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Abstract

Introduction: Pre-eclampsia (PE), a severe pregnancy-specific disease characterized by the new onset of hypertension,
proteinuria, edema, and a series of other systematic disorders, is a state of widespread mitochondrial dysfunction of the
placenta.

Methods: We compared the morphology of mitochondria in pre-eclamptic and normotensive placentae using electron
microscopy. To reveal the systematic protein expression changes of placental mitochondria that might explain the
pathogenesis of PE, we performed iTRAQ analysis combined with liquid chromatography-tandem mass spectrometry (LC-
MS/MS) on differentially expressed placental mitochondria proteins from 4 normotensive and 4 pre-eclamptic pregnancies.
Bioinformatics analysis was used to find the relative processes that these differentially expressed proteins were involved in.
Three differentially expressed proteins were chosen to confirm by Western blotting and immunohistochemistry.

Results: Morphological data demonstrated degenerative and apoptotic changes in the mitochondria of pre-eclamptic
placentae. We found four proteins were upregulated and 22 proteins were downregulated in pre-eclamptic placentae
compared with normotensive placentae. Bioinformatics analysis showed that these proteins were involved in many critical
processes in the development of pre-eclampsia such as apoptosis, fatty acid oxidation, the respiratory chain, reactive
oxygen species generation, the tricarboxylic acid cycle and oxidative stress.

Conclusions: This preliminary work provides a better understanding of the proteomic alterations of mitochondria from pre-
eclamptic placentae and may aid in our understanding of the importance of mitochondria in the development of pre-
eclampsia.
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Introduction

Pre-eclampsia (PE) is a severe pregnancy-specific disease

characterized by the new onset of hypertension, proteinuria,

edema, and a series of other systematic disorders after 20 weeks’

gestation. It is one of the leading causes of maternal and perinatal

morbidity and mortality, affecting 5% to 7% of pregnancies [1–4].

Treatment is based on clinical features and prevention of

complications, with the only intervention that effectively reverses

the syndrome being delivery [5].

To date, the etiology and pathogenic mechanisms of PE

remains vague, although a growing body of evidence indicates that

dysfunction of placental mitochondria is the first step in the

pathophysiological cascade leading to pre-eclampsia [5]. Torberg-

sen [6] indicated a high incidence of pre-eclampsia in a family with

mitochondrial dysfunction. Wang and Walsh [7] reported that

placental mitochondria are an important source of oxidative stress

in PE and that increased mitochondrial lipid peroxidation may

cause mitochondrial dysfunction in pre-eclamptic placentae. A

series of studies have identified alterations in some placental

mitochondria proteins in PE. Shibata [8] identified mitochondrial

protein peroxiredoxin III (PRDX3) as a member of the novel

antioxidant proteins designated peroxiredoxins in PE. Ekambaram

[9] reported that placental mitochondrial HSPA4/HSP70 showed

significant overexpression in PE and further implicated HSPA4 in

the protection against oxidative stress in PE. Hung [1] found that

release of cytochrome C from mitochondria was significantly

increased and was associated with increased caspase 3 in PE

placentae. The application of mitochondrial proteomics has shed

some light on the diagnosis and treatment of many diseases

associated with mitochondria. Furthermore, comparison of the

mitochondrial proteome from healthy and diseased tissues could

aid in the identification of biomarkers for early diagnosis and

identification of pathologies associated with mitochondrial dys-
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function [10]. Therefore, we hypothesized that investigation of the

changes in the mitochondrial placental proteome are required to

elucidate the pathophysiological mechanisms of pre-eclampsia.

Materials and Methods

Subjects and sample collection
The study design was approved by the Ethical Committee of the

Medical Faculty of Nanjing Maternity and Child Health Care

Hospital. Patients registered in the department of Obstetrics and

Gynecology, Nanjing Maternity and Child Health Care Hospital

were enrolled in this study. The informed consents were obtained

from these patients. Thirty-five severe pre-eclamptic samples

(including 15 preterm preeclampsia cases and 20 term preeclamp-

sia cases) were obtained from primiparous pregnant women (aged

24–31 years) at pregnancies (33–38 weeks) at the time of elective

cesarean section. Cases of severe pre-eclampsia (SPE) was

classified as patients with adverse outcomes, a BP measurement

exceeding 160/110 mmHg on at least two different readings

within a 4-h period, proteinuria $2 g/day (in 24-h harvest), and/

or low platelet counts (,100,000), and/or elevated liver enzymes

(alanine transaminase [ALT] .45 U/l, aspartate aminotransferase

[AST] .45 U/l, and/or lactate dehydrogenase [LDH] .670 U/

l). And Thirty-five controls (15 preterm controls and 20 term

controls) were chosen in this study (Table 1). Specific exclusion

criteria for the study of both the cases and control groups included

diabetes mellitus, renal disease, maternal infection, smoking,

chemical dependency, assisted reproductive technology (ART)

treatment, multiple pregnancies, fetal congenital anomalies and

any other confounding pathology (such as: intrahepatic cholestasis

of pregnancy (ICP), hyperthyroidism and hypothyroidism). The

indications of cesarean section for control groups at pregnancies

(33–39 weeks) were either the presence of breech presentation

with premature rupture of membranes or placenta previa with

bleeding. Maternal infection of both control and SPE group were

excluded by testing blood leukocytes, C-reactive protein, serum

procalcitonin and bacteria culture of the cervical secretions.

Approximately 1 g of placenta tissue was dissected from the

maternal side of the placentae (in the central part, exclusive of

calcified area) and rinsed briefly in 0.9% saline, before being snap-

frozen in liquid nitrogen. The histopathological characteristics

were evaluated after standard preparation of formalin fixed

paraffin embedded sections (5 mm thick), stained with hematoxylin

and eosin (HE). Patients or their family members were fully

informed of the study and signed informed consent forms of their

own accord. This study was approved by the Ethics Committee of

Nanjing Maternity and Child Health Care Hospital (project No.

NJFY-201232).

Isolation of placental mitochondria
Isolated placenta tissue (1 mg) was homogenized in 7 ml

mitochondrial isolation buffer (10 mM sucrose, 200 mM manni-

tol, 5 mM HEPES, 1 mM EGTA). The pH was adjusted to 7.4

with KOH. The homogenate was centrifuged at 3,0006g for

5 min followed by 60006g for 5 min in the same tube in order to

pellet nuclei and cellular debris. The resulting supernatant was

decanted to a new tube and centrifuged at 180006g for 20 min to

yield a greenish pellet enriched in mitochondria. Transmission

electron microscopy (TEM) of mitochondrial homogenates and

Western blot using antibodies against marker proteins form

different cellular compartments (LDH, GRP78 and COX IV)

were performed to evaluate their purity.
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Transmission electron microscopy
Transmission electron microscopy (TEM) of placental mito-

chondria was performed to evaluate the difference of mitochon-

dria between SPE and control groups. TEM was conducted as

previously described [1,14]. Enriched placental mitochondria from

the control and SPE groups were fixed by immersion in 3%

glutaraldehyde20.3% hydrogen peroxide in 0.1 mol/L 1,4-

piperazine diethane sulfonic acid (PIPES) buffer (pH 7) for TEM

analysis. After fixation at room temperature for 2 h, samples were

washed for 30 min in 0.1 mol/L PIPES buffer. Secondary fixation

was achieved by immersing the tissue specimen in 1% osmium

tetroxide in PIPES buffer for 1 h at room temperature. After three

washes in buffer, samples were dehydrated in a graded ethanol

series and embedded in Araldite epoxy resin. Ultrathin sections

(50 nm) were cut on a Leica Ultracut R Microtome. Sections were

counterstained with uranyl acetate, followed by lead citrate, before

examination using a Philips H-600 electron microscope (Hitachi).

Protein preparation and iTRAQ labeling
Briefly, 100 mg mitochondrial proteins from 8 cases (4 SPE cases

and 4 controls) were precipitated with cold acetone for 1 hour at

220uC and resuspended in 20 ml dissolution buffer. The

information of these 8 patients was shown in Table 2. After

protein reduction and alkylation followed by overnight digestion

with trypsin, the peptides were labeled with the iTRAQ regents for

1 h at room temperature according to the kit protocol (Applied

Biosystems, USA). The iTRAQ regents were used to label the

peptides as follows: iTRAQ tag 113, control-1; 114, control-2;

115, control-3; 116, control-4; 117, patient-1; 118, patient-2; 119,

patient-3; 121, patient-4 [11–13]. The samples were then pooled

and fractionated by strong cation exchange (SCX), using a BioLC

HPLC column (Dionex, Surrey, UK), and analyzed by LC-MS/

MS as previously described [15,16].

LC-MS/MS analysis
The nano-LC-MS/MS experiments were performed with

LTQ-Orbitrap MS (Thermo Fisher, CA, USA) equipped with a

nanoelectrospray ion source. The LTQ-Orbitrap instrument was

operated in positive ion mode. An Agilent 1100 series liquid

chromatography system equipped with a reverse-phase micro-

capillary column (0.0756150 mm, AcclaimH PepMap100 C18

column, 3 mm, 100 A; Dionex, Sunnyvale, CA) was used, with the

mobile phase consisting of buffer A (0.1% formic acid in H2O) and

buffer B (0.1% formic acid in ACN). The analytical conditions

were set at a linear gradient of buffer B (from 0% to 60% in

60 min) with a flow rate adjusted to 200 nL/min. The column was

re-equilibrated at initial conditions for 10 min. For analysis of

mitochondria from human placenta, one full MS scan was

followed by three MS/MS scans on the three highest peaks.

Database search and data analysis
The MS/MS spectra acquired from precursor ions were

submitted to Mascot http://www.matrixscience.com version

2.2.04 (Matrix Science, London, UK), which was used for protein

identification and iTRAQ reporter quantification. Full scan

tolerance was 5 ppm, MS/MS tolerance was 0.9 Da, and up to

two missed cleavages were accepted. Fixed modifications were

those originating from the iTRAQ protocol: iTRAQ-8plex of

tyrosine was set as variable modifications. The threshold of

significance was set to 0.001, which resulted in a false discovery

frequency of less than 0.003 when searched in Mascot against the

decoy database of random sequences.T
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Figure 1. Characterization of isolated mitochondria from placenta. (A) Western blotting images of 3 marker proteins in the whole-tissue
protein samples and the isolated mitochondrial protein samples. (B) Electron micrographs of isolated mitochondria from control (left) and SPE
placenta (right). Images of isolated mitochondria from control placentae showed a clearly defined electron-dense matrix with particles (respiratory
enzyme elements) and intact mitochondrial membranes (a). Some degenerative changes and swollen mitochondria were observed in SPE placentae
(b).
doi:10.1371/journal.pone.0064351.g001

Figure 2. Regulation pathways involving mitochondrial proteins in pre-eclamptic placentae as predicted by PathwayStudioTM

software. Proteins are shown as red ovals, regulated processes are represented by yellow squares. Regulation events are displayed with arrows and
documented by literature citations.
doi:10.1371/journal.pone.0064351.g002
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For identification of differentially expressed proteins, the cutoffs

for the fold change and P value (student’s t-test) were set to 1.5 and

0.05, respectively.

Pathway analysis by PathwayStudio
An analysis of cellular processes influenced by differentiated

mitochondrial proteins in control placentae compared with severe

pre-eclampsia placentae was performed using PathwayStudio

(Version 7.0) software (Ariadne Genomics, Inc, Rockville, Mass,

USA). The text-mining software uses a database of molecular

networks that are assembled from scientific abstracts and a

manually curated dictionary of synonyms to recognize biological

terms. The cellular processes influenced by the various treatments

were determined by searching the database for the imported gene/

protein and for the cellular processes in which the imported genes/

proteins are involved. In our analysis, each identified cellular

process was confirmed manually using the relevant PubMed/

Medline hyperlinked abstracts.

Western blot analysis
Samples containing 50 mg of protein were electrophoresed on a

12% SDS polyacrylamide gel and transferred to a nitrocellulose

membrane (GE Healthcare, San Francisco, CA, USA). The

membranes were blocked in Tris-buffered saline (TBS) containing

5% non-fat milk powder for 1 h and then incubated overnight in

polyclonal anti-LDH (1:200, Abcam, USA), anti-COX IV (1:100,

Abcam, USA), anti- GRP78 (1:1000, sigma, USA), anti-TFRC

(1:100, Abcam, USA), anti-PRDX3 (1:1000, Abcam, USA), anti-

HSPE1 (1:500, Abcam, USA) and GAPDH (1:1000, Kangcheng,

China) diluted in TBS/5% non-fat milk powder. GAPDH

expression was analyzed as a control. Membranes were washed

three times (10 min each) with TBS and then incubated for 1 h

with horseradish peroxidase (HRP)-conjugated goat anti-rabbit

IgG or goat anti-mouse IgG (1:1000; Beijing ZhongShan

Biotechnology CO., China). Specific proteins were detected using

an ECL kit and AlphaImager (FluorChem5500, Alpha Innotech,

San Leandro, CA, USA). The protein expression level was

Table 3. Full list of the 26 proteins identified by iTRAQ labeling-based proteomics.

Score %Cov Accession number Protein name Control/SPE

#valid
peptide
sequences

37.45 45.6 P06576 ATP synthase, H+ transporting, mitochondrial F1
complex, beta polypeptide (ATP5B)

2.01 26

8.03 15.9 Q9BUP0 EF-hand domain family, member D1(EFHD1) 0.25 4

39.7 39.2 P49748 acyl-Coenzyme A dehydrogenase, very long chain
(ACADVL)

8.14 21

97.71 32.7 Q00610 clathrin, heavy chain (Hc) 1.75 56

2.45 5 Q07021 complement component 1, q subcomponent binding
protein(C1QBP)

5.75 1

14.43 20.9 P12532 creatine kinase, mitochondrial 1A; creatine kinase,
mitochondrial 1B(CKMT1B)

7.44 8

39.85 40.1 P05108 cytochrome P450, family 11, subfamily A,
polypeptide 1(CYP11A1)

0.29 25

25.59 5.2 P15924 Desmoplakin(DSP) 0.33 13

10.11 10.2 P36957 dihydrolipoamide S-succinyltransferase (DLST) 8.95 5

2.7 8.9 Q9Y2Q3 glutathione S-transferase kappa 1 1.78 2

2.25 6.9 P61604 heat shock 10kDa protein 1 (chaperonin 10)(HSPE1) 5.86 1

41.65 33.4 P40939 hydroxyacyl-Coenzyme A dehydrogenase
alpha subunit (HADHA)

5.01 22

22.87 29.8 P55084 hydroxyacyl-Coenzyme A dehydrogenase beta subunit(HADHB) 3.07 11

16.05 27.8 P40926 malate dehydrogenase 2, NAD (mitochondrial) (MDH2) 13.55 8

3.26 5.3 Q9Y6C9 mitochondrial carrier homolog 2(MTCH2) 0.49 2

19.86 9.4 Q02218 oxoglutarate (alpha-ketoglutarate) dehydrogenase (OGDH) 2.11 9

6.21 13.3 P30048 peroxiredoxin 3(PRDX3) 5.01 4

4.07 12.2 P30044 peroxiredoxin 5 (PRDX5) 1.68 2

16.67 35.7 P35232 Prohibitin(PHB) 1.57 9

62.07 45.7 P02786 transferrin receptor (p90, CD71)(TFRC) 3.9 38

26.91 25.8 P21980 transglutaminase 2(TGM2) 4.78 15

9.47 15.3 O14773 tripeptidyl peptidase I(TPP1) 1.59 6

11.17 12.4 P22695 ubiquinol-cytochrome c reductase core protein II 5.39 5

4.98 10.5 P00338 lactate dehydrogenase A(LDHA) 1.51 3

3.8 10.5 P07195 lactate dehydrogenase B(LDHB) 1.60 3

23.01 18.4 P11142 heat shock 70kDa protein 8 (HSPA4) 8.3 13

The key proteins verified by Western blot analysis are highlighted in bold. The corresponding average ratios between the two groups (control/SPE) are given.
doi:10.1371/journal.pone.0064351.t003
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analyzed using AlphaEaseFC software (Alpha Innotech, San

Leandro, CA, USA).

Immunohistochemistry
Formalin-fixed tissues were embedded in paraffin, sectioned at

5 mm, and mounted on silane-coated slides. The sections were

dewaxed and rehydrated through descending grades of alcohol to

distilled water, followed by blocking of endogenous peroxidase

using 3% (v/v) hydrogen peroxidase in phosphate buffered saline

(PBS). The sections were subjected to microwave antigen retrieval

in 0.02 M EDTA, washed in PBS and blocked with goat serum

(Beijing ZhongShan Biotechnology,) for 2 h, then incubated

overnight at 4uC with polyclonal anti-TFRC (1:100, Abcam),

anti-PRDX3 (1:200, Abcam), anti-HSPE1 (1:100, Abcam). Fol-

lowing three washes in PBS, the sections were incubated with

HRP-conjugated secondary antibody (1:1,000; Beijing ZhongShan

Biotechnology) for 1 h at room temperature. Immunoreactivity

was demonstrated using diaminobenzidine (Sigma, St. Louis, MO,

USA) for increased sensitivity, which produced a brown insoluble

precipitate at immunopositive sites. Sections were counterstained

with hematoxylin and mounted with a cover glass. The negative

controls were incubated with IgG controls. All immunostained

sections were evaluated in a blinded manner by two observers.

Statistics
Statistical differences between groups were evaluated using the

Student’s t-test. One-way analysis of variance (ANOVA) followed

by the Tukey’s post-hoc test was used to examine differences

among multiple groups. P-values less than 0.05 were considered to

indicate statistical significance.

Results

Characteristics of the study population
The maternal age, gestational age, and parity in the control

group did not differ significantly from those in women with SPE

group. Systolic and diastolic blood pressures were significantly

higher in the SPE group than in the control group (P,0.05). The

amount of protein in a 24-h urine collection for the SPE group was

3.160.89 g/24 h, although that for the control group was 0.

There were significant differences in the levels of ALT, placental

weight and platelet counts, but no differences were detected in

AST. Birth weight of the infant was significantly lower in the SPE

group than in the control group (Table 1).

Characterization of isolated mitochondria
The purity of isolated mitochondria was assessed by Western

blotting and electron microscopic observations (TEM). Figure 1A

showed Western blotting images of extracted from isolated

mitochondrial samples against known marker proteins from

Figure 3. (A) Western blot analysis with anti-HSPE1, anti-
PRDX3, anti-TFRC and GAPDH polyclonal antibodies was
performed on aliquots of total protein extracts prepared from
mitochondrial proteins from 35 SPE cases and 35 controls(C1:
term control; C2: preterm control; P1: term SPE cases; P2:
preterm SPE cases). (B) Comparison of protein expression levels of
HSPE1, PRDX3 and TFRC in SPE and control groups (C1 vs P1 and C2 vs
P2; **, p,0.01). The Y-axis represents the relative quantification of
target proteins normalized to GAPDH.
doi:10.1371/journal.pone.0064351.g003

Figure 4. Immunohistochemical staining for HSPE1, PRDX3 and TFRC in the placental tissue of SPE patients and controls. The
staining for HSPE1, PRDX3 and TFRC in the cytoplasm of syncytiotrophoblastic and/or cytotrophoblastic cells was more intense in the placental tissue
from SPE patients compared with the controls.
doi:10.1371/journal.pone.0064351.g004
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cytoplasm (LDH), mitochondria (COX IV) and endoplasmic

reticulum (GRP78). Mitochondrial protein COX IV was specif-

ically detected in isolated mitochondrial sample and this sample

lacked any detectable contamination of abundant cytosolic (LDH)

and endoplasmic reticulum proteins (GRP78). Figure 1B showed

the high-magnification images of mitochondria from normotensive

placentae and PE placentae. The left image showed a clearly

defined electron-dense matrix with particles (respiratory enzyme

elements) and intact mitochondrial membranes in normotensive

placentae. However, the appearance of the mitochondria in the

PE placentae showed in the right image confirmed a state of

intermittent anoxia. Some degenerative changes and swollen

mitochondria were observed. In contrast to the well-defined

mitochondrial matrix with clear particles observed in the controls,

the inner mitochondria in patients with PE had an undefined

internal structure without clearly defined particles (Fig. 1B).

Proteomic analysis of differential expression
Comparative proteomic analysis of mitochondrial proteins was

performed on 4 normotensive and 4 SPE placentae (Table 2). A

total of 26 differentially expressed mitochondrial proteins were

identified in comparison between the control and SPE groups

(Table 3). To gain a better understanding of the 26 proteins

identified in this study, a detailed analysis of cellular processed

influenced by these proteins was performed using PathwayStudioTM

software. We listed all the differentially expressed mitochondrial

proteins identified in the SPE placentae involved in processes such

as apoptosis, fatty acid oxidation, the respiratory chain, reactive

oxygen species (ROS) generation, the tricarboxylic acid cycle and

oxidative stress. The detailed results are shown in Figure 2.

Western blot and immunohistochemical analysis of
protein identity

Western blot analysis was conducted to validate the LC/MS

data. Based on the availability of antibodies, we first analyzed

TFRC, PRDX3 and HSPE1 three proteins that were differentially

expressed at lower levels in the same samples used for proteome

analysis. GAPDH was used as an internal control. The results

confirmed the differential protein expression observed by LC/MS.

Then we further compared their expression level in all the 15

preterm preeclampsia cases and 20 term preeclampsia cases with

that in the preterm and term controls. The result showed that

three proteins were all expressed at lower levels in the PE group

than in control group (P,0.01, Figure 3) and the levels of the three

proteins were all lower in the preterm PE group than in the term

PE group (P,0.01). The results also showed that the levels of

HSPE1 and PRDX3 were higher in the term controls than in the

preterm controls (P,0.01). We also performed immunohisto-

chemical analysis to define the cellular location of these proteins in

human placenta. As shown in Fig. 4, all three proteins were

expressed in the cytoplasm of the syncytiotrophoblastic and/or

cytotrophoblastic cells of human placental tissue. The expression

patterns of the three proteins were consistent with the MS and

Western blotting analysis.

Discussion

Pre-eclampsia (PE) is a severe pregnancy-specific disease

characterized by the new onset of hypertension, proteinuria,

edema, and a series of other systematic disorders. The etiology of

PE remains to be elucidated, but a growing body of evidence

suggests that a mitochondrial defect underlies the impairment of

differentiation and invasion of the trophoblast that leads to this

disorder [5]. Several mitochondrial proteins have been shown to

be involved in PE, such as peroxiredoxin III (PRDX3) [8],

HSP70/HSPA4 [9], Cytochrome C [1] and TFRC [17].

However, the changes in total mitochondrial protein expression

in the human pre-eclamptic placenta remain to be systematically

analyzed.

The emergence of comparative proteomics enables us to

investigate the mitochondrial proteome in a more comprehensive

and effective manner, providing a better understanding of the

pathogenesis of PE. In this study, we analyzed the expression levels

of the major motochondrial proteins extracted from 4 normotensive

and 4 SPE placentae and successfully identified 30 differentially

expressed proteins using an iTRAQ approach. In an effort to

exclude the effects of contamination by other cellular organelles

such as the endoplasmic reticulum incurred during the mitochon-

drial extraction process, all the identified proteins were further

analyzed using the GeneOntology and MitoCarta-human databas-

es. A total of 26 of the 30 identified were validated mitochondrial

proteins and four originated from the endoplasmic reticulum. Of

the 26 mitochondrial proteins, expression of 22 was downregulated

in the SPE group compared with that in the normotensive group,

while the remaining four were upregulated. The expression patterns

of three proteins were analyzed by Western blot and immunohis-

tochemical analysis, thus confirming the LC-MS/MS data (Fig. 3).

Trough large sample verification, we also found that the expression

levels of these three proteins were down-regulated either in the

preterm PE group or the term PE group compared with controls.

This result also indicated that mitochondria might be involved in

the development of all kinds of severe pre-eclampsia including early

onset SPE and late onset SPE.

To further understand the functions of these 26 differentially

expressed mitochondrial proteins involved in SPE, we used the

PathwayStudio software, which includes an automated text-

mining tool that can generate pathways for well-documented

proteins from the entire PubMed database and other public

sources [18,19]. The majority of these 26 proteins were found to

be involved in diverse biological processes, such as apoptosis,

oxidative stress, reactive oxygen species (ROS) generation, fatty

acid oxidation (FAO), mitochondrial damage and the tricarboxylic

acid cycle.

In PE, endovascular invasion of cytotrophoblasts remains

superficial, and uterine blood vessels do not undergo adequate

vascular transformation, with consequent placental hypoxia and

insufficiency [20–24]. And impaired mitochondrial function with

reduction of respiratory chain (RC) enzymes and FAO enzymes

resulting in abnormal energy production could play a key role in

dysfunction of the feto-placental unit [25]. Impaired mitochondria

are considered to be one of the major sources of ROS production

within cells. ROS may trigger accumulation of secondary mtDNA

mutations, exacerbating mitochondrial respiratory defects and

consequently, increasing ROS production and oxidative stress

from mitochondria [26]. Increased apoptosis, particularly in the

syncytiotrophoblast, has been found in placentas from pregnacies

complicated by preeclampsia compared with normal pregnancies

[27]. It has been proposed that exaggerated apoptosis can be

reproduced in trophoblast in vitro by exposure to hypoxia and

reactive oxygen species [28]. Hypoxic placentae in PE are likely to

be subject to oxidative stress, with disequilibrium between

antioxidant defense and the production of ROS. The increased

placental apoptosis may be a primary pathologic event or,

alternatively, a secondary effect of altered placental oxygenation

in preeclampsia. And Redman and Sargent proposed that

oxidative stress might stimulate syncytiotrophoblast apoptosis

[29]. Pathway analysis of the differentially expression proteins

showed that a number of proteins such as TFRC, PRDX5,
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OGDH and TGM2 were mapped to two or three processes of

apoptosis, oxidative stress, ROS generation and mitochondrial

damage. These results indicated that mitochondria which were

involved in the regulation of oxidative stress and apoptosis play a

critical role in the development of PE.

Differentiation of the early embryonic trophoblast (which forms

the placenta) and invasion of the trophoblast into the maternal

endometrium is a highly energy-consuming process, requiring the

synthesis of a large variety of proteins. However, mitochondria are

the site of oxidative phosphorylation, the process that yields ATP

from pyruvate [5]. We identified some mitochondrial proteins

involved in the tricarboxylic acid cycle and the respiratory chain,

such as ATP5B, OGDH, DLST, MDH2 and ACADVL. Our data

showed that all these five of these enzymes were all downregulated

in pre-eclamptic placentae in the third trimester of pregnancy.

Although trophoblastic invasion occurs in early pregnancy, our

results only prompt that energy production in the pre-eclamptic

placenta is insufficient for invasion of the trophoblast and might be

a cause of pre-eclampsia. It should be confirmed by a further in

vitro functional study using trophoblast cells.

In this study, fatty acid oxidation (FAO) was shown to be a

critical process in the development of pre-eclampsia through

pathway analysis. FAO had previously been proposed as an

important metabolic pathway involved in support of the function

of the placenta [30–33]. It has been proposed that decreased

placental FAO is a contributing factor to the pathophysiology of

pre-eclampsia [34,35] which is consistent with the results of our

study showing that mitochondrial FAO was significantly reduced

(by 20%) in the pre-eclampsia group compared to the control

group. HADHA, HADHB and ACADVL, the critical acyl-CoA

dehydrogenases that catalyze the initial step in the FAO pathway

[31], were identified and their expression levels were all reduced in

the pre-elcamptic group as previously reported [30]. Our results

further confirmed that placental mitochondrial FAO plays an

important role in the pathophysiology of pre-eclampsia.

In conclusion, this is the first report that uses quantitative

mitochondrial proteomics analysis of the placenta to explore the

pathophysiology of severe pre-eclampsia. This study of altered

mitochondrial proteomes in SPE indicates that pre-eclampsia is a

fundamental disorder of placental mitochondria. Although our

study is a preliminary work, our further study is still in progress,

which contributes to shedding light on the mitochondrial

pathogenesis of preeclampsia.
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