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Abstract Lysophosphatidylcholines (lysoPCs) are a class

of compounds that have a constant polar head, and fatty

acyls of different chain lengths, position, degrees of satu-

ration, and double bond location in human plasma.

LysoPCs levels can be a clinical diagnostic indicator that

reveals pathophysiological changes. In this work, a method

was developed to discriminate between different types of

lysoPCs using reversed phase ultra-performance liquid

chromatography coupled to quadrupole time-of-flight mass

spectrometry, using mass spectrometry MSE. Isomeric

lysoPCs were distinguished based on retention time and the

peak intensity ratio of product ions, and 14 pairs of lysoPCs

regioisomers were identified in human plasma. The plasma

samples of 12 lung cancer patients and 12 healthy persons

were collected and analyzed by principal component

analysis to generate metabolic profiles of the identified

lysoPCs. Both electrospray ionization ESI? and ESI-

results showed that all lung cancer patients had the same

five lysoPC metabolic abnormalities, specifically in sn-1

lyso16:0, sn-2 lysoPC 16:0, sn-1 lysoPC 18:0, sn-1 lysoPC

18:1 and sn-1 lysoPC 18:2. Thus, the function of isomers

with different fatty acyl positions may be related to lung

cancer, and this may help elucidate the mechanism of the

disease.
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1 Introduction

Metabonomics is a key method in systems biology that

examines the dynamics of metabolic profiles during disease

onset. In clinical trials, the primary goals of metabonomics

are searching for, and identifying disease biomarkers

(Jia et al. 2007; Lenz and Wilson 2007; Lu and Xu 2008;

Wang et al. 2005). Using multivariate statistical methods

such as principal component analysis (PCA), metabonom-

ics processes data from information-rich analytical tech-

niques and generates spectral patterns for evaluation.

However, comprehensive investigation of the metabolome

is complicated by its complexity and dynamic nature, and

many unknown variables can introduce errors in sample

comparison. In addition, unknown biomarker identification

is complicated by the lack of good analytical techniques

and standards, especially information such as structures,

that are needed to identify minor compounds (Lenz and

Wilson 2007; Lu and Xu 2008; Theodoridis et al. 2008).

Knowing that a class of compounds is involved in a disease

from the beginning of a search, can simplify metabonomics

and make the process more effective.

Lysophosphatidylcholines (lysoPCs) are products or

metabolites of phosphatidylcholines (PCs), which are

structural components of animal cell membranes. The

structure of lysoPCs is a constant polar head, and fatty

acyls that differ in chain length, position, and degree of

saturation. LysoPCs occur in two forms, with the fatty acyl

groups at positions 1 (sn-1) or 2 (sn-2) on the glycerol

backbone. The sn-1 lysoPCs are produced by phospholi-

pase A2 and the sn-2 lysoPCs by phospholipase A1 (Hirano
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et al. 2004; Thies et al. 1992). The two lysoPC forms are

found in different ratios in vivo, which would influence

their removal from the blood, and their uptake, acylation

and catabolism in tissues (Thies et al. 1992; Morash et al.

1989; Besterman and Domanico 1992). Consequently,

these isomers have a biological significance.

Electrospray ionization (ESI) mass spectrometry (MS)

coupled with reversed phase high performance liquid

chromatography (RPLC) has been used to analyze lysoPCs

and regioisomers in complex soybean extracts (Fang et al.

2003). This method combines chromatographic resolution

with the rich structural information and sensitivity of MS

and MS/MS. RPLC separates lysoPC regioisomers into

individual molecular species (Fang et al. 2003; Adlercreutz

and Wehtje 2001; Creer and Gross 1985), while MS

determines the acyl chain regioisomers by comparison of

the intensity ratio of characteristic fragment ions (Han and

Gross 1996). These work showed that lysoPCs can be well

separated and detected based on RPLC/MS. Until recently,

no studies have used this method to investigate their

changes for possible use in lung cancer diagnosis using

plasma. Besides, UPLC/MSE (Plumb et al. 2006) plays an

important role in generating molecular fragment informa-

tion for biomarker structure elucidation, however, no work

has used this method to identify lysoPC regioisomers.

To our knowledge, previous reversed-phase chromatog-

raphy systems used in metabonomic analysis identified only

the number of the carbons in the acyl groups, without

specifying the sn-position (Sutphen et al. 2004; Yin et al.

2006; Jia et al. 2008; Cai et al. 2009a; Chen et al. 2009).

However, lysoPCs with different sn-positions are metabo-

lites in different pathways. Therefore, these regioisomers are

expected to have different biological and biophysical

properties. For disease studies, the position of the acyl group

in lysoPC markers is necessary to understand their biologi-

cal roles. However, few studies have used this method to

identify regioisomers, or to investigate their changes for

possible use in lung cancer diagnosis using plasma.

Previous studies have shown that lysoPC in vivo can be

used to synthesis PC in the endoplasmic reticulum of the

liver or kidney, using acyl-(coenzyme A) as a donor (Gurr

et al. 2002). Hence, in metabonomics studies of liver and

kidney diseases, such as chronic hepatitis B (Yang et al.

2006) and diabetes mellitus (Zhang et al. 2009a), lysoPCs

have been used as markers. Recently, Shindou et al.

(Nakanishi et al. 2006; Shindou et al. 2009) found that

lysoPC can be converted to PC by lysoPC acyltransferases

(LPCATs) in the pulmonary surfactant, where they decrease

lung surface tension, performing an essential function for

respiration. The incidence of lung disease activity would

inevitably lead to LPCATs dysfunction, which arise the

diversity and content changes of lysoPCs. LysoPCs are also

recognized as potent mediators of cell activation

(Fukushima et al. 1998; Hla et al. 2001; Samuelsson et al.

1987). Thus, circulating of lysoPCs may be an important

contributing factor for lung function abnormalities, and

lysoPCs may be useful as disease markers. As the lung

cancer metabonomics research began rather late and the

mechanism of lung cancer is not yet clear, there are not any

effective treatments to hold back and treat lung cancer

disease.

In this study, we analyzed lysoPCs in human plasma,

and developed a method using ultra-performance RPLC

coupled to quadrupole time-of-flight mass spectrometry

(UPLC/Q-TOF) to identify lysoPCs and their isomers. This

method was applied to a metabonomics study on lung

cancer patients and healthy people, discovering abnor-

malities in five lysoPCs, including isomers.

2 Experimental

2.1 Sample collection and preparation

The fasting blood sample (2 ml) was added to an EDTA-

containing tube to inhibit phospholiphase activity and

deposited at room temperature for 30 min, then centrifuged

at 3000 rpm at 4�C for 10 min. The supernatant was

transferred to a 1.5 ml microtube (Axygen, Central

Avenue, Union City, CA 94587, USA) and stored at

-80�C until assayed. For the analysis of plasma phos-

pholipids, the sample was thawed at room temperature.

Lipids were extracted from human plasma by precipitating

protein with 4:1 (acetonitrile/human plasma) and centri-

fuging at 14,000g for 10 min. The supernatant was

lyophilized and dissolved in 100 ll solvent (4:1, acetoni-

trile/water) before injected into the UPLC/Q-TOF system.

Three microlitre of each sample was injected onto the

column. For metabonomics study, plasma samples were

collected from 12 healthy controls (aged from 52 to

73 years), 12 patients with squamous cell carcinoma (aged

from 59 to 69 years) before breakfast. And these samples

were treated in the same way.

2.2 UPLC/Q-TOF analysis

Sample analysis was performed on a Waters ACQUITY

Ultra Performance LC system (Waters, Milford, MA) which

was coupled with a Q-TOF premier (Waters MS Technol-

ogies, Manchester, UK). And the column (ACQUITY

UPLC BEH C18 1.7 lm, 2.1 9 100 mm) temperature was

maintained at 30�C for all of the analysis. The inject volume

was 3 ll. The column was eluted with a liner gradient of

5–100% B, where A = 0.1% formic acid and B = aceto-

nitrile. The gradient duration was 30 min at a flow rate of

0.35 ml/min-1. All the samples were injected in a random
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order. A blank was analyzed between every three samples

to avoid carry over. The standard sample consisted of

10 lg/ml sn-1 lysoPC 18:1 in 80% acetonitrile/water

solution was analyzed before and after experiment.

Mass spectrometry was operated in both negative and

positive ion electrospray mode in V optics mode. The

capillary voltage and the cone voltage were set at 3.0 kV

and 40 V for positive electrospray mode and 2.5 kV and

40 V for negative electrospray mode, respectively. The

nebulization gas was maintained at 800 l/h-1 at a tem-

perature of 350�C, the cone gas was set to 50 l/h-1, and the

source temperature was set to 120�C. The MCP detector

voltage was set to 1600 V. The data acquisition rate was

set to 0.5 s with a 0.02 s interscan delay. The scan range

was from 50 to 1000 m/z. Data was collected in centroid

mode. All analyses were acquired by using the lock spray

to ensure accuracy and reproducibility; leucine-enkephalin

was used as the lock mass at a concentration of 50 pg ml-1

and flow rate 0.02 ml min-1, generating an ion at

556.2695 Da in ESI? mode and an ion at 554.2771 Da in

ESI- mode. The lock spray frequency was set at 25 s. MSE

analysis was performed on a Waters Q-Tof Premier mass

spectrometer set at 5 eV for low collision energy and

25 eV for high collision energy.

2.3 Data extraction and analysis

The raw data were analyzed by the MarkerLynx applica-

tions manager version 4.0 (Waters, Manchester, UK) first.

The software uses ApexTrack peak detection to integrate

peaks in UPLC/MS data (Cai et al. 2009b; Idborg et al.

2005). After data acquisition Waters MarkerLynx software,

it was exported to a CSV file, which includes the infor-

mation of the m/z, retention time, height, and area of the

extracted ion chromatograms (XIC) peaks. Then the 28

target ions sets were selected and fed to SIMCA-P soft-

wares from Umetrics (Sweden) for further analysis.

3 Results and discussion

3.1 Sample preparation and analysis

LysoPCs were extracted from plasma by precipitating with

acetonitrile (Rainville et al. 2007; Bruce et al. 2008; Want

et al. 2006). Considering the migration of acyl groups in

lyso-phospholipids under some conditions, all the samples

were stored at 4� exacted simultaneously and analyzed

immediately after treatment. The migration wasn’t observed

on the chromatography by using the standard of sn-1 lysoPC

18:1 before and after the whole experiment.

For sample analysis, a UPLC column with sub-2-um

porous stationary phase particles was used to obtain better

quality and higher throughput. A full scan of human plasma

samples was performed in both positive and negative

modes. Base peak intensity (BPI) chromatograms from a

healthy male volunteer are shown in Fig. 1.

3.2 Identification of endogenous metabolites

Identifying lysoPCs and regioisomers requires detailed

examination of the MS/MS information. For lysoPC MS/

MS analysis, we used MSE(Bateman et al. 2007), a tech-

nique in which precursor and fragment mass spectra are

simultaneously acquired by alternating between high and

low collision energy during a single chromatographic run.

Performance was tested with UPLC coupled to a Q-tof

Premier mass spectrometer, with electrospray in both

positive and negative MSE mode. Due to the increased

efficiency of the column packed with 1.7 um particles,

narrower peaks could be obtained. For this reason, MSE

could offer the MS fragmentation of every peak. Head-

group-specific fragmentation of lysoPCs resulted in two

diagnostic fragment ions of m/z 184.1 and 104.1 in positive

mode (data not shown), as discussed previously (Rainville

et al. 2007; Liebisch et al. 2002).

Fig. 1 Examples of BPI

chromatograms from UPLC-MS

analysis of plasma from a

healthy control. a positive

ionization mode. b negative

ionization mode
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Lysophospholipids exist in two forms in vivo, sn-1

lysoPC and sn-2 lysoPC. As regioisomers, they have the

same fragmentation ions because of their closely related

structures, so discrimination is difficult. Sn-1 and sn-2

lysoPC can be distinguished with a collision-induced

dissociation (CID) pathway for the regioisomers using

ESI-MS, and analyzing the peak intensity ratio of the

product ions at m/z 104 and 147, generated from [M ? Na]?

in the positive-ion mode (Han and Gross 1996). However,

subsequent research found that the regioisomers can

yield different fragments. For example, LC-MS/MS analy-

sis of a lysoPC standard mixture resulted in cleavage of

sn-1 lysoPC, yielding prominent phosphocholine cations

(m/z 184) with more than 80% relative intensity (Fang et al.

2003). In contrast, phosphocholine cations from the sn-2

lyso-PC regioisomer were of low prominence. To distin-

guish the regioisomers in our experimental conditions, we

used the ratio of fragmentation ions at m/z 184.1 and 104.1,

and the retention time. The proposed high-energy CID major

pathway in positive mode is in Fig. 2.

Using the characteristics of lysoPC fragmentation, and

the principles of MSE, we generated an identification pro-

cess for lysoPCs in plasma. First, extracted ion chromato-

grams (XIC) of fragmentation ions at m/z 184.1 and

104.1 m/z were used to determine the retention time for

lysoPC peaks. Next, the exact molecular weights were

calculated from the retention time peaks that gave the

adduct molecular ion peak in low-energy positive and

negative conditions. The mass of fatty acid fragments in

high-energy negative conditions indicated the number of

carbons, and the intensity ratio of m/z 184.1 and 104.1

fragmentation ions discriminated between the sn-1 and

sn-2 isomers, since the ratio of the ion pair is more than 1

for sn-1, and less than 1 for the sn-2 isomer. This process

identified 28 types of lysoPCs in human plasma (Table 1).

The high separating ability of UPLC allowed baseline

separation of individual lysoPCs (Table 1, second column),

demonstrating the accuracy of mass fragments for each

isomer.

Figure 3 shows the XIC of m/z 184.1 and m/z 104.1

fragmentation ions. The first peak, with a retention time of

15.72 min (Fig. 3c, Peak 1), showed m/z 468.3162 and

490.2823 in the low collision-energy mass spectrum. The

difference between the two is 21.9661, which plus H

molecular weight is 22.9740 Da, which indicated that the

latter was [M ? Na]? and the molecular mass could be

467.3083 Da. In negative mode, peak 1 gave m/z 452.2878

and 512.2995 in the low-energy condition. These two ions

were inferred to be [M-CH3]- and [M ? HCOO]-,

respectively, by exact mass results. An abundant fatty acid

fragment, [C13H27COO]- was observed at m/z 227.1980 in

the high-energy negative conditions. Accordingly,

[M ? H]?, the metabolite with m/z 468.3162,was identi-

fied as C14:0 lysoPC.

To discriminate between the sn-1 and sn-2 acyl chain

positions, high collision-energy mass spectra were ana-

lyzed further. It should be noted that, these analyses also

can be produce [M ? Na] ? and they are fragmented at the

same time with [M ? H]? in the MSE mode. However, the

abundance of [M ? Na]? is less than 10% of [M ? H]? in

low-energy positive conditions (Fig. 4), and the relative

influence can be ignored. The fragments of sn-1 lysoPC

18:1 were almost unanimouslyin between the MSE mode

and traditional MS/MS mode (data not shown). For this

reason, the influence about fragments of [M ? Na]? or

other low abundance of ion were not considered. Besi-

des,the powerful chromatographic resolution has ensured

the base line separation of the main lysoPCs, such as

Fig. 2 Proposed high-energy

collision-Induced dissociation

major pathways of lysoPCs

regioisomers in positive
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lysoPC 18:0, 18:1, 18:2 and their corresponding isomers

(Fig. 5 and Table 1, second column). As the result, the

relative intensities of fragments in high-energy positive

conditions were less affected, and the intensity ratio of m/z

184.1 and 104.1 fragmentation ions can be used for isomer

assignment.

In high-energy positive conditions, ion intensity ratios

clearly showed that peak 1 was sn-2 lysoPC, and peak 2

was sn-1 lysoPC. Structures are in Fig. 4. Other lysoPCs

compounds were identified in a similar manner. A standard

of sn-1 lysoPC 18:1 was used to confirm the accuracy of

molecular weight, retention time and fragment ion identi-

fication in the positive mode. Qualitative results for 28

endogenous metabolites are in Table 1, and indicate that

lysoPCs are always present in the human plasma in the

form of regioisomers.

The retention times for both the sn-1 and sn-2 isomers

increased by acyl chain, with the acyl chain from the sn-2

to the sn-1 position having the greatest effect on retention

time. Previous studies found that, in reversed-phase mode,

lysoPC isomers containing an acyl substituent at the sn-2

position eluted before their 1-acyl lysoPC counterparts

(Creer and Gross 1985), and the elution order from these

studies confirmed our identification.

3.3 LysoPCs profiling of human plasma

for classification between healthy people

and lung cancer patients

Based on successful identification of lysoPCs, plasma

lysoPCs from 12 lung cancer patients and 12 healthy

volunteers were investigated, to find potential disease

biomarkers and reveal pathophysiological changes in lung

cancer. Since environmental differences and variations in

diet (Solanky et al. 2003), sex (Cai et al. 2009b), estrus

cycle (Bollard et al. 2001), lifestyle (Jernstrom et al. 2003),

Table 1 Qualitative identification results of lysoPCs in human plasma

Var Ret.

Time

Molecular ion

([M ? H]?)

[M ? Na]? Character

fragments

Molecular ion

([M ? HCOO]-)

Character

fragments

Identification Acyl

position

1 16.2252 468.3104 490.2949 184.1, 104.1 512.3104 227.1977 LysoPC 14:0 sn-1

2 15.7251 468.3171 490.2897 184.1, 104.1 512.3171 227.1824 sn-2

3 16.9623 494.3239 516.3107 184.1, 104.1 538.3239 253.2123 LysoPC 16:1 sn-1

4 16.6298 494.3324 516.3107 184.1, 104.1 538.3324 253.2186 sn-2

5a 18.8392 496.3156 518.3217 184.1, 104.1 540.3156 255.2211 LysoPC 16:0 sn-1

6a 18.3116 496.3314 518.3212 184.1, 104.1 540.3314 255.2235 sn-2

7 16.713 518.326 540.3182 184.1, 104.1 562.326 277.2163 LysoPC 18:3 sn-1

8 16.4657 518.3272 540.3188 184.1, 104.1 562.3272 277.2171 sn-2

9a 17.7954 520.3183 542.3167 184.1, 104.1 564.3183 279.2228 LysoPC 18:2 sn-1

10 17.3522 520.3343 542.3204 184.1, 104.1 564.3343 279.2272 sn-2

11a 19.4418 522.3444 544.3374 184.1, 104.1 566.3444 281.2441 LysoPC 18:1 sn-1

12 18.9858 522.3543 544.3398 184.1, 104.1 566.3543 281.2399 sn-2

13a 21.6063 524.3549 546.3498 184.1, 104.1 568.3549 283.2548 LysoPC 18:0 sn-1

14 21.0582 524.3681 546.3579 184.1, 104.1 568.3681 283.2605 sn-2

15 16.5461 542.3245 564.3123 184.1, 104.1 586.321 301.209 LysoPC 20:5 sn-1

16 16.1741 542.3312 564.3101 184.1, 104.1 586.3279 301.1983 sn-2

17 17.8191 544.3287 566.3224 184.1, 104.1 588.3287 303.23 LysoPC 20:4 sn-1

18 17.4358 544.3383 566.3243 184.1, 104.1 588.3383 303.2306 sn-2

19 18.742 546.3504 568.3425 184.1, 104.1 590.3504 305.2435 LysoPC 20:3 sn-1

20 18.3131 546.3563 568.3425 184.1, 104.1 590.3563 305.2321 sn-2

21 20.142 548.3715 570.3613 184.1, 104.1 592.3715 307.2606 LysoPC 20:2 sn-1

22 19.6627 548.3754 570.3608 184.1, 104.1 592.3754 307.2444 sn-2

23 22.0236 550.3885 572.3732 184.1, 104.1 594.3885 309.2758 LysoPC 20:1 sn-1

24 21.5159 550.3908 572.3805 184.1, 104.1 594.3908 309.2332 sn-2

25 17.7385 568.3325 590.3209 184.1, 104.1 612.3325 327.2272 LysoPC 22:6 sn-1

26 17.39 568.3421 590.3174 184.1, 104.1 612.3421 327.197 sn-2

27 16.5457 564.3099 586.2892 184.1, 104.1 608.3067 301.2129 LysoPC 22:4 sn-1

28 16.1779 564.3085 586.2998 184.1, 104.1 608.3102 301.1901 sn-2

a The top 5 markers that play important roles in the classification of healthy people and lung cancer patients
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time of sampling (Beckwith-Hall et al. 2002), and drug

dosing vehicle (Beckwith-Hall et al. 2002) can all influence

the metabolome, a rigorous sampling selection was per-

formed. Plasma was collected before breakfast in the same

pathological type in same geographic region, and healthy

controls and patients were selected to have similar ages,

from 52 to 73 years. Raw data completed with pretreatment

and PCA analysis was exported to SIMCA-P for further

analysis. According to retention time and MS data, only the

ion intensity of 28 target variables, including retention time

and m/z pairs for each metabolite peak from the dataset,

were arranged as columns of a matrix, with the 24 samples

as matrix rows. This matrix was subjected to PCA analysis,

and statistical analysis with the SIMCA-P to obtain

potential biomarkers.

The PCA plot showed clear separation between patients

and controls using the first two components (Fig. 6). This

unsupervised PCA analysis showed a trend in lysoPC

changes between patients and controls. Components that

play important roles in the separation were picked out

according to the parameter VIP (Variable Importance in the

Projection). Both ESI? and ESI- showed the same five

VIP value, specifically sn-1 lysoPC 16:0, sn-2 lysoPC 16:0,

sn-1 lysoPC 18:0, sn-1 lysoPC 18:1 and sn-1 lysoPC 18:2.

The five lysoPCs were obviously decreased in lung cancer

patients, and they showed that not all regioisomers corre-

lated to lung cancer. Only lysoPC 16:0 regioisomers

showed metabolic abnormality in lung cancer, sn-1 lysoPC

18:0 and sn-1 lysoPC 18:1 showed large changes (Fig. 7),

and sn-2 lysoPC 18:0 and sn-2 lysoPC 18:1 showed little

change. LysoPCs have been reported to be markers for

diabetes (Zhang et al. 2008, 2009a), atherosclerosis (Zha

et al. 2009; Zhang et al. 2009b), ovarian cancer (Sutphen

et al. 2004), intestinal fistulas (Yin et al. 2008), chronic

renal failure (Jia et al. 2008) and liver cancer (Chen et al.

2009; Yang et al. 2004), but the acyl position of the

lysoPCs was not considered in all of these studies, and

individual lysoPC were not identified as markers. Because

lysoPCs are markers for many diseases, changes in one or

two lysoPC regioisomers may not be clear, causing the

lysoPC to lose its specificity as a disease marker. However,

we hypothesize that isomer ratios might be different in the

Fig. 3 a Electrospraypositive total ionchromatogram (TIC) of

UPLC/MS separation of analytesextracted from the supernatant

of protein precipitated human plasma from a healthy control;

b Electrospraypositive extracted ion chromatogram (XIC) of m/z
184.1 and 104.1 of UPLC/MS separation of lysoPCs. c the

magnification of the XIC with retention time from 14 to 24 min
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diseases for which lysoPCs are markers. Whether individ-

ual lysoPC levels change between healthy people and

patients needs to be investigated. Our results support the

proposal that individual lysoPC isomers play different

essential roles in lung cancer patients and healthy people.

3.4 Biomarkers related to lung cancer

When identifying markers, the reasons for abnormal in

vivo changes must be explained. Pulmonary surfactant

contains mainly dipalmitoyl-PC and some of PCs with

oleic acid (18:1), linoleic acid (18:2), linolenic acid (18:3)

at the sn-2 position (Nakanishi et al. 2006; Bernhard et al.

2004; Postle et al. 2007). The conversion of these species

into the disaturated forms implies a phospholipase A2 step

to remove the unsaturated fatty acid. The resulting lysoPC

can be reacylated with acyl-CoA esters, as first described

by Lands (Lands 1958, 1960). The necessary enzyme is

reported to be present in lung (Lands 1960; Garcia et al.

1975; Longmore et al. 1979; Ohta et al. 1972).

One factor in the decrease of sn-1 lysoPCs may be

explained by the remodeling pathway (Lands’ cycle). In

Fig. 4 Comparison of the isomers from a plasma extract of a control

(peak 1 and 2 in Fig. 2) with different acylchain position in both

positive and negative modes with the utility of MSE. a, e Low

collision energy mass spectra of peak 1and 2 in positive mode.

b, f High collision energy mass spectra of peak 1 and 2 in positive

mode. c, g Low collision energy mass spectra of peak 1 and 2 in

negative mode. d, h High collision energy mass spectra of peak 1 and

2 in negative mode
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lung cancer, cell proliferation is associated with a high

metabolic state, and abnormal expression of LPCAT1

results in a decrease in sn-1 lysoPC 16:0. The decrease of

other sn-1 lysoPCs might be explained in the same way.

We also observed a decrease in sn-2 lysoPC 16:0, however

the mechanism in our case was not clear and further studies

will be needed to confirm the relationship.

4 Conclusions

Many species of lysoPCs were found in human plasma in

the form of regioisomers. We identified 28 plasma lysoPC

species by UPLC/Q-TOF using the MSE method. The

plasma lysoPCs from 12 patients with lung cancer and 12

healthy volunteers were investigated showing that different

Fig. 5 Electrospraypositive

extracted ion chromatogram

(XIC) of lysoPC 18:0, 18:1,

18:2 from a healthy human

plasma

Fig. 6 Targets lysoPCs in human plasma for classification with PCA between healthy people and lung cancer patients. a, b scores plot and

loading plot in positive mode. c, d scores plot and loading plot in negative mode
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lysoPC acyl positions may be related to pathophysiological

changes in lung cancer.
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