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Metabolic profiling of hepatitis B virus-related hepatocellular
carcinoma with diverse differentiation grades
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Abstract. The most effective diagnostic tool for the majority
of hepatocellular carcinoma (HCC) patients is determining the
differentiation grade of their tumors. However liver biopsies,
which are currently the most effective way of determining tumor
differentiation grade, have several limitations. The present
study was designed to select serum characteristic metabolites
that correlate with the differentiation grades of hepatitis B
virus (HBV)-related HCC, and so could be used in the clinic as
anon-invasive method of differentiating patients with different
grades of HCC. A total of 58 patients with HBV-related HCC
were included in the present study, and divided into three
groups according to their tumor differentiation grade. A
further 20 patients with HBV-related liver cirrhosis and 19
healthy volunteers were enrolled. Ultra-performance liquid
chromatography-mass spectrometry was used to analyze
endogenous metabolites. Multivariate statistical analysis was
used to examine the data using MZmine 2.0 software. The 14
metabolites that were highly correlated with specific differen-
tiation grades of HCC were then selected for additional study.
Receiver operator characteristic curve analysis was used to
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evaluate their clinical value. In total, 5 metabolites were finally
identified, including lysophosphatidylcholine (16:0), oleamide,
monoglyceride (0:0/15:0/0:0), lysophosphatidylcholine (18:0)
and lysophosphatidylcholine [22:5(7Z,10Z,13Z,16Z,19Z)]. All
these metabolites exhibited an excellent ability to distinguish
different types of HCC with various differentiation grades and
the area under the curve of these metabolites was up to 0.942,
showing promising clinical value.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer and the third leading cause of cancer deaths worldwide
with a <7% five-year survival rate (1-3). Globally, infection
by the hepatitis B virus (HBV) is the most prevalent cause
of HCC. The prognosis of HCC can be influenced by several
clinicopathological factors, such as liver function, number
of nodules, tumor size, vascular invasion and differentiation
grade (4-6). Among these, tumor differentiation grade is the
most significant factor in deciding on the type of therapy that
HCC patients should receive. The most widely used method
to assess differentiation grade are the Edmondson-Steiner
criteria (7). However, this is currently achieved using liver
biopsy, which may increase the risk of HCC further devel-
oping, for example, exposing patients to the risk of tumor
cell-seeding (8). In addition, needle biopsies have a significant
false-negative rate for the diagnosis of HCC due to sampling
errors (9). Furthermore, determination of the Edmondson
grades is likely to be affected by subjective factors and
therefore, additional studies that focus on the exploration of
non-invasive prediction of differentiation are required.
Recent advances in analytical chemistry have resulted in
metabolomics becoming an important way of understanding
disease mechanisms and identifying candidate biomarkers.
Metabolomics is defined as the comprehensive quantitative
and qualitative analysis of all metabolites in cells, tissues, or
biofluids in response to biological interventions or environ-
mental factors (10,11). An increasing number of studies focus
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on the pathogenesis and biomarkers of HCC using metabo-
lomics methodology. Thus metabolomics may provide a way
to select characteristic metabolites that can distinguish HCC
patients with diverse differentiation grades without having to
carry out a biopsy.

In the current study, an ultra performance liquid chroma-
tography and linear trap quadrupole (UPLC-LTQ)-Orbitrap
XL mass spectrometry (MS) analytical platform was used to
analyze the serum metabolic profiling of HBV-related HCC
patients with diverse differentiation grades. Following selec-
tion and identification of the metabolites, their clinical value
was assessed by receiver operator characteristic curve (ROC)
analysis and area under the curve (AUC) analysis.

Materials and methods

Chemicals and instruments. All solvents used in the present
study were high performance liquid chromatography (HPLC)
grade without modification. Formic acid and acetonitrile were
obtained from Merck (Merck Millipore, Darmstadt, Germany).
Distilled water was produced using a Milli-Q Reagent Water
System (EMD Millipore, Billerica, MA, United States).
Standard preparations of Lysophosphatidylcholine (LysoPC)
(16:0) and LysoPC (18:0) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Calibration standards [caffeine, Ultra-
mark 1621 and methionine-arginine-phenylalanine-alanine
(MRFA)] were provided by Thermo Fisher Scientific Inc.
(Waltham MA, United States). UPLC was performed using an
Accela system (Thermo Fisher Scientific Inc. Waltham, MA,
United States). MS was performed with a LTQ Orbitrap XL
hybrid mass spectrometer (Thermo Fisher Scientific Inc.).

Enrolled population and sample collection. A total of 58
HBV-related HCC patients were included in the current
study. All samples were obtained between October 2013 and
March 2015 from inpatients and outpatients at the Tianjin
Third Central Hospital, Tianjin, China. HCC was diagnosed
in accordance with clinical practice guidelines proposed
in 2012 (12), and the diagnostic results were confirmed by
histopathological examination. The patients were divided
into three groups according to the Edmondson-Steiner
criteria: Group A included 21 patients with high-grade HCC
(Edmondson-Steiner I), group B included 23 patients with
middle-grade HCC (Edmondson-Steiner II), and group C
included 14 patients with low-grade HCC (Edmondson-Steiner
III/TV). The pathological images of HCC tissue are presented
in Fig. 1. A further 20 patients were diagnosed with
HBV-related liver cirrhosis (LC), and were all classified
as Child-Pugh A grade (13). These patients were put into a
different group, called Group LC. All of the patients within
the current study were confirmed to have no secondary liver
cancer, other systemic tumors, diabetes or other metabolic
diseases. A control group was also included, consisting of
19 healthy volunteers, all were confirmed to have normal
liver function, no viral hepatitis, no alcohol or nonalcohol
fatty liver, no metabolic disease or other complications. The
demographic and clinical characteristics of all participants
are presented in Table I.

None of the participants were on any medical treatment for
the 4 weeks prior to sample collection. Fasting blood samples
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were collected and centrifuged at 2,000 x g for 30 min. The
sera were separated, aliquoted and stored at -80°C.

The study protocol was approved by the Hospital Ethics
Committee of Tianjin Third Central Hospital and adhered
to the tenets of the Declaration of Helsinki. All participants
voluntarily joined this study and provided their informed
consent prior to commencing any study procedures.

Sample preparation. Prior to UPLC/MS analysis, serum
samples were thawed at room temperature and an aliquot of
100 ml of serum sample was mixed with 300 ml methanol. The
mixture was vibrated for 30s and then left to stand for 45 min
at room temperature. The mixture was then centrifuged at 4°C
at 10,000 x g for 30 min. The supernatant was filtered using a
0.22 ym membrane (Merck Millipore, Darmstadt, Germany).

Sample analysis. Chromatography was performed using an
Accela system (Thermo Fisher Scientific Inc.) equipped with
a binary solvent delivery manager and a sample manager.
The analytical column was a Thermo Hypersil GOLD
(2.1 mm xID5, mm, 1.9 ym) C18 reverse phase column. The
injected volume was 10 ul and the flow rate was maintained
at 200 ul/min. The temperatures of the sample manager and
column oven were set at 4°C and 20°C, respectively. For UPLC
analysis, the mobile phase consisted of 0.1% formic acid
aqueous solution (phase A) and 0.1% formic acid acetonitrile
solution (phase B) (Merck Millipore). Chromatographic sepa-
ration was performed within 21 min per sample: i) 95% phase
A and 5% phase B were held for 2.5 min initially; ii) Phase
B was gradually escalated to 95% in the following 7 min;
iii) Phase B was maintained at 95% for 3 min and then gradu-
ally reduced to 5% in the following 6 min; iv) 5% phase B was
held for 2.5 min to balance the analytical column.

MS was performed in positive mode. The following
parameters were employed: Ion spray voltage, 4.5 kV; capillary
voltage, 30 V; cone voltage, 150 V; desolvation temperature,
350°C; sheath gas flow rate of 30 arb and assistant gas flow
rate of 5 arb (99.999% nitrogen). Data were collected in
centroid mode and the mass-to-charge ratio (m/z) range was
set at 50-1000. MS resolution was 100,000 full width at half
maximum (FWHM) and calibration standards were used,
including caffeine, Ultramark 1621 and MRFA (Thermo
Fisher Scientific Inc.). MS/MS analysis was performed by
using collision-induced dissociation at 35% normalization
collision energy and the collision gas was 99.999% helium.

Statistical analysis. MZmine 2.0 software (14) was used
for peak detection, alignment and normalization. The filter
conditions were: Each chromatography peak signal-to-noise
ratio >30, the retention time tolerance at + 0.1 min and
the m/z tolerance at +0.01 Da. SIMCA-P+ ver. 12.0.1.0
software (Umetrics, Malmo, Sweden) was used to establish
the principal component analysis (PCA) and orthogonal
partial least squares discriminant analysis (OPLS-DA)
model of all the samples and the result was checked by cross
validation described previously (15,16). Preliminary selec-
tion of characteristic metabolites was accomplished using
the corresponding variable influence on projection (VIP)
value, confidence interval and coefficient plot generated by
the OPLS-DA model. SPSS ver. 17.0 software (SPSS Inc.,
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Table I. Clinical parameters for HCC, LC, and control groups.

HCC group (n=58)

Control group

Parameters Group A (n=21) Group B (n=23) Group C (n=14) Group LC (n=20) (n=19)
Male/female 14/7 17/6 11/3 14/6 12/7

Age 56454 56.7+6.2 55.3+5.8 56.3+5.3 57.0+6.1

ALB (g/) 40.30 (37.90-47.30) 40.80 (39.55-44.85)  40.55(39.17-43.57) 41.23 (37.54-42.57) 47.70 (45.4-49 40)
ALT (U/D) 33.00 (19.00-60.13)  39.00 (22.00-79.50)  47.00 (26.50-78.50) 29 (19.00-40.00) 18.00 (15.00-21.00)
AST (U/) 34.00 (27.00-57.50)  34.00 (22.00-71.50) 39.00 (16.75-75.84)  27.5 (18.00-43.25) 20.00 (17.00-24.00)
GGT (U/) 56.00 (32.00-78.00) 71.00 (45.50-160.00) 103.50 (58.75-147.50) 35 (19.00-53.00) 16.00 (13.00-26.00)
TBA (umol/l) 8.70 (4.10-11.87) 8.80 (4.15-22.14) 9.00 (6.55-16.02) 0.86 (0.50-1.87)  1.90 (1.200-2.400)

AFP (ng/ml) 145.29 (3.96-897.29) 156.45 (2.34-1103.23) 152.97 (12.14-1210.24)  3.19(1.21-9.85)  2.71 (2.11-3.38)

HCC, hepatocellular carcinoma; LC, liver cirrhosis; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transpeptidase; TBA, total bile acid; AFP, alpha-fetoprotein. All data are presented as median (range), except age and gender.

Figure 1. Pathological image of hepatocellular carcinoma (HCC) tissues (hematoxylin-eosin staining, magnification, x400). (A) High-grade differentiated

HCC, (B) middle-grade differentiated HCC, and (C) low-grade differentiated HCC.

Chicago, IL United States) was used to evaluate the statis-
tical significance of differences of the variances among
diverse groups. The ROC curves were generated and the
corresponding AUC was calculated. P<0.05 was considered
to indicate a statistically significant difference.

Identification of the characteristic metabolites. Some char-
acteristic ions were identified by comparing the secondary
mass spectrum and retention index with authentic reference
standards. Due to the high resolution of the Orbitrap XL MS
(100,000 FWHM), other characteristic metabolites were iden-
tified by checking the accurate m/z value against the Human
Metabolome DataBase (http:/hmdb.ca). Matching substances
that had m/z deviations <0.01 were considered for further

identification when the ionization modes were the same as
those used in the HMDB database. After MS/MS scanning, the
secondary mass spectrometer (MS2) spectra of characteristic
ions were obtained and compared with theoretical fragments
from preliminary results. This established that the MS2 m/z
deviation was <0.2, the top three peaks matched and that there
was =80% match between the preliminary and secondary
mass spectra. The theoretical fragments were derived using
Mass Frontier 6.0 software (Thermo Fisher Scientific Inc.).

Results

Metabolic profile. The total ion chromatograms of a single
sample from each patient group acquired by the UPLC-MS
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Figure 2. Total ion chromatogram of a single sample from each group was chosen randomly. (A) High-grade differentiated hepatocellular carcinoma (HCC),
(B) middle-grade, (C) low-grade, (LC): Liver cirrhosis, (healthy): Healthy volunteers. The RT, retention time was the same for all groups.
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Figure 3. The ability of metabolic profiling to distinguish hepatocellular carcinoma (HCC) patients with diverse differentiation grades. (A) Principal compo-
nent analysis (PCA) model with all samples, (B) orthogonal partial least squares discriminant analysis (OPLS-DA) model with all samples, and (C) OPLS-DA
model with samples only from HCC patients.

platform are presented in Fig. 2. Using the MZmine ver. 2.0  samples. Following pre-treatment, a PCA model was estab-
software, this pre-treatment sought out 950 integral peaks lished (R2X=44.7%, Q2=19.4%), as well as an OPLS-DA
following extraction ion chromatography detection in all model (R2X=74.5%, R2Y=82.5%, Q2=49.6%), using data
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Table II. Metabolite identification.
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Content®
Metabolite Adduct® B/A C/B C/A
LysoPC (16:0)* [M+H]* Down (P=0.01) Down (P=0.001)
Oleamide [M+Nal* Down (P=0.001) Down (P=0.001) Down (P=0.001)
MG (0:0/15:0/0:0) [M+NH,]* Down (P=0.003) Down (P=0.001)
LysoPC (18:0) [M+Nal* Down (P=0.001) Down (P=0.001)
LysoPC [22:5(7Z,10Z,13Z,16Z.,197)] [M+H]* Down" (P=0.003)

“Metabolites identified by standard comparison. "Tonospheric models of mass spectrometry cationic scanning. “Comparison of character-
istic metabolites integral peak area in the 3 groups. M/Z, mass-to-charge ratio; RT, retention time; LysoPC, lysophosphatidylcholine; MG,

monoglyceride.
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Figure 4. The receiver operator characteristic curve (ROC) of the identified metabolites and alpha-fetoprotein (AFP). (A) ROC of metabolites distinguishing
group A from B and C; (B) ROC of metabolites distinguishing group C from A and B; (C) ROC of metabolites distinguishing groups A and C; (D) the AFP

ROC distinguishing groups A and C.

from all groups. No significant outliers were identified in the
PCA model, indicating the pretreatment consistency was satis-
factory and the analysis-detecting system was stable. However
the PCA model did not show significant clustering tendency
(Fig. 3A). In contrast, the OPLS-DA model (Fig. 3B), which
constituted with the first predictive principal component and
second predictive principal component, revealed a clustering
tendency of data from each group.

Selection and identification of characteristic metabolites.
For the purpose of exploring endogenous characteristic
metabolites relating to differentiation grade, the characteristic
metabolites affecting the clustering tendency of the OPLS-DA

model within groups A, B and C were selected following
two steps: i) A new OPLS-DA model was established
(R2X=66.2%, R2Y=91.1%, Q2=64.7%) based on the three
HCC groups (Fig. 3C); ii) Ions with a variable importance
value (VIP) >1 were selected, and the ions which included
zero in the confidence interval in the VIP diagram or the
coefficient plot were excluded as previously described (17).
Following these steps, 14 ions were selected as candidates for
identification.

According to the process mentioned previously (18), 5 of
the 14 selected ions were identified. The final results and statis-
tical differences among the three HCC groups are presented in
Table II.
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ROC analysis. The ROC curves were generated from the
identified metabolites and alpha-fetoprotein (AFP; Fig. 4) to
uncover the specificity of the previously identified metabolites
in distinguishing HCC patients with diverse differentiation
grades, and therefore their clinical value. The AUC of LysoPC
(16:0) and Oleamide for distinguishing Group A from Groups
B and C were 0.743 and 0.788 respectively. Moreover, the AUC
of Oleamide, MG (0:0/15:0/0:0) and LysoPC (18:0) for distin-
guishing Group C from Groups A and B were 0.849, 0.781
and 0.727 respectively. In addition the AUC of LysoPC (16:0),
Oleamide, monoglyceride (MG) (0:0/15:0/0:0), LysoPC (18:0)
and LysoPC [22:5(7Z,10Z,137,16Z,197)] for distinguishing
Group A from Group C were 0.760, 0.942, 0.861, 0.728 and
0.707 respectively. However, the AUC of AFP for distin-
guishing Group A from Group C was 0.616, with no significant
difference.

Discussion

Identifying the correct differentiation grade of HCC is an
important basis for the selection of an effective treatment
that provides patients with the best long-term prognosis.
DuBay et al (19) have previously reported that surgical resec-
tion of poorly differentiated HCC could increase patient
mortality rates by 25 times. As reported previously, low-grade
differentiation is an independent prognostic factor for HCC
patients (20). Therefore, there is a clinical imperative to establish
an effective strategy for identifying HCC patients with diverse
differentiation grades. Histological methods such as biopsies
are invasive and not generally accepted by patients. Imaging
parameters, including contrast-enhanced ultrasound washout
rate and apparent diffusion coefficient value, are related to
HCC differentiation grades (21,22), but remain unsatisfactory.

Metabolomics, a top-down systems biology approach,
is often used to explore disease mechanisms and search for
candidate diagnostic biomarkers. Therefore, the present study
focused on the metabolic profile of HCC patients with diverse
differentiation grades, with the aim of selecting characteristic
metabolites to accurately identify each differentiation grade.

The five metabolites identified are lipid metabolites
involved in inflammation and signal transduction, and it is
well known that the liver is important in lipid metabolism.
Unfortunately, the results could not explain why the amounts
of metabolites differed among the three groups. To understand
how these metabolites work in patients with different types of
HCC, further studies are required.

LysoPC is generated by the action of phospholipase A2 on
membrane phosphatidylcholine, the most abundant cellular
phospholipid (23). LysoPC has been reported to be decreased
in patients with HCC (24). Compared with the control group,
LysoPC [22:5(7Z,10Z2,13Z,16Z,197)] was decreased in the
HCC patients group (not shown). All three types of LysoPC
demonstrated an ability to distinguish HCC patients with
diverse differentiation grades. Decreased LysoPC levels may
therefore indicate poorly differentiated HCC.

Oleamide s the prototype long chain primary fatty acid amide
lipid messenger, first identified in human serum in 1989 (25).
It is known to mediate the drive to sleep, has profound effects
on thermoregulation, and acts as an analgesic in several models
of experimental pain (25). The present study demonstrated a
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reduction in Oleamide levels when the differentiation degree
decreased. Although its association with differentiation degree
remains unclear, the ability of Oleamide to distinguish HCC
patients with diverse differentiation merits further study.

In conclusion, the successful establishment of a meta-
bolic profiling model revealed that utilizing metabolomics
is a promising approach to find characteristic metabolites
in serum that may be used to distinguish HCC patients with
diverse differentiation grades. The 5 characteristic metabolites
identified, Lysophosphatidylcholine (16:0), Oleamide, Mono-
glyceride (0:0/15:0/0:0), Lysophosphatidylcholine (18:0) and
Lysophosphatidylcholine [22:5(7Z,10Z,137,16Z,19Z)], have
this ability. Future research should focus on these character-
istic metabolites to confirm their clinical value. In addition,
research into the pathways related to these metabolites would
provide reliable evidence supporting their use clinically.
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