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Abstract

Purpose: To analyze the plasma lipid spectrum between healthy control and patients with pancreatic cancer and to 
select differentially expressed tumor markers for early diagnosis.

Methods: In total, 20 patents were divided into case group and healthy control group according to surgical pathology. 
Of almost 1206 plasma lipid molecules harvested from 20 patients were measured by HILIC using the normal phase 
LC/MS. Heat map presented the relative levels of metabolites and lipids in the healthy control group and patients 
with pancreatic cancer. The PCA model was constructed to find out the difference in lipid metabolites. The principal 
components were drawn in a score plot and any clustering tendency could be observed. PLS-DA were performed to 
distinguish the healthy control group and pancreatic cancer according to the identified lipid profiling datasets. The 
volcano plot was used to visualize all variables with VIP>1 and presented the important variables with P<0.01 and |FC|>2.

Results: The upregulated lipid metabolites in patients with pancreatic cancer contained 9 lipids; however, the 
downregulated lipid metabolites contained 79 lipids.

Conclusion: There were lipid metabolomic differences in patients with pancreatic cancer, which could serve as 
potential tumor markers for pancreatic cancer.
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Shanghai Fourth People’s Hospital was conducted 
during November 2018 to December 2018. The 
protocol of this study was approved by the Institutional 
Review Board of Shanghai Fourth People’s Hospital 
Affiliated to Tongji University School of Medicine 
(No.2019057-001). Written informed consent was 
obtained from each participant.

The case group was composed of 14 patients with 
pancreatic cancer who were clinically preliminary 
diagnosed by imaging examination (CT or MRI) 
combining with serum tumor marker and then finally 
confirmed by surgical pathology. The control group was 
composed of 6 healthy patients with regular physical 
examination. The mean age was 57.50 year in the control 
group and 60.21 year in patients with pancreatic cancer. 
There were 3 patients with T2N0Mx, 4 patients with 
T2N1Mx, 3 patients with T2N2Mx and 4 patients with 
T3N1Mx. According to the postoperative pathological 
results, 10 cases were moderately differentiated ductal 
adenocarcinoma and 4 cases were poorly differentiated 
ductal adenocarcinoma.

The exclusion criteria for both patients in the case 
group and the control group were the diagnosis of 
chronic pancreatitis, periampullary tumor, cholangitis, 
hyperlipemia, and prior to taking of statins. Also 
excluded were patients who performed chemotherapy 
or blood transfusions within the last 6 months.

Sample collection

Plasma samples were separated from whole blood 
that was obtained by venipuncture for 14 patients with 
pancreatic cancer and 6 healthy controls. The plasma 
samples from patients with pancreatic cancer were 
collected in the week 1 before interventions. Of the 
14 patients, 12 underwent pancreaticoduodenectomy 
and 2 underwent resection of the body and tail of 
pancreas plus splenectomy. Plasma for 20 patients 
was initially stored at −80°C (frozen pipe, containing 
ethylenediamine tetraacetic Acid).

Lipid analysis

Of almost 1206 plasma lipid molecules harvested 
from 20 patients were measured by Hydrop Interaction 
Liquid Chromatography (HILIC) using the normal phase 
High-performance Liquid Chromatography-Mass 
Spectrometry (HPLC/MS). 

The modified Bligh & Dyer method was used to 
extract total fat from 200ul plasma. The internal 
standard cocktail (Avanti Lipids Polar) was added in 10uL 
to per sample number, and lipid extracts were subjected 
to the normal-phase silica liquid chromatography-
coupled triple-quadrupole mass spectrometers (Qtrap® 

 ■ Introduction

Pancreatic cancer is a deadly disease with a rising 
incidence, and it will become the second leading cause 
of tumor-related death in some areas. There were an 
estimated 55,400 new cases of pancreatic cancer in the 
United States in 2018, with 44,330 deaths1. Pancreatic 
cancer had a low 5-year survival rate (8%) in solid tumors 
mainly because of the difficulty in early diagnosis. 
Radical resection was the first choice for pancreatic 
cancer; however, most patients had already advanced 
tumors when they were first diagnosed2,3. Only 15-20% 
of patients with pancreatic cancer were eligible for 
radical surgical resection, so the core task of improving 
the surgical resectability of pancreatic cancer was to 
diagnose it earlier4.

Lipidomics was one of the metabolomics approach 
that focuses on lipids and was a promising technique 
for overviewing lipid profiles in blood and tissues5-7. It 
has been reported that the denovo synthesis of fatty 
acids was significantly higher in tumor cells and tumor 
tissues than that of normal cells to meet the needs of 
rapid growth and expansion of cells. In addition, cancer 
cells also accumulated lipids in the form of lipid drop8. 
However, few studies have been reported on lipid 
metabolism in pancreatic diseases. Lipid spectrum is 
helpful to understand the pathophysiological mechanism 
of disease and to explore its specific biomarkers; this 
was because lipids had a wide variety of biological 
functions, including protective membrane integrity, 
energy storage, signal transduction, and involvement in 
cell growth, proliferation, and death9-12. 

Mené et al reported that lipogenic enzymes were 
consistently overexpressed in many cancer types including 
pancreatic cancer9. Lipids could sufficiently promote the 
proliferation of pancreatic cancer cells lines; meanwhile, 
tumors could also activate the denovo synthesis of 
fatty acids regardless of the levels of circulating lipids. 
More than 93% triacylglycerol fatty acids were obtained 
by denovo synthesis and were activated by several 
signaling pathways7. Given lipidomics plays a major role 
in the development, evolution, metabolism and mechanic 
function of pancreas and pancreatic disease, we present 
our study on pancreatic cancer and heterogeneity of 
lipidomic profiles. Thus, we aimed to analyze the plasma 
lipid spectrum between healthy control and patients with 
pancreatic cancer and to select differentially expressed 
tumor markers for early diagnosis.

 ■ Methods

A case-control study that included 20 patients 
admitted into the Department of General Surgery, 
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4000 and 6500, Sciex, Framingham, MA, USA). Using 
positive and negative ESI modes, Q-trap operates in 
MRM mode, scanning for different precursor/product 
ion pairs. Each experiment was repeated three times. 
MultiQuant™ software (AB Sciex) processes the MRM 
data, and the peak area of each pair is used for further 
quantification. Frozen samples were thawed at room 
temperature and 0.1mL of each plasma sample was 
placed in a 2ml Eppendorf vial (Fisher Scientific). To 
precipitate proteins, methanol (2 mL), water (0.9 
mL) and dichloromethane (0.9 mL) were added and 
the mixture was vortexed for 5 seconds. 0.1ml of the 
internal standard mixture was added and left at room 
temperature for 30 minutes. 1ml of water and 0.9 ml 
of dichloromethane were added. Next, the mixture at 
20800 g was centrifuged for 10 minutes and the bottom 
organic layer was collected into a new Eppendorf 
bottle. The supernatant was mixed with 1.8ml 
dichloromethane, vortex for 5 seconds, centrifuged 
at 20800g for 10 minutes, recovering the remaining 
liposomes in the original extraction tube, and mixing 
the bottom layer with the liposomes collected after 
the first centrifugation. The composite substrates for 
each sample were concentrated under nitrogen and 
recombined in 0.25ml of the operating solution (10mM 
ammonium acetate, dichloromethane (50): methanol 
(50)). Quality control (QC) is a mixture of serum 
samples from all two groups of subjects, which were 
also processed and prepared in the same manner as 
individual samples, and analyzed using plasma samples 
for every 10 samples. The samples were transferred 
to test tubes for LC-MS analysis. Briefly, LC-MS/MS 
analysis was performed on an Agilent 1260 LC (Agilent 
Technologies, Santa Clara, CA) AB Sciex QTrap 5500 MS 
(AB Sciex, Toronto, Canada) system. MRM transfer was 
monitored in both negative and positive modes using 
MultiQuant 2.1 software (AB Sciex, Toronto, Canada) to 
integrate extracted MRM peaks.

Statistical analysis

All of these statistical methods were performed by R 
sofware version 2.14.1 (http://www.rproject.org) with 
R packages “Car”, “Coin”, “Corrgram”, “Gdata”, and 
“Psych”, “Pheatmap”. Statistical analysis of the numerical 
variables among the two groups was performed using 
Wilcoxon tests for nonparametric data. Principal 
component analysis (PCA) was performed to describe 
the distribution of all patients’ data. The volcano plot, 
including fold change and P value, showed the results 
of differential expression of lipid metabolites. The 
partial least squares-discriminant analysis (PLS-DA) was 
used to determine which lipid metabolites were a more 

reasonable explanation for the relationship among 
variables. PLS-DA was reconfirmed by the permutation 
testing that analyzed the separation distance for 1000 
permutations. The PLS-DA or orthogonal partial least 
square-discriminate analysis (PLS-DA) model was cross-
validated by reserved one-seventh of the variables, 
each sample being omitted once, to avoid overfitting. 
The variable importance in projection (VIP) value 
reflected the significance of those variables for the 
PLS-DA or OPLS-DA models. The VIP>1 was considered 
to be a statistically significant difference between the 
two groups. The distribution of components in the load 
matrix projection (S-plot) was carried out to describe the 
correlation (Y) using P value and the covariance (X). The 
heat map was presented by R software version 2.16.1 
(R-tools technology Inc, 2015, USA) to visualize time-
dependent changes of each lipid metabolite during the 
perioperative period. The analysis of variance (ANOVA) 
function of MetaboAnalyst (the Wishart Research 
Group, 2009, the University of Alberta) was performed 
to evaluate the number of lipid metabolites whose 
expression was significantly differential. The PLS-DA, 
heat map and volcano plot analysis were presented 
by MetaboAnalyst (http://www.metaboanalyst.ca). 
Heat map and volcano plot were performed by R 
sofware version 2.16.1 (http://www.rproject.org) with 
R packages “Pheatmap” and “ggplot2”.

 ■ Results

Heat map relating to the relative level of lipid 
metabolites

A total of 1206 identified lipid metabolites that 
derived from two groups were visually analyzed by 
heat map using hierarchical clustering (Fig. 1). The 
results of hierarchical clustering analysis showed 
that the healthy control group and pancreatic 
cancer group (represented in the green and red 
color respectively) showed a sort of clustering in 
some areas. This phenomenon indicated that the 
distribution of lipid metabolites was different among 
the two groups. Furthermore, the heat map also 
presented variations in the relative concentrations of 
various lipid metabolites. This information provided 
an overview of lipid metabolites differences between 
the healthy control group and pancreatic cancer 
group; however, more detailed analysis was needed 
to better understand the lipidomics associated with 
pancreatic cancer.

http://www.metaboanalyst.ca
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Multivariate analysis of lipidomics data

The PCA model was constructed to find out the 
difference in lipid metabolites between the healthy 
control group and the pancreatic cancer group. In 
addition, the PCA model also illustrated the largest 
variation for related data that acquired from lipid 
metabolites, which used a few orthogonal latent 
variables. The PCA evaluated and determined the 
major sources of variance, and allowed samples to be 
clustered according to the similarity and difference of 
measurement parameters. Similarly, an overview of 
metabolomics data, including tendency and grouping, 
could also be described. The principal components, 
especially the first principal component (PC1) and 

the second principal component (PC2), were drawn 
in a score plot and any clustering tendency could 
be observed (Fig. 2). The PC1 accounted for 31.3% 
of the total variance that analyzed the sample data 
according to the plasm lipid level, while the PC2 
accounted for 19.8%. And it may manifest that plasma 
lipid metabolites had a downward trend in patients 
with pancreatic cancer. The healthy control group 
and pancreatic cancer could be distinguished by the 
PCA score plot. The most valuable metabolites of 
PC1, including phospholipids and sphingolipids had 
significant difference between the two groups in the 
corresponding loading plot, and this characteristic 
could distinguish the healthy control group and 
patients with pancreatic cancer (Fig. 2).

Figure 1 - The heat map presented a top 100 of 1206 identified lipid metabolite. The hierarchical clustering analysis 
showed the healthy control group and pancreatic cancer group represented in the green and red color respectively.
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Screening for potential tumor markers

In our study, the partial least-squares-based 
multivariate classification method and PLS-DA were 
performed to distinguish the healthy control group and 
pancreatic cancer group according to the identified 
lipid profiling datasets. The PLS-DA derived score plot 
presented that component 1 could clearly distinguish 

the two groups, which accounted for 22.9% of the total 
variance. In addition, component 2 accounted for 16.8% 
of the total variance (Fig. 3). All of these results implied 
that various changes in lipid metabolites were associated 
with pancreatic cancer. Hierarchical clustering analysis 
of the 30 lipids with the highest VIP scores showed that 
there are differences in lipid metabolites in patients with 
pancreatic cancer (Fig. 3). 
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Figure 2 - A) The principal components showed that the PC1 accounted for 31.3% of the total variance and the PC2 
accounted for 19.8%. B) The abscissa of s-plot represents the correlation coefficient of principal component and 
metabolite, and the ordinate represents the correlation coefficient of principal component and metabolite. The purple 
dots represent metabolites.
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Lipidomics analysis

The volcano plot was used to visualize all variables with 
VIP>1 and presented the important variables with P<0.01 
and |FC|>2 (red mark) (Fig. 4). The upregulated lipid 
metabolites contained diacylglycerol (DAG) (18:1/20:4), 

triacylglycerol (TAG) 50:2-fatty acid (FA) 16:0, TAG 50:2-FA 
16:1, TAG 50:2-FA 18:2, TAG 48:1-FA 16:1, TAG 50:1-FA 18:1, 
phosphatidylinositol (PI) (16:0/22:5), phosphatidylserine 
(PS) (18:2/22:4) and phosphatidylcholine (PC) (16:0/16:1); 
however, the downregulated lipid metabolites contained 
79 lipids (Table 1).
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Figure 4 - The volcano plot showed that the upregulated lipid metabolites contained 9 lipids and the downregulated lipid 
metabolites contained 79 lipids.

Table 1 - The downregulated lipid metabolites contained 79 lipids (P <0.01, FC >2).

Lipid symbol Results Lipid symbol Results Lipid symbol Results

CE(24:0) C>S PE(O-18:0/20:3) C>S TAG48:1-FA16:1 S>C

CE(22:0) C>S PE(O-18:0/20:4) C>S TAG50:1-FA18:1 S>C

TAG56:2-FA20:0 C>S PE(O-18:0/20:5) C>S TAG50:2-FA16:0 S>C

TAG56:3-FA20:0 C>S PE(O-18:0/22:5) C>S TAG50:2-FA16:1 S>C

DAG(16:1/18:2) C>S PE(P-14:0/18:1) C>S TAG50:2-FA18:2 S>C

DAG(18:1/20:1) C>S PE(P-16:0/18:2) C>S DAG(18:1/20:4) S>C

PA(18:0/18:2) C>S PE(P-16:0/18:3) C>S PC(16:0/16:1)+AcO S>C

PA(18:0/18:3) C>S PE(P-16:0/20:3) C>S PI(16:0/22:5) S>C

PA(18:0/20:0) C>S PE(P-16:0/20:4) C>S PS(18:2/22:4) S>C

PA(18:0/20:3) C>S PE(P-18:0/16:0) C>S

PA(18:0/20:4) C>S PE(P-18:0/16:1) C>S

PA(18:1/18:2) C>S PE(P-18:0/18:0) C>S

PA(18:1/20:4) C>S PE(P-18:0/18:1) C>S

PA(20:0/16:1) C>S PE(P-18:0/18:2) C>S

continue...
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 ■ Discussion

Pancreatic cancer is regarded as the most common 
and lethal disease of the digestive tract tumors. Altered 
metabolism and tumor microenvironment are considered as 
the Hallmarks of cancer13. Given the above considerations, 
deep thinking about metabolic dysregulation in patients 
with pancreatic cancer could be a novel discovery of 
tumor therapeutic targets14. It has been widely certified 
that detection of a metabolic profile in serum by mass 
spectrometry-based techniques was a feasible and 
sensitive tool to improve early diagnosis rate of malignant 
diseases, such as gastroenterological cancers15. Recently, 
metabolomics has been reported in many studies as an 
effective tool for the early diagnosis of pancreatic cancer16-23. 
In our study, we used liquid chromatography tandem mass 
spectrometry (LC-MS/MS) to analyze the difference of 
lipidomics for healthy control group and patients with 
pancreatic cancer, and then provided a novel method to 
describe the lipidomic characteristics of pancreatic cancer.

In addition, the plasma liposomes were regarded as 
a comprehensive assessment for patients with pancreatic 
cancer compared to healthy controls. Although our study 

did not show remarkable changes in the total number 
of lipid subtypes, the specific variation in individual 
molecular types also reflected selective remodeling of 
tumor progression. Specifically, as shown in figure 4, 4 FFAs 
were significantly increased in patients with pancreatic 
cancer compared with the healthy control group, 
including FFA (22:2), FFA (22:4), FFA (20:1) and FFA (20:2). 
FFAs played an irreplaceable role in numerous biological 
functions. FFAs were regarded as a source of energy and 
precursors of signal paths and cellular components. The 
function of different types of FFAs remained unclear 
on cell proliferation and apoptotic activity in patients 
with pancreatic cancer. Our study found that FFAs were 
significantly decreased in patients with pancreatic cancer. 
And thess results were consistent with previous research 
report by Zhang et al.24. The signaling pathways, relating 
to FAs, for the growth and death of pancreatic cancer cells 
have not been fully elucidated. 

Our study showed that plasmalogen species alkyl-
phosphatidy lethanolamine (PE-O) and phosphatidy 
lethanolamine plasmalogens (PE-P) had the highest VIP 
scores. According to previous research, PE levels were 
increased in breast cancer and pancreatic cancer cells25. 

Lipid symbol Results Lipid symbol Results Lipid symbol Results

PA(20:0/18:1) C>S PE(P-18:0/18:3) C>S

PA(20:0/18:2) C>S PE(P-18:0/20:3) C>S

PA(20:0/18:3) C>S PE(P-18:0/20:4) C>S

PA(20:0/20:2) C>S PE(P-18:0/22:5) C>S

PA(20:0/20:3) C>S PE(P-18:1/18:0) C>S

PA(20:0/20:4) C>S PE(P-18:1/18:1) C>S

PA(20:0/22:5) C>S PE(P-18:1/18:2) C>S

PE(14:0/20:4) C>S PE(P-18:1/18:3) C>S

PE(14:0/22:5) C>S PE(P-18:1/20:3) C>S

PE(18:2/16:1) C>S PE(P-18:1/20:4) C>S

PE(O-16:0/16:0) C>S PE(P-18:2/18:2) C>S

PE(O-16:0/18:1) C>S PE(P-18:2/20:4) C>S

PE(O-16:0/18:2) C>S PG(14:0/20:4) C>S

PE(O-16:0/18:3) C>S PG(16:0/20:5) C>S

PE(O-16:0/20:2) C>S LPS(18:2) C>S

PE(O-16:0/20:3) C>S 15:0-18:1(d7)
PS_SPLASH C>S

PE(O-16:0/20:4) C>S PS(14:0/20:4) C>S

PE(O-16:0/20:5) C>S PS(14:0/20:5) C>S

PE(O-16:0/22:5) C>S PS(16:0/18:2) C>S

PE(O-18:0/16:0) C>S PS(18:1/18:2) C>S

PE(O-18:0/18:3) C>S PS(18:2/16:1) C>S

continuation...
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In our study, we found that some of the PE-O and PE-P 
were significantly elevated. Therefore, we visualized the 
crucial parameters with P<0.01 and |FC|>2, most of the 
downregulated parameters were PE-O and PE-P.

PE linked to ethers differs from the more common PEs 
in the use of fatty alcohols instead of fatty acids26. Elevated 
levels of ether lipids have been widely reported in tumor 
tissues, and the discovery of important biological activities 
of unique ether-like lipids such as platelet activation 
factor (PAF) has greatly stimulated interest in these 
lipids27,28. Therefore, we found that partial ether-linked 
phospholipids were elevated in patients with pancreatic 
cancer, providing important new information for the 
specific types of ether-linked phospholipids involved in 
pancreatic cancer. The upregulation of ether lipids in tumor 
cells may be related to the proliferation of cancer cells and 
the increased tumorigenic potential29. Ether-related PE has 
been implicated in a series of developmental and tissue 
injury-related pathogenic processes, where they could 
regulate membrane fluidity and prevent oxidative stress 
by reducing the presence of acetal phospholipids in ROS, 
characterized by ethylene ether linkages in a vinyl ether 
linkage of the sn1 alky1 chain30,31. 

In summary, we have identified a unique group of 
fatty acids associated with pancreatic cancer, providing 
new data for the study of lipid metabolomics in pancreatic 
cancer. Our results suggest that the damage of the residual 
lipolysis pathway of aldehyde fatty acid may be related to 
the development of pancreatic cancer. In addition, further 
studies are needed to determine the mechanism of these 
changes in aldehydes and to explore their potential clinical 
applications in pancreatic cancer. These studies will help 
better understand the aggressiveness of pancreatic 
cancer and identify therapeutic targets. However, this 
study also had some limitations, especially in the aspect of 
sample size. It was difficult to draw a definitive conclusion 
because of the small number of cases, and from our study 
we could only conclude that pancreatic cancer might be 
associated with lipidomics. Therefore, further research 
is needed to confirm the specific mechanism of lipomics 
associated with pancreatic cancer.

 ■ Conclusion

There were lipid metabolomic differences in patients 
with pancreatic cancer, which could serve as potential 
tumor markers for pancreatic cancer.

 ■ Acknowledgement

To Prof. Xiangdong Wang, Shanghai Zhongshan 
Hosiptal for her guidance on the design of the study.

 ■ References
1. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman 

JM, Matrisian LM. Projecting cancer incidence and 
deaths to 2030: the unexpected burden of thyroid, liver, 
and pancreas cancers in the United States. Cancer Res. 
2014;74(11):2913-21. doi: 10.1158/0008-5472.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA 
Cancer J Clin. 2017;67(1):7-30. doi: 10.3322/caac.21387.

3. Wolpin BM. Pancreatic cancer. Hematol Oncol Clin North 
Am. 2015;29(4):xiii-xiv. doi: 10.1016/j.hoc.2015.06.002.

4. Collisson EA, Bailey P, Chang DK, Biankin AV. Molecular 
subtypes of pancreatic cancer. Nat Rev Gastroenterol Hepatol. 
2019;16(4):207-20. doi: 10.1038/s41575-019-0109-y.

5. Chao HC, Chen GY, Hsu LC, Liao HW, Yang SY, Wang SY, 
Li YL, Tang SC, Tseng YJ, Kuo CH. Using precursor ion 
scan of 184 with liquid chromatography-electrospray 
ionization-tandem mass spectrometry for concentration 
normalization in cellular lipidomic studies. Anal Chim Acta. 
2017;971:68-77. doi: 10.1016/j.aca.2017.03.033.

6. Watson AD. Thematic review series: systems biology 
approaches to metabolic and cardiovascular disorders. 
Lipidomics: a global approach to lipid analysis in biological 
systems. J Lipid Res. 2006;47(10):2101-11. doi: 10.1194/jlr.
R600022-JLR200.

7. Taguchi R, Nishijima M, Shimizu T. Basic analytical systems for 
lipidomics by mass spectrometry in Japan. Methods Enzymol. 
2007;432:185-211. doi: 10.1016/S0076-6879(07)32008-9.

8. Menendez JA, Lupu R. Fatty acid synthase and the lipogenic 
phenotype in cancer pathogenesis. Nat Rev Cancer. 
2007;7(10):763-77. doi: 10.1038/nrc2222.

9. González-Domínguez R. Metabolomic approaches for 
phospholipid analysis: advances and challenges. Bioanalysis. 
2018;10(14):1069-71. doi: 10.4155/bio-2018-0098.

10. Ogretmen B. Sphingolipid metabolism in cancer signalling 
and therapy. Nat Rev Cancer. 2018;18(1):33-50. doi: 
10.1038/nrc.2017.96. Epub 2017 Nov 17.

11. Niaudet C, Bonnaud S, Guillonneau M, Gouard S, Gaugler 
MH, Dutoit S1, Ripoche N, Dubois N, Trichet V, Corre 
I, Paris F. Plasma membrane reorganization links acid 
sphingomyelinase/ceramide to p38 MAPK pathways in 
endothelial cells apoptosis. Biochem Cell Biol. 2017;33:10-
21. doi: 10.1016/j.cellsig.2017.02.001.

12. Li M, Yang L, Bai Y, Liu H. Analytical methods in lipidomics 
and their applications. Anal Chem. 2014;86(1):161-75. doi: 
10.1021/ac403554h.

13. Schulze A,Yuneva M. The big picture: exploring the 
metabolic cross-talk in cancer. Dis Model Mech. 
2018;11(8):pii: dmm036673. doi: 10.1242/dmm.036673.

14. Luengo A, Gui DY, Vander Heiden MG. Targeting metabolism 
for cancer therapy. Cell Chem Biol. 2017;24(9):1161-80. 
doi: 10.1016/j.chembiol.2017.08.028.

15. Suzuki M, Nishiumi S, Matsubara A, Azuma T, Yoshida 
M. Metabolome analysis for discovering biomarkers 
of gastroenterological cancer. J Chromatogr B Analyt 
Technol Biomed Life Sci. 2014;966:59-69. doi: 10.1016/j.
jchromb.2014.02.042.

16. Di Gangi I, Mazza T, Fontana A, Copetti M, Fusilli C, Ippolito 
A, Mattivi F, Latiano A, Andriulli A, Vrhovsek U, Pazienza 



Differences in lipidomics may be potential biomarkers for early diagnosis  
of pancreatic cancer

Zhou D et al.

Acta Cir Bras. 2020;35(5):e202000508

9 

V. Metabolomic profile in pancreatic cancer patients: a 
consensusbased approach to identify highly discriminating 
metabolites. Oncotarget. 2016;7(5):5815-29. doi: 10.18632/
oncotarget.6808. 

17. Kobayashi T, Nishiumi S, Ikeda A, Yoshie T, Sakai A, Matsubara 
A, Izumi Y, Tsumura H, Tsuda M, Nishisaki H, Hayashi N, 
Kawano S, Fujiwara Y, Minami H, Takenawa T, Azuma T, 
Yoshida M. A novel serum metabolomics-based diagnostic 
approach to pancreatic cancer. Cancer Epidemiol Biomarkers 
Prev. 2013;22(4):571-9. doi: 10.1158/1055-9965.EPI-12-1033.

18. He XH, Li WT, Gu YJ, Yang BF, Deng HW, Yu YH, Peng WJ. 
Metabonomic studies of pancreatic cancer response to 
radiotherapy in a mouse xenograft model using magnetic 
resonance spectroscopy and principal components 
analysis. World J Gastroenterol. 2013;19(26):4200-8. doi: 
10.3748/wjg.v19.i26.4200.

19. Bathe OF, Shaykhutdinov R, Kopciuk K, Weljie AM, McKay 
A, Sutherland FR, Dixon E, Dunse N, Sotiropoulos D, Vogel 
HJ. Feasibility of identifying pancreatic cancer based on 
serum metabolomics. Cancer Epidemiol Biomarkers Prev. 
2011;20(1):140-7. doi: 10.1158/1055-9965.EPI-10-0712.

20. Urayama S, Zou W, Brooks K, Tolstikov V. Comprehensive 
mass spectrometry based metabolic profiling of blood 
plasma reveals potent discriminatory classifiers of 
pancreatic cancer. Rapid Commun Mass Spectrom. 
2010;24(5):613-20. doi: 10.1002/rcm.4420.

21. Tesiram YA, Lerner M, Stewart C, Njoku C, Brackett DJ. 
Utility of nuclear magnetic resonance spectroscopy for 
pancreatic cancer studies. Pancreas. 2012;41(3):474-80. 
doi: 10.1097/MPA.0b013e31822a708c.

22. OuYang D, Xu J, Huang H, Chen Z. Metabolomic profiling 
of serum from human pancreatic cancer patients using1h 
nmr spectroscopy and principal component analysis. Appl 
Biochem Biotechnol. 2011;165(1):148-54. doi: 10.1007/
s12010-011-9240-0.

23. Zhang H, Wang Y, Gu X, Zhou J, Yan C. Metabolomic profiling 
of human plasma in pancreatic cancer using pressurized 
capillary electrochromatography. Electrophoresis. 
2011;32(3-4):340-7. doi: 10.1002/elps.201000431.

24. Zhang G, He P, Tan H, Budhu A, Gaedcke J, Ghadimi BM, Ried 
T, Yfantis HG, Lee DH, Maitra A, Hanna N, Alexander HR, 
Hussain SP. Integration of metabolomics and transcriptomics 
revealed a fatty acid network exerting growth inhibitory 
effects in human pancreatic cancer. Metabolomics. 
2013;19(18):4983-93. doi: 10.1158/1078-0432.CCR-13-0209.

25. Shah T, Krishnamachary B, Wildes F, Wijnen J, Glunde 
K, Bhujwalla ZM. Molecular causes of elevated 
phosphoethanolamine in breast and pancreatic cancer cells. 
NMR Biomed. 2018;31(8):e3936. doi: 10.1002/nbm.3936.

26. Magnusson CD, Haraldsson GG. Ether lipids. Chem Phys Lipids. 
2011;164(5):315-40. doi: 10.1016/j.chemphyslip.2011.04.010.

27. Hu CL, Du QC, Wang ZX, Pang MQ, Wang YY, Li YY, Zhou 
Y, Wang HJ, Fan HN. Relationship between platelet-based 
models and the prognosis of patients with malignant 
hepatic tumors. Oncol Lett. 2020;19(3):2384-96. doi: 
10.3892/ol.2020.11317.

28. Sun L, He Z, Ke J, Li S, Wu X, Lian L, He X, He X, Hu J, Zou Y, 
Wu X, Lan P. PAF receptor antagonist Ginkgolide B inhibits 
tumourigenesis and angiogenesis in colitis-associated 
cancer. Int J Clin Exp Pathol. 2015;8(1):432-40. 

29. Robinson MA, Graham DJ, Morrish F, Hockenbery D, 
Gamble LJ. Lipid analysis of eight human breast cancer cell 
lines with ToF-SIMS. Biointerphases. 2015;11(2):02A303. 
doi: 10.1116/1.4929633.

30. Braverman NE, Moser AB. Functions of plasmalogen 
lipids in health and disease. Biochim Biophys Acta. 
2012;1822(9):1442-52. doi: 10.1016/j.bbadis.2012.05.008.

31. Braverman NE, Moser AB. Functions of plasmalogen 
lipids in health and disease. Biochim Biophys Acta. 
2012;1822(9):1442-52. doi: 10.1016/j.bbadis.2012.05.008.

Correspondence:
Ling Zhou
Department of General Surgery
Shanghai Fourth People’s Hospital Affiliated to Tongji 
University School of Medicine
Shanghai, 200081  China
Phone: +86 021 56663031
zhouling_2005@126.com

Received: Jan 25, 2020
Reviewed: Mar 21, 2020
Accepted: Apr 22, 2020

Conflict of interest: none
Financial source: Shanghai Fourth People’s Hospital 
Affiliated to Tongji University School of Medicine 
Discipline Boosting Plan (SY-XKZT-2019-1006)

1Research performed at Department of General Surgery, 
Shanghai Fourth People’s Hospital Affiliated to Tongji 
University School of Medicine, Shanghai, China.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

https://creativecommons.org/licenses/by/4.0/deed.en

