Int J Clin Exp Pathol 2018;11(3):1763-1769
www.ijcep.com /ISSN:1936-2625/1JCEP0069524

Original Article

Differential diagnosis between hepatocellular
carcinoma and cirrhosis by serum amino
acids and acylcarnitines

Yong Zhang'*, Nan Ding*?*, Yunfeng Cao®*%, Zhitu Zhu3®, Peng Gao'??

1Translational Medicine Center, 2Clinical Laboratory, Affiliated Dalian Sixth People’s Hospital of Dalian Medi-

cal University, Dalian, People’s Republic of China; *Key Laboratory of Liaoning Tumor Clinical Metabolomics
(KLLTCM), Jinzhou, Liaoning, People’s Republic of China; “RSKT Biopharma Inc., Jinzhou, Liaoning, People’s
Republic of China; °Key Laboratory of Contraceptives and Devices Research (NPFPC), Shanghai Engineer and
Technology Research Center of Reproductive Health Drug and Devices, Shanghai Institute of Planned Parenthood
Research, Shanghai, People’s Republic of China; Surgery Department, The First Affiliated Hospital of Jinzhou
Medical University, Jinzhou, Liaoning, People’s Republic of China. "Equal contributors.

Received November 21, 2017; Accepted January 8, 2018; Epub March 1, 2018; Published March 15, 2018

Abstract: The routine biochemical parameters for hepatocellular carcinoma (HCC) diagnosis are all protein mark-
ers. Serum concentrations of these markers can be affected by some benign diseases. Most of the occurrence of
HCC has a background of cirrhosis, posing a great challenge to differential diagnosis of HCC from cirrhosis using
traditional biochemical parameters. Values of serum small molecular metabolites for HCC diagnosis are not fully
evaluated. In this study, a traditionalmass spectrometry-based screening strategy was employed to profile amino
acids and acylcarnitines in blood samples collected from HCC and cirrhosis patients. Each whole blood specimen
was sampled on filter paper and dried at room temperature. Metabolites in the dried blood spots were extracted us-
ing organic solvent and then concentrated for mass spectrometry analysis. It was found that 11 parameters, includ-
ing amino acids, acylcarnitines and some of their relevant ratios, could be used to construct a satisfied differential
diagnosis model. In this model, most of the relevant amino acids were essential amino acids. It was noticed that
short-chain acylcarnitines tended to be risk factors for HCC. Long-chain acylcarnitines seemed to be risk factors
for cirrhosis. This study demonstrates the value of mass spectrometry-based analysis for differential diagnosis of
HCC and cirrhosis. Improved differential diagnosis ability may be achieved by combined use of traditional protein
markers along with metabolite markers.
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Introduction effects, this invasive operation is reluctantly
accepted by both patients and clinicians [4].
Owning to the distinguished advantage of non-
invasiveness features, imaging modalities su-
ch as ultrasound scan, computed tomography,
and magnetic resonance imaging are prevailing
in clinics and playing key roles in HCC screen-
ing and diagnosis [4]. However, the diagnosis
accuracy is varied due to the expertise of the
clinicians. Compared to imaging techniques,

Hepatocellular carcinoma (HCC) is one of the
most common primary liver malignancies with
poor prognosis [1]. Among the risk factors, cir-
rhosis is ranked as the leading cause of HCC.
Clinically, nearly all patients diagnosed with
HCC have a background of cirrhosis [2]. Be-
sides, hepatitis virus infection, alcohol liver dis-
eases and fatty liver diseases contribute to

HCC to different extents [3].

To date, advances in HCC diagnosis are encour-
aging. Percutaneous biopsy is thought to be
one of the most reliable measures for HCC diag-
nosis. But, due to the various unexpected

serum biomarkers analysis is thought to be
cheaper, more objective, and sensitive [5]. The
most widely used biomarkers include, but not
limited to, alpha-fetoprotein (AFP), glypican-3,
heat shock protein 70, glutamine synthetase,
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t[2]

more specific for HCC [11], but
its ability to differentiate HCC
from cirrhosis is inferior to
AFP sometimes [12]. A meta-
analysis also indicated the dr-
awback of using glypican-3 al-
one for differential diagnosis
of HCC from cirrhosis [10]. Al-
though combined using vari-
ous biomarkers could improve
the HCC diagnosis accuracy
to some extent, the close rela-

tionship between HCC and cir-
rhosis still poses great chal-
lenge to accurate HCC diagno-
sis.

Unlike traditional immunologi-
cal techniques aimed at lar-
ge molecular protein detection,
mass spectrometry (MS) anal-
ysis is a strategy that can pre-
cisely quantify small molecule
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Figure 1. PLS-DA of the training sets data. A: Score plot of the PLS-DA. The
circles represented the cirrhosis patients and the rectangles showed the
HCC cases. B: The permutation test result of the PLS-DA model. R2 less
than 0.4 and Q2 less than zero meant an acceptable model. C: Metabolite

parameters with VIP>1.

and des-y-carboxyprothrombin (DCP) [6, 7].
The fact that nearly all the clinically utilized bio-
markers can be affected by benign diseases
limits the diagnosis efficiency of serological
analysis. For example, it has been estimated
that only half of HCC tumors secrete AFP.
Increased serum AFP concentrations can also
be found in patients suffering from virus he-
patitis, cirrhosis, and neurodegenerative dis-
eases [8, 9]. AFP’s diagnosis sensitivity is ro-
ughly less than 65% [10]. DCP is reported to be
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metabolites. Limited by the
propensity that one antibody
exclusively recognizes one
specific antigen, current serum
HCC protein biomarkers analy-
sis can only realize one-analy-
sis-for-one-protein. However,
MS analysis can simultaneous-
ly detect multiple metabolites
in a single run. This feature can
greatly improve the detection
efficiency.

€8/C10
(C16+C18)/ CO

The first introduction of MS
into the clinical laboratory was
for new born screening (NBS)
purpose [13]. The current MS-
based NBS strategy is to find
some inherited disorders by
quantifying varied amino acids
and acylcarnitines in the dried
blood spots (DBSs) samples collected on fil-
ter paper. Studies have demonstrated that
development and progression of HCC is
accompanied by various amino acids and
acylcarnitines fluctuating in the circulation [14,
15]. Additionally, many inherited disorders are
thought to be risk factors to oncogenesis [16].
This implies that metabolic disorders are close-
ly related to malignancies. In this light, the cur-
rent study tried to employ the MS strategy to
profile blood amino acids and acylcarnitines of
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Figure 2. ROC analysis based on the regression mod-
el. Area under the curve (AUC) was 0.947 with 95%
confidence interval of 0.898 to 0.977.

patients with HCC or cirrhosis. The aims of this
study were to test if this MS analysis could be
used for differential diagnosis of HCC and to
find which metabolites play key roles in sepa-
rating HCC from cirrhosis.

Material and methods
Samples

This study was approved by Ethnic Committee
of The First Affiliated Hospital of Jinzhou Me-
dical University. Informed consent was acquir-
ed from each patient. HCC and cirrhosis were
diagnosed as described elsewhere [17]. For
cirrhosis cases, there were 92 male (age 40-
78 years, median 53) and 44 female (age 42-
79 years, median 62.5) patients. For HCC pa-
tients, 41 males (age 44-78 years, median 61)
and 9 females (age 49-72 years, median 63)
were enrolled. All patients were randomly divi-
ded into a training group (~80% cases) and a
prediction group (the left ~20% patients). The
training group was used to construct a diag-
nosis model and the prediction group was uti-
lized to test the applicability of the model. All
the tested samples were collected in the form
of DBSs as described elsewhere [18]. Briefly,
fasting blood samples were collected onto
aseptic filter paper by finger puncture. Each
specimen paper was dried at room tempera-
ture and then stored at 4°C. For each analysis,
a DBS disc of 3 mm diameter was punched out.

1765

MS analysis

The DBS sample procession and MS analysis
methods were identical to what had been
described previously [17]. In brief, the DBS
discs were placed into a 96-well plate contain-
ing metabolite extraction solution and isoto-
pe labeled quantitation standards individually.
After the extract was dried by nitrogen flow,
1-butanol, and acetyl chloride were used for
metabolite derivatization for each sample. Su-
bsequently, every 100 pl of 80% acetonitrile
was employed to redissolve the individually
derivatized sample. For metabolite quantita-
tion, tandem MS analysis (MS/MS) was con-
ducted by using AB SCIEX 4000 QTrap system
(Framingham, MA). The equipment settings
were identical to the previous report [17]. The
target metabolites included 23 amino acids,
26 acylcarnitines, and 44 ratios derived from
them. The detailed metabolite information co-
uld be retrieved from our previous study [17].

Statistical analysis

For HCC and cirrhosis differentiation, a partial
least squares-discriminant analysis (PLS-DA)
was carried out by employing SIMCA-P v13.0
(Umed, Sweden) using the MS data. Parame-
ters playing significant roles in group separa-
tion were determined by their corresponding
variable importance in projection (VIP) [19].
According to the software, parameters of VIP
>1 were kept. Differences in metabolite con-
centrations were evaluated by t-test using MI-
NITAB v17.0 (State College, PA) and P<0.05
was deemed as statistical significance. A bina-
ry logistic regression analysis was conducted
to construct the differentiation model by us-
ing MINITAB v17.0. The utility of the model was
evaluated by area under the receiver operating
characteristic (ROC) curve.

Results

PLS-DA shows a clear separation trend be-
tween HCC and cirrhosis

For HCC and cirrhosis differentiation, a PLS-DA
was carried out. The score plot showed that
HCC and cirrhosis showed a clear separation
trend (Figure 1A). A permutation test based
on 100 iterations indicated that no over-fitting
occurred in this PLS-DA model, implying the
reliability of the model [17] (Figure 1B). This
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Figure 3. Concentration difference of the metabolite parameters in the regression model. C10: decanoylcarnitine;
C3DC/C10: malonylcarnitine/decanoylcarnitine; C10:1: decenoylcarnitine; C18:1: octadecenoylcarnitine; Glu: glu-
tamate; Thr: Threonine; Val/Phe: valine/phenylalanine; C5-OH/CO: 3-Hydroxy-isovalerylcarnitine/carnitine; C4DC:
Methylmalonylcarnitine; C4/C8: butyrylcarnitine/octanoylcarnitine and C3/Met: propionylcarnitine/methionine.

permutation test ensured that some metabo-
lites were of different concentrations in sam-
ples of HCC and cirrhosis. Figure 1C showed
the metabolites that could be used to differen-
tiate HCC and cirrhosis and their individual VIP
values after multivariate analysis.

Metabolite parameters can be used for a satis-
fied diagnosis model

For differential diagnosis purpose, significantly
different metabolites between the HCC and cir-
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rhosis groups (Figure 1C) were subjected to
binary regression analysis to construct a diag-
nosis model. This yielded a regression equation
of y =-0.94 - 797 C10 + 9.31 C10:1 - 2.71
C18:1 + 21.42 C3/Met - 0.841 C3DC/C10 -
1.048 C4/C8 + 2.53 C4DC + 188.6 C5-0OH/CO
+ 0.01624 Glu - 0.0944 Thr + 1.003 Val/Phe.
When the cutoff value was set to -0.675, the
regression model could realize the HCC diag-
nosis specificity of 88.1% and sensitivity of
87.5% (Figure 2). Figure 3 showed the content
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Table 1. The odds ratios of the parameters in
the regression model

Parameter Odds ratio 95% confidential interval
C5-0H/CO  7.34x10% 7.86x10°-7.62x 107
C3/Met 2.01x10° 6.55%x10%6.16x10"3

Val/Phe 2.73 1.02-7.27
Glu 1.02 1.00-1.03
c4aDpC 12.49 0.60-2.60x10?
C10:1 1.10x10% 0.59-2.08x10°®
C10 3.00x10* 0-3.01

Thr 0.91 0.84-0.99
C3DC/C10 0.43 0.19-0.97
C18:1 6.67x10? 8.80x10%-0.51

difference of the metabolites included in the
equation. The individual odds ratios of the
parameters were listed in Table 1. By using this
model, 78% of the patients in the prediction
group could be accurately diagnosed.

Discussion

Tumor cells conduct metabolism in an abnor-
mal way compared to their normal counter-
parts. Patients suffering from various malig-
nancies showed distinct serum metabolites
changes. NBS pays attention to the metabo-
lites fluctuation of some amino acids and acyl-
carnitines. Notably, cancer patients sometim-
es exhibited serum metabolites change profil-
es which were comparable to the findings in
inherited disorders [20]. Thus, the traditional
MS-based NBS strategy was intended to em-
ploy in this study to seek potential differential
metabolites of HCC and cirrhosis.

This study showed that PLS-DA only exhibited
a partial separation of HCC from cirrhosis (Fi-
gure 1A). Distinct separation could not be
acquired. This might be due to the fact that
most of the HCC patients have a background of
cirrhosis. Although the partial overlap of the
two groups, the PLS-DA model was acceptable.
As the permutation test result did not indicate
evidence of over-fitting of this PLS-DA (Figure
1B), metabolites played key roles in separating
the HCC and cirrhosis groups were defined
(Figure 1C) and could be readily used for sub-
sequent differential analysis.

After regression analysis, 6 metabolites includ-
ing 2 amino acids and 5 ratios were kept in
the binary model. Most of them were involved
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in acylcarnitines. Combined using these para-
meters really showed comparable diagnosis
ability against traditional protein markers as
showed in Figure 2. Additionally, except Glu, the
others parameters exhibited a statistically sig-
nificant difference between HCC and cirrhosis
after univariate analysis (Figure 3).

In view of their individual odds ratios, C5-OH/
CO, C3/Met, and Val/Phe seemed to be the
most important risk factors for HCC (Table 1).
Increased C5-OH was usually due to the defi-
ciency or inactivity of 3-hydroxy-3-methylglu-
taryl-coenzyme A (HMG-CoA) lyase [21]. Cur-
rently, there are no reports on how this enzyme
affects cancer development. Deficiency of
HMG-CoA lyase really caused oxidative stress
and contributed to liver damage [22]. Carnitine
was reported to favor HCC therapy [23].
Apoptosis is thought to be a protective process
against tumor development. In HepG2, one of
the typical HCC cell lines, it was found that
apoptotic cells showed decreased intercellular
C3 [24]. As of Met, a recent report showed that
patients suffering from hepatitis C virus infec-
tion showed higher serum Met concentrations
compared to the HCC patients [25]. This evi-
dence, combined with the findings in this study,
coincide with the notion that deregulated lipid
metabolism is related to HCC development.

Val and Phe are essential amino acids. The for-
mer, a branched-chain amino acid, is mainly
metabolized in the muscle and the latter, an
aromatic amino acid, is in the liver. Clinically,
the ratio of branched-chain/aromatic amino
acids is used to evaluate the liver functions
state. The lower the level of the ratio, the worse
the liver functions. A previous study demon-
strated Val/Phe elevated in ischemic diseases
[26]. Many solid tumors will suffer from isch-
emic state due to their rapid proliferation. This
might help to explain the increased Val/Phe
in malignant liver diseases.

Thr, C3DC/C10 and C18:1 seemed to be the
risk factors for cirrhosis (Table 1). Thr is also
one of the essential amino acids. A study car-
ried out in Egyptian patients showed no se-
rum Thr difference between cirrhosis and HCC
patients [27]. This discrepancy might arise fr-
om different diet styles between Western and
Eastern people. Additionally, the major reason
for Chinese people’s cirrhosis is hepatitis vi-
rus infection, especially hepatitis B virus. Whe-
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reas, the Western people’s cirrhosis is mainly
due to alcohol consumption. Whether the dif-
ferent reasons of cirrhosis might result in se-
rum Thr difference should also be explored.

According to the results of this study, risk fac-
tors for HCC are most short- or medium-chain
carnitines. Whereas the unfavorable factors
for cirrhosis are largely long-chain carnitines
(Table 1). C18:1 has been found to be closely
linked to fibrosis in a cell model study [28]. A
previous report demonstrated that long-chain
fatty acid oxidation was impaired in hepatoma
cells [29]. This might explain the findings of
lower short-chain and long-chain carnitine
ratio-C3DC/C10 in the HCC group.

In this study, a traditionally used DBS-based
MS analysis was adopted to differentiate HCC
and cirrhosis. By combined using 11 parame-
ters, a feasible diagnosis model was formulat-
ed and could achieve satisfied HCC and cirr-
hosis differentiation. The diagnosis ability was
comparable to that of the traditional protein
biomarkers. If this tactic could be incorporated
with traditional serum biomarker analysis,
improved differentiation ability might be ex-
pected.
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