
sis model (R2X = 76.5%, R2Y = 93.7%, Q2 = 68.7%) 
with 2 predicted principal components and 5 orthogo-
nal principal components were established in the three 
tissue groups. Forty-nine ions were selected, 33 ions 
passed the 2 related samples nonparametric test (P  < 
0.05) and 14 of these were further identified as charac-
teristic metabolites that showed significant differences 
in levels between the central tumor tissue group and 
distant tumor tissue group, including 9 metabolites 
(L -phenylalanine, glycerophosphocholine, lysophos-
phatidylcholines, lysophosphatidylethanolamines and 
chenodeoxycholic acid glycine conjugate) which had 
been reported as serum metabolite biomarkers for HCC 
diagnosis in previous research, and 5 metabolites (beta-
sitosterol, quinaldic acid, arachidyl carnitine, tetradeca-
nal, and oleamide) which had not been reported before.

CONCLUSION: Characteristic metabolites and meta-
bolic pathways highly related to HCC pathogenesis and 
progression are identified through metabolic profiling 
analysis of HCC tissue homogenates. 

© 2013 Baishideng. All rights reserved.
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Core tip: An ultra performance liquid chromatography-
mass spectrometry platform was used in the present 
study to identify characteristic metabolites in hepatitis 
B virus-related hepatocellular carcinoma tumor tissues. 
From an orthogonal partial least squares discriminant 
analysis model established to determine metabolic pro-
filing in the central tumor tissue group, adjacent tissue 
group and distant tissue group, 49 ions were selected 
and 14 of these were identified as characteristic me-
tabolites. The detection of these metabolites in tumor 
tissue not only confirmed the targeted traceability of 
previously reported serum biomarkers related to cancer 
diagnosis, but also provided novel targets for antican-
cer research.
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Abstract
AIM: To select characteristic endogenous metabolites 
in hepatitis B virus (HBV)-related hepatocellular car-
cinoma (HCC) patients and to identify their molecular 
mechanism and potential clinical value. 

METHODS: An ultra performance liquid chromatog-
raphy and linear trap quadrupole-Orbitrap XL-mass 
spectrometry platform was used to analyze endog-
enous metabolites in the homogenate of central tumor 
tissue, adjacent tissue and distant tissue obtained from 
10 HBV-related HCC patients. After pretreatment with 
Mzmine software, including peak detection, alignment 
and normalization, the acquired data were treated with 
Simca-P+software to establish multivariate statistical 
analysis based on a pattern recognition technique and 
characteristic metabolites highly correlated with chang-
ing trends in metabolic profiling were selected and fur-
ther identified.

RESULTS: Based on data acquired using Mzmine soft-
ware, a principal component analysis model (R2X = 
66.9%, Q2 = 21.7%) with 6 principal components and 
an orthogonal partial least squares discriminant analy-
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INTRODUCTION
Hepatocellular carcinoma (HCC) is currently an impor-
tant research topic in basic and clinical investigations due 
to its high malignancy, fast development, high mortality, 
complicated pathogenesis and significant individual dif-
ferences. There have been a number of  previous inves-
tigations on the molecular biology and proteomics of  
HCC[1-3]. However, the occurrence and development of  
this disease are not simply determined by innate genetic 
differences. The introduction of  metabolomics has pro-
vided more information in HCC investigations. Metabo-
lomics is the study of  biological systems where changes 
in metabolites after specific stimulation or interference 
are determined[4-7]. This type of  study focuses on the end 
products of  biological systems, which are a reflection of  
both the physiological and biochemical status, and are af-
fected by both genotype and environment and are close 
to biological characteristics. Thus it has the advantage of  
investigating the objective basis and generative mecha-
nism of  individual differences in metabolites.

Current metabolomic investigations in HCC are main
ly focused on identifying characteristic metabolites in 
serum or urine, revealing changes in the metabolic net-
work, and finally selecting potential biomarkers with clini-
cal application and exploring pathologic mechanisms[8,9]. 
For example, Wu et al[10] used gas chromatography/mass 
spectrometry (MS) to analyze metabolic profiling in 20 
male HCC patients and 20 healthy male volunteers. One 
hundred and three ions were detected and 66 ions were 
identified. Following t test analysis, 18 metabolites were 
significantly different between the central tumor tissue 
group and the distant tumor tissue group (P < 0.05). The 
ability to distinguish these 18 ions combined with alpha-
fetoprotein was analyzed by the receiver operating char-
acteristic curve (0.9275). This non-invasive method was 
considered quite promising. Tan et al[11] also used meta-
bolic analytical methods to select serum biomarkers for 
small HCC diagnosis. Metabolic profiling was performed 
in a diethylnitrosamine-induced rat HCC model, which 
is similar to human HCC in the histopathology of  liver 
disease development. The alterations in three metabolites, 
taurocholic acid, lysophosphoethanolamine 16:0 and 
lysophosphatidylcholine 22:5, were reported to be corre-
lated with disease progression and considered as potential 
biomarkers. In addition, serum metabolic profiling was 
performed in 262 HCC patients, 76 liver cirrhosis patients 
and 74 HBV patients. The results showed that the sensi-
tivity and specificity of  these ions all reached 80%, which 
was better than alpha-fetoprotein in distinguishing HCC-

liver cirrhosis. This research laid the foundation for the 
clinical application of  metabolic biomarkers. At the same 
time, Soga et al[12] research group reported that gamma-
glutamyl dipeptides were used as biomarkers for liver 
disease diagnosis. The metabolic profiling of  248 serum 
samples, including patients with 9 types of  liver disease, 
was performed using a capillary electrophoresis-MS 
platform. Gamma-glutamyl dipeptides were selected and 
found to be predictive of  a decrease in glutathione. Multi-
ple regression analysis showed that the selected biomark-
ers had the ability to distinguish different liver diseases.

In animal models, serum and urine analysis and sam-
ple collection are easy to perform, and HCC serum and 
urine metabolic profiling can reflect specific signs and 
reveal pathological mechanisms, however, the targeting 
ability of  these analyses is still limited. The present study 
used a ultra performance liquid chromatography and lin-
ear trap quadrupole (UPLC-LTQ)-Orbitrap XL MS ana-
lytical platform to perform metabolic profiling analyses 
on homogenates of  hepatitis B virus (HBV)-related HCC 
tumors removed by surgery. A metabolic profiling model 
was established and metabolic pathways highly related to 
HCC were characterized for further investigations on the 
genesis and progression of  HCC and the potential clini-
cal value of  characteristic metabolites.

MATERIALS AND METHODS
Chemicals and instruments
All solvents were high performance liquid chromatog-
raphy (HPLC) grade and used without modification. 
Formic acid and acetonitrile (ACN) were obtained from 
Merck (KGaA Merck, Germany). Distilled water was pro-
duced using a Milli-Q Reagent Water System (Millipore, 
Billerica, MA, United States). All standard [L-phenylal-
anine, glycerophosphocholine, chenodeoxycholic acid 
glycine conjugate and lysophosphatidylcholine (lysoPC) 
(18:0)] preparations were purchased from Sigma-Aldrich 
(St. Louis, MO, United States). Ultra performance liquid 
chromatography was performed on a Thermo Fisher 
Accela system (Thermo Fisher Scientific, Franklin, MA, 
United States). MS was performed on a Thermo Fisher 
(Thermo Fisher Scientific, Franklin, MA, United States) 
LTQ Orbitrap XL hybrid mass spectrometer. Other equi
pment included a Multifuge X1R high-speed centrifuge 
(Thermo Fisher Scientific, United States).

Sample collection
The 10 HBV-related HCC patients included in this study 
were all from the Department of  Hepatobiliary Surgery, 
Tianjin Third Central Hospital, and included 5 females 
and 5 males with average age of  54.2 ± 9.2 years. All 
patients voluntarily joined this study and gave informed 
consent. Tissue from the central area of  the tumor, adja-
cent tissue (1-2 cm from the tumor) and distant tissue (5 
cm from the tumor) were collected. Thirty samples (10 
samples in each group) were washed in hypothermic nor-
mal saline, dried using neutral filter paper and then stored 
at -80 ℃.
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Collection of  samples was performed according to 
the following instructions: (1) all 10 patients had chronic 
persistent HBV (no other hepatotropic virus infection, 
no long-term drinking behavior, no autoimmune hepati-
tis, no schistosomiasis infection and no genetic metabolic 
liver disease); (2) all 10 patients had solitary tumors < 5 
cm in diameter, and Barcelona Clinic Liver Cancer stage 
A1; (3) tissue pathological immunohistochemistry exami-
nation diagnosed HCC using hepatitis B surface antigen 
(+); the pathological section is shown in Figure 1. Sam-
ples were all HCC grade Ⅱ-Ⅲ differentiation. Invasive 
growth was detected using the appropriate specific stain. 
No cancer cells were detected at the incisional edge; (4) 
no radiotherapy or chemotherapy was performed before 
surgery; (5) no evidence of  endocrine or metabolic dis-
ease; (6) renal function, liver function, blood routine and 
hydropower solution pH were all in the normal range; 
(7) no severe infection was detected and parenteral nutri-
tion was used; and (8) patients' dietary requirements were 
managed by the Nutrition Department of  Tianjin Third 
Central Hospital to a relatively uniform standard, as a 
result, exogenous dietary influence on metabolic profiling 
was limited to the lowest level.

Sample pretreatment
Samples were thawed at room temperature and then 
weighed, 1:3 ultrapure water was added to each sample 
according to their weight before being homogenized. 
Tissue homogenate was subjected to ultrasonication at 
130 W × 60% for 3 cycles. One cycle included 10 s of  
ultrasonication and a 10 s interval (ultrasonication was 
performed in an ice-bath). Homogenate (400 µL) was 
centrifuged (4 ℃, 15000 g, 30 min). Supernatant (100 µL) 
was mixed with 400 µL methanol to precipitate proteins. 
The mixture was centrifuged at 4 ℃, 15000 g for 30 min. 
The supernatant was filtered using a 0.22 µm membrane. 
Quality control (QC) was the equivalent volume mixture 
in each sample.

Sample analysis
Chromatography conditions were as follows: Chromatog-
raphy was performed on a Thermo Fisher Accela system 

(Thermo Fisher Scientific, Franklin, MA, United States) 
which was equipped with a binary solvent delivery man-
ager, and a sample manager. The analytical column was a 
Thermo Hypersil GOLD (2.1 mm id × 50 mm 1.9 µm) 
C18 reversed phase column.

Mobile phase: Phase A: 0.1% formic acid (volume ratio), 
1 mL of  formic acid was added to a 1 L bottle of  HPLC-
grade water; Phase B: 95% ACN and 0.1% formic acid. 
And 950 mL ACN, 50 mL HPLC-grade water, and 1 mL 
formic acid were combined.

Chromatographic separation: Chromatographic sepa-
ration was performed isocratically within 15 min and 
the injection volume was 10 µL. The flow rate was set 
at 200 µL/min. The sample manager and column oven 
temperature were set at 4 ℃ and 20 ℃, respectively. The 
chromatographic elution gradient was initialized at 5% 
Phase B and held for 3 min. In consecutive 10 min peri-
ods, Phase B was gradually escalated to 50%, and then a 
rapid increase in Phase B to 95% was completed within 
3 min. After 4 min of  maintaining the high volume of  
organic phase gradient, Phase B was immediately reduced 
to 5% and this elution gradient was used to balance the 
analytical column for the final 4 min.

MS was performed on a Thermo Fisher (Thermo 
Fisher Scientific, Franklin, MA, United States) LTQ Or-
bitrap XL hybrid mass spectrometer[13], operating in the 
positive ion mode with an ion source voltage of  4.5 kV, 
a capillary voltage of  30 V, cone voltage of  150 V, de-
solvation temperature of  275 ℃, sheath gas flow of  30 
arb and assistant gas flow of  5 arb (99.999% nitrogen). 
Data were collected over 15 min in centroid mode over 
the mass range 50-1000 m/z. The MS resolution was 
at 100000 full width half  maximum (FMHW) and the 
calibration standards were provided by Thermo Fisher 
Scientific (caffeine, Ultramark 1621 and L-methionyl-ar-
ginyol-phenylalanylalanine acetate H2O). MS/MS analysis 
was carried out with collision-induced dissociation (CID) 
collision energy 35 (normalization collision energy) and 
the collision gas was 99.999% helium.

There were 14 QC samples throughout the test (equal 
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Figure 1  Pathological image of hepatocellular carcinoma tissues (hematoxylin-eosin staining, × 100). A: Moderately differentiated hepatocellular carcinoma 
(HCC), cancer emboli were observable in vessels; B: Moderately differentiated HCC, focal carcinoma tissue was observed in adjacent liver tissue.
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The stability of  the UPLC-MS system was adequately 
assessed by the analysis of  QC samples during the entire 
experimental period[16]. Through PCA of  14 data sets of  
QC samples, a PCA model with 2 principal components 
was established (Figure 3). Figure 3 shows the score plot 
of  QC sample sequence versus first principal component 
(the most influential factor which varied with time). From 
the QC principal component score plot we found that 
the UPLS-MS system was stable after the first 8 continu-
ous QC injections. In the test sample sequence, a QC 
sample was inserted after every 5 test samples to evalu-
ate the stability of  the system during the entire analytical 
process. The results showed that the detection system 
was stable throughout the experiment after the first 8 QC 
samples were injected (no outliers exceeding ± 2 SD were 
detected in the QC samples). According to a related ar-
ticle[17], the QC standard was set as follows: (1) ion peaks 
were defined as reliable peaks when their intensity was in 
the range of  ± 30% average ion intensity; (2) a QC sam-
ple was qualified if  its 70% ion peaks were reliable; and (3) 
experimental data were accepted only when 60% QC was 
qualified. In the present experiment, 11 of  14 QC sam-
ples (reliable ion peaks distributed among 70.5%-86.3%) 
inserted into the test sample sequence qualified and the 
qualified ratio was 78.5%, which meant that the analytical 
results were trusted. 

Ability of the metabolic profile to distinguish disease states
A PCA model with 6 principal components was estab-
lished (R2X = 66.9%, Q2 = 21.7%) and the score plot of  
its first two principal components is shown in Figure 4A. 
It can be seen that the central tumor tissue group and 
distant tissue group showed a clustering tendency in the 
direction of  first predictive principal component (X axis). 
The adjacent tissue group was located between the cen-
tral tumor tissue and distant tissue groups. Although the 
clustering tendency was not significant, its distribution 
could assess the development of  HCC. An OPLS-DA 
model was established using all 30 samples. The model 
had 2 predictive principal components and 5 orthogonal 
principal components (R2X = 76.5%, R2Y = 93.7%, Q2 
= 68.7%). As shown in Figure 4B, the score plot of  the 
first predictive principal component and first orthogonal 
principal component showed significant clustering ten-
dency. In the X axis direction, the changing tendency of  
metabolic profiling in the three groups reflected the de-
velopment of  HCC, at the same time differences between 
the three groups in metabolic profiling were significant. 
As a result, it was concluded that the first principal com-
ponent could reflect the development of  HCC. 

Selection of characteristic metabolites
Through metabolic profiling analysis of  the homogenates 
of  HCC tumor tissue, endogenous metabolites highly 
related to HCC were detected. The main focus of  the 
present study was the metabolites which had an obvious 
impact on clustering tendency of  the central tumor tis-
sue group and distant tissue group. First, the OPLS-DA 

volume mixture of  each analyzed sample). Before the 
samples were tested, 8 QC samples were analyzed con-
tinuously and the remaining QC samples were inserted 
into the sequence after every 5 samples were analyzed.

The sequence of  samples was randomly generated 
by the excel function before and after sample analysis 
(including QC), and cross-contamination was avoided by 
inserting a blank between adjacent samples. The whole 
experiment lasted 780 min.

Ethics statement
All samples were collected in accordance with the ethi-
cal guidelines and written consent protocols mandated 
by the Tianjin Third Central Hospital. The Institutional 
Review Board approved the collection of  serum for com-
prehensive metabolite characterization. All patients and 
all control individuals were approached using approved 
ethical guidelines and those who agreed to participate in 
this study, were required to sign consent forms. Patients 
could refuse entry, discontinue participation, or withdraw 
from the study at any time without prejudice for further 
treatment or management. All participants provided writ-
ten consent.

Statistical analysis
MZmine 2.0 was used for peak detection, alignment and 
normalization. The filter conditions were: chromatogra-
phy peak intensity signal/noise > 30, retention time toler-
ance = ± 0.1 min, and m/z tolerance = ± 0.01.

One of  the aims of  this study was to establish a 
model to predict the tissue metabolic profile in HCC. 
With the help of  Simca-P+12.0.1.0 (Umetrics, Sweden), 
software based on chemometrics methods, the OPLS-
DA supervised model was established. The detailed pro-
cess was as follows: The variables were firstly traded by 
Pareto scaling. The principal component analysis (PCA) 
and orthogonal partial least squares discriminant analysis 
(OPLS-DA) model of  all the samples were established 
and checked by cross validation[14,15]. The preliminary 
selection of  characteristic metabolites was accomplished 
using the corresponding variable importance (VIP) value, 
confidence interval and coefficient plot generated by the 
OPLS-DA model. The selected metabolites were then 
preliminarily confirmed by the S and SUS diagram. Fi-
nally, the variances were evaluated by SPSS 16.0 software 
(SPSS, United States), using the 2 related samples non-
parametric test.

RESULTS
Data pretreatment and QC analysis
The total ion chromatogram of  the central tumor tis-
sue group, adjacent tissue group and distant tissue group 
acquired by the UPLC-MS platform are shown in Figure 
2. After pretreatment and standardization using MZmine 
2.0, there were 211 integral peaks following extraction ion 
chromatography detected in QC samples and 215 peaks 
in test samples.
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model was established for the central tumor tissue group 
and distant tissue group (Figure 5A), which had 1 pre-
dictive principal component and 3 orthogonal principal 
components (R2Y = 97.6%, Q2 = 83.8%). The charac-
teristic metabolites with the ability to distinguish disease 
were selected in the established OPLS-DA model after 
the following two processes: (1) Among ions with VIP > 
1, excluded ions which included zero in the confidence 
interval in the VIP diagram (Figure 5B) and excluded 
ions which included zero in the confidence interval in the 
coefficient plot (Figure 5C, excluded ions were marked 
by black arrows)[18]; and (2) From the S-plot (Figure 5B), 
ions with a high degree of  variation (high horizontal or-
dinate value) and reliability (high vertical ordinate value) 
were selected. After these two steps, 14 ions were se-
lected. To limit the cover-up effect, a “blank’’ OPLS-DA 
model was established which excluded the 14 selected 
ions. The OPLS-DA model had 1 predictive principal 
component and 3 orthogonal principal components (R2Y 
= 97.1%, Q2 = 74.2%). Because the ability of  the “blank’’ 

model to distinguish disease was still high, other charac-
teristic metabolites were selected following the two steps 
previously mentioned, and 35 ions were selected. Among 
the total 49 ions selected, 33 ions passed the 2 related 
samples nonparametric test (P < 0.05).

Identification of characteristic metabolites
Some characteristic metabolites were identified by MS 
graphs when compared with the chromatographic peaks 
and mass spectrographic peaks of  the standard (including 
MS1 and MS2). Identification of  other selected ions was 
performed as follows: Firstly, because of  the high resolu-
tion of  the Orbitrap XL mass spectrometer (resolution 
set as 100000 FMHW), characteristic metabolites were 
preliminarily identified by checking accurate m/z on the 
Human Metabolome DataBase (http://hmdb.ca/). The 
matching metabolites were retained for further identifica-
tion according to the rules that m/z deviation was below 
0.01, with equal charge number and with suitable ioniza-
tion mode. Secondly, after MS/MS scanning, MS2 graphs 
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of  the characteristic ions were obtained and then com-
pared with theoretical fragments of  previous preliminary 
results according to the rules that MS2 m/z deviation 
was below 0.2, matching the top three peaks and at least 
80% of  secondary MS graphs (secondary MS fragments 
were generated by the ion trap CID model). The theoreti-
cal fragments were derived using Mass Frontier 6.0. The 
final identified results and statistical differences among 

the three groups are shown in Table 1 (only 14 identified 
metabolites are listed). 

DISCUSSION
HCC, the fifth commonest cancer and the third most 
common cause of  cancer-related death, accounts for 6% 
of  all cancers worldwide[19,20]. Fifty percent of  diagnosed 
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Figure 5  Selecting process of characteristic metabolites. A: Orthogonal partial least squares discriminant analysis model of the central tumor tissue group and 
distant tissue group, each point in the figure represents a sample; B: Variable importance (VIP) diagram with confidence interval (green bars were excluded metabo-
lites, the others were target metabolites); C: Coefficient plot of included variants in the VIP diagram (variants marked by arrows were excluded metabolites); D: S-plot 
of selected ions passed last two steps of filtering (points marked by red frame represent characteristic metabolites). Distant: Distant tissue group; Central: Central 
tumor tissue group. 
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HCC cases occur in China[21-23]. Because it takes a long 
time for HCC to occur in liver cirrhosis patients, early 
diagnosis of  HCC is of  great importance. Lots of  effort 
has gone in discovering early biomarkers in human fluid, 
especially in serum, to monitor the occurrence and devel-
opment of  HCC[11,24,25]. Unfortunately, although the bio-
markers discovered in serum have great potential value 
in clinical and subclinical areas, their targeting ability and 
specificity are still limited. The present study determined 
serum metabolic profiling of  HCC and provided new re-
search targets for molecular biology. 

Tissue metabolic profiling, especially human tissue 
metabolic profiling has several advantages in metabo-
lomics investigations[26,27]. For example, compared with 
serum metabolic profiling, tissue metabolic profiling 
reflects the metabolic changes in certain target lesions in 
tissues or organs instead of  changes in the whole meta-
bolic system. Thus, it has higher targeting ability, specific-
ity and is affected by fewer exogenous influencing factors, 
such as psychological changes in patients. Compared with 
animal tissue metabolic profiling, where the model is gen-
erally induced by a single factor, human tissue metabolic 
profiling reflects the natural physiological changes of  le-
sions and is trusted in investigations on the occurrence 
and development of  certain diseases.

Following tissue metabolite profiling of  HBV-related 
HCC, 215 ions were detected and after multivariate sta-
tistical analysis of  their relative levels (integral peak area 
of  extraction ion), 14 ions were selected as characteristic 
metabolites and then identified. Of  these characteristic 
metabolites, 9 had been suggested as serum metabo-
lite biomarkers for HCC diagnosis in previous reports, 
including L-phenylalanine, glycerophosphocholine, ly-
soPCs, lysophosphatidylethanolamines (lysoPEs) and 
chenodeoxycholic acid glycine conjugate[11,28-30]. The pres-
ent results enhanced the targeting ability of  these char-
acteristic metabolites, as alterations in these metabolites 
occurred in HCC cells. 

The remaining 5 identified characteristic metabolites 
have seldom been reported, including Beta-Sitosterol, 
Quinaldic acid, Arachidyl carnitine, Tetradecanal, and 
Oleamide. This was possibly due to alterations in these 
metabolites which were too small to be observed in se-
rum or were masked by alterations in other metabolites. 
Although these metabolites did not show great value in 
clinical application as potential biomarkers, they still pro-
vided new targets for anticancer research. 

Previous research has shown that the levels of  11 
metabolites including beta-sitosterol, L-phenylalanine, 
lysoPCs, glycerophosphocholine, lysoPEs, chenodeoxy-
cholic acid glycine conjugate and quinaldic acid were 
significantly high in the distant tissue group compared 
with the central tumor tissue group. In contrast, the levels 
of  Arachidyl carnitine, tetradecanal and oleamide were 
significantly lower in the distant tissue group compared 
with the central tumor tissue group. A comparison of  the 
levels of  these metabolites in the adjacent tissue group 
showed that beta-sitosterol, quinaldic acid and oleamide 
were significantly lower in the central tumor tissue group, 
but relatively close to those in the central tumor tissue 
group. From these changes in metabolite levels, we can 
speculate that these endogenous metabolites correlate 
with the progression of  adjacent tissue to central tumor 
tissue and contain important information on the oc-
currence and development of  HCC. Further attention 
should be focused on these metabolites which will hope-
fully lead to the discovery of  novel potential biomarkers 
for cancer diagnosis and disease course monitoring and 
provide new targets for tumor therapy. 

In summary, the establishment of  a metabolic profil-
ing model and the analysis of  the characteristic metabo-
lites provided new perspectives for further research into 
the pathophysiology of  HCC. Following investigations 
on homogenates of  tumor tissue obtained during radical 
surgery of  HCC, detection and identification of  these 
previously reported potential biomarkers in human tissue 

Table 1  Metabolite identification results

m/z Retention time (min) Metabolite Adduct2 Content3

Normal/adjacent Adjacent/tumor Normal/tumor

453.345 4.39632 Sitosterol-β M + K [1+] Upa Upa

166.086 1.05638 L-phenylalanine1 M + H [1+] Upa Upb

520.341 6.84401 LysoPC [18:2 (9Z, 12Z)] M + H [1+] Upa Upb

258.111 0.77819 Glycerophosphocholine1 M + H [1+] Upb Upb

476.276 7.10121 LysoPE [18:3 (9Z, 12Z, 15Z)/0:0] M + H [1+] Upa Upb

450.322 5.88844 Chenodeoxycholic acid glycine conjugate1 M + H [1+] Upb Upb

568.342 6.78248 LysoPC [22:6 (4Z, 7Z, 10Z, 13Z, 16Z, 19Z)] M + H [1+] Upa Upb

212.02 5.54796 Quinaldic acid M + K [1+] Upb Upa

456.406 8.78787 Arachidyl carnitine M + H [1+] Downa Downb

504.308 7.89672 LysoPE (18:0/0:0) M + Na [1+] Upa Upa

546.357 7.08546 LysoPC (18:0)1 M + Na [1+] Upa Upb

566.323 6.82403 LysoPC [20:4 (5Z, 8Z, 11Z, 14Z)] M + Na [1+] Upb Upb

230.249 6.09076 Tetradecanal M + NH4 [1+] Downb Downb

282.28 9.02044 Oleamide M + H [1+] Downb Downb

1Metabolites identified by standard comparison; 2Ionospheric models of mass spectrometry cationic scanning; 3Comparison of characteristic metabolites’ 
integral peak area in the three groups. aP < 0.05, bP < 0.01 vs samples related non-parametric test. lysoPC: Lysophosphatidylcholine; lysoPE: Lysophosphati
dylethanolamines.
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enhanced their targeted traceability and a comparison of  
the changes in these metabolites in the central tumor tis-
sue group, adjacent tissue group and distant tissue group 
revealed metabolic information highly related to HCC 
development. More attention should be focused on these 
characteristic metabolites which will provide more po-
tential biomarkers for HCC diagnosis and development. 
In addition, further research into the pathways related to 
these metabolites would provide new clinical targets for 
HCC therapy. 
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