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INTRODUCTION 
 
Preeclampsia, the onset of hypertension and proteinuria at ≥20 weeks of gestation, is a leading cause of maternal 
perinatal morbidity and mortality. Despite significant recent efforts to define biomarkers to improve the ability of clinicians 
to predict, diagnose and manage preeclampsia, none perform well enough to have broad clinical utility.  
 
Recently, more attention has been paid to the role of lipids in pregnancy and pregnancy complications. Normal serum 
total triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and total cholesterol (TC) levels increase toward the 
term of normal pregnancy. Preeclampsia is known to affect lipid metabolic pathways, e.g., abnormally elevated 
triglycerides, total cholesterol and low density lipoprotein cholesterol have been found to be associated with 
preeclampsia. During preeclampsia, there is dysfunction in the maternal vasular endothelium, thought to be induced by 
hyperlipidemia. Abnormal lipid profiles have a strong positive correlation with endothelial dysfunction. 
 
Mass spectrometry has been applied to study the change in the lipidome in early pregnancy with the hope of developing 
risk biomarkers and there is some evidence suggesting circulating serum/plasma lipids may be a source of potential 
biomarkers. However these studies have been limited  by the number of lipids quantified, the specificity of identification 
and quantification and the time required to generate datasets.  Here, we quantified the plasma lipidome from women 
with preeclampsia or preterm labor using the Lipidyzer™ Platform (SCIEX). Lipid profile abnormalities were found in the 
triacylglycerides species (TAGs) and diacylglycerides species (DAGs) as well as some novel markers found to increase 
in preeclampsia. 

 

MATERIALS AND METHODS 
 

Samples:  Plasma from women with sPE (gestational age 25-37 weeks) were analyzed. Gestational age-matched 
plasma samples from women with preterm birth (PTL) were used as controls. Applying the Lipidyzer labeled internal 
standard kits (SCIEX) plasma was extracted using a modified Bligh/Dyer protocol.  
 

Chromatography: Flow injection (FIA) on a Shimadzu Nexera X2 system was used to introduce the extracted lipid 
samples to the mass spectrometer at 7ul/min.   
 
Mass Spectrometry: The MS analysis was performed on a Lipidyzer™ Platform, a QTRAP® 5500 system equipped 
with SelexION® Technology (Differential Mobility Separation – DMS). Multiple Reaction Monitoring (MRM) was used to 
target and quantitate ~1100 lipid molecular species from 13 different lipid classes for comprehensive coverage of the 
plasma lipidome. Acquisition was performed in positive and negative polarity and with and without DMS voltages on, 
taking around 20 minutes a sample for acquisition. 
 
Data Processing:  All data was acquired and processed automatically using the Lipid Manager Workflow software. This 
strategy allowed for: i) quantitative results for each lipid class as a sum of individual species; ii) mole percent 
composition obtained computationally from lipid molecular species data; and iii) accurate lipid species compositions. The 
data were automatically processed generating heat maps allowing facile data analysis and biological data interpretation. 

 

CONCLUSIONS 
 
• We analyzed over one thousand lipid molecular species; coefficient of variations (CVs) for all species 

was < 6%, highlighting excellent reproducibility of the assay.  
• Plasma from women with severe preeclampsia primarily showed differences in the TAG and DAG 

species as compared with preterm labor controls.  
• The data were probed for pathway interactions and statistical analyses were conducted in Surveyor 

Web Tools (Metabolon, USA).  
• A novel set of lipid molecular species were found to increase significantly. However as the study was 

underpowered a second study will be conducted to include larger n numbers. 
• A subset of these markers which increase and the TAG and DAG molecular species which decreased 

could be used to validate these potential markers in parallel sample cohorts to better predict, diagnose 
and manage preeclampsia 
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Figure 1. Pilot Study Design.  A small number of plasma 
samples (10) were obtained for first pilot study from 2 sample 
groups, severe preeclampsia (sPE) samples and preterm 
labor (PTL) samples. PTL without infection serves as a control 
for sPE. 
 
Gestational age (GA) matched samples were obtained 
representing weeks 25 – 37 weeks. 
 
 
 

Figure 6. Online Pathway Maps and Discovery Tools. The discovery tools (left) allow a user to filter their data based 
on fatty acid composition, molecular species concentration or total class concentration. Simple statistical applications 
such as a t test with a p value cutoff and an FDR can be applied. Highlighting each row in the left hand figure displays an 
info card highlighting a box and whisker plot which can used to quickly visualize if there was significant difference 
between the two tested groups.  
 
The pathway mapping tools (right) allow a user to map their data back to the biological function of the particular 
lipid/class/fatty acid (FA) in question. In this instance the figure shows FA metabolism pathway, those FAs that are 
created de novo by the body and the FAs that can only be derived from the diet. A simplified heat map can also be 
visualized. 
 

Figure 3. Comprehensive Coverage of Complex 

Lipid Metabolism. The Lipidyzer™ platform allows 
comprehensive coverage of complex lipid metabolism 
by allowing the measurement across thirteen lipid 
classes and over 1100 lipid molecular species. The 
Lipidyzer™ Platform fully elucidates the class and fatty 
acid composition of each lipid molecular species. 
Thirteen classes covering over 1100 species means 
the Lipidyzer™ Platform offers comprehensive 
coverage of complex lipid metabolism. *The 
Ceramides listed above includes the further three 
classes, dihydroceramides (DCER), hexosylceramides 
(HCER) and lactosylceramides (LCER). 

Figure 2. One Streamlined Workflow for Peak Performance. The Lipidyzer™ Platform makes lipid analysis easy and 
seamless. The simple integrated workflow allows you access to comprehensive data quickly and confidently, and gain 
accurate biological insight. This platform was developed that includes simplified sample preparation, automated methods, 
and streamlined data processing techniques that enable facile, quantitative lipid analysis.  

Figure 4. Lipidomics Workflow Manager. The 
software controlling the Lipidyzer™ Platform is the 
Lipidomics Workflow Manager (LWM) This 
software system provides LIMS capabilities for 
sample-tracking and workflow management, 
complete control of the overall system as well as 
the workflow. This includes automated data-
processing for signal detection and result 
calculations, and finally reporting and visualization 
functionalities.  
 
Left: A box and whisker plot highlighting all 
samples acquired across a batch. A user can very 
quickly see if a sample has an abnormally high/low 
lipid species concentration. The QCs and QC 
Spike can be visualized this way too. 
 
 
 
Below: A bar graph displaying the individual data 
collected per scan during the MRM experiment. 
LipidyzerTM uses 18/20 to average and report a 
results per lipid species. Therefore two unusual 
scans can be dropped if they were abnormally high 
or low. 
 

Figure 5. Heat Map and Statistics. After data acquisition is 
complete, all data is automatically processed. The novel 
internal standards are used to correct for quantitation bias, 
providing more accurate and precise data.  Changes in 
specific lipid species between the two experimental groups 
were computed and displayed in the heat map view in the 
software. 
 
A large number of the TAGs and DAGs were quantified and 
showed over a 2 fold increase in levels in the severe 
preeclampsia samples (sPE) over the pre-term labor samples. 
This confirms previous observations. 
 
A novel set of lipid molecular species were found to increase 
significantly. However as the study was underpowered a 
second study will be conducted to include larger n numbers. 
This will be used to validate the novel markers found in this 
pilot study. 
 

Table 1. Full coverage of complex lipid metabolism. The 
Lipidyzer™ Platform fully elucidates the class and fatty 
acid composition of each lipid molecular species. Thirteen 
classes covering over 1100 species means the Lipidyzer™ 
Platform offers comprehensive coverage of complex lipid 
metabolism. *total no of MRMs measured = 1153 (which 
includes the internal standards). The Ceramides listed 
above includes the further three classes, DCER, HCER 
and LCER 


