studies suggest that a
comparison between healthy mitochondrial proteome and diseased tissues enables the
identification of biomarkers for early diagnosis and management of mitochondrial dysfunction.4

Zhonghua Shi and colleagues of the State Key Laboratory of Reproductive Medicine, Nanjing
Maternity and Child Health Care Hospital (China) sought to determine the protein expression
changes of placental mitochondria in pre-eclampsia.5 The researchers used isobaric tags for
relative and absolute quantitation (iTRAQ) analysis combined with liquid
chromatography–tandem mass spectrometry (LC-MS/MS) on differentially expressed placental
mitochondrial proteins from four normal and four pre-eclamptic pregnancies. For the nano LC-
MS/MS experiments, the researchers used the LTQ-Orbitrap MS (Thermo Scientific) equipped
with a nanoelectrospray ion source and operated in positive ion mode. The identified proteins
were further analyzed using the GeneOntology and MitoCarta-human databases, to avoid cross-
contamination by other cellular organelles.
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The results showed degenerative and apoptotic changes in the mitochondria of pre-eclamptic
placentae. Mitochondria in the pre-eclamptic placentae were in a state of intermittent anoxia.
The investigators found increased expression of four proteins and decreased expression of 22
proteins in pre-eclamptic placentae compared with normal placentae. Bioinformatics analysis
revealed the critical role of these proteins in apoptosis, fatty acid oxidation (FAO), the
respiratory chain, reactive oxygen species generation (ROS), the tricarboxylic acid cycle, and
oxidative stress in the development of pre-eclampsia. The LC-MS/MS data showed a decreased
expression of the three proteins TFRC, PRDX3 and HSPE1 in the pre-eclamptic group as
compared with normal individuals; this decreased expression was significantly lower in the pre-
term pre-eclamptic group (as opposed to the term pre-eclamptic group). The data were
confirmed by western blot and immunohistochemical analysis.

Reduced mitochondrial levels of respiratory chain and FAO enzymes lead to abnormal energy
production, disrupting the function of the feto-placental unit. Because impaired mitochondria
generate large amounts of cellular ROS, a cascade of events was observed, including
secondary mtDNA mutations and aggravated mitochondrial respiratory defects, which increased
ROS production and led to oxidative stress. Other studies have shown increased apoptosis,
particularly in the syncytiotrophoblast of placentae with pre-eclampsia.6 "The increased
placental apoptosis may be a primary pathologic event or, alternatively, a secondary effect of
altered placental oxygenation in preeclampsia," the authors write.

The study results are consistent with previous studies showing that decreased placental
mitochondrial FAO is a critical process in the pathophysiology of pre-eclampsia.7,8 The proteins
HADHA, HADHB and ACADVL, the critical acyl-CoA dehydrogenases that catalyze the initial
step in the FAO pathway, were all reduced in pre-eclampsia.

The researchers used the Pathway Studio software9 to map several proteins such as TFRC,
PRDX5, OGDH and TGM2 to the processes of apoptosis, oxidative stress, ROS generation and
mitochondrial damage. The results indicated that mitochondrial oxidative stress and apoptosis
play key roles in the development of pre-eclampsia. The researchers also show that the
mitochondrial proteins involved in the tricarboxylic acid cycle and the respiratory chain -- such
as ATP5B, OGDH, DLST, MDH2 and ACADVL -- were downregulated in pre-eclamptic
placentae in the third trimester of pregnancy.

These results suggest that insufficient energy production in the pre-eclamptic placenta prevents
invasion of the trophoblast, causing pre-eclampsia. However, additional in-vitro functional
studies using trophoblast cells will need to confirm this theory.
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