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Abstract

AIM: To study the metabolic profiling of serum samples
from compensated and decompensated cirrhosis pa-
tients.

METHODS: A pilot metabolic profiling study was con-
ducted using three groups: compensated cirrhosis pa-
tients (7 = 30), decompensated cirrhosis patients (7 =
30) and healthy controls (7 = 30). A 'H nuclear mag-
netic resonance (NMR)-based metabonomics approach
was used to obtain the serum metabolic profiles of the
samples. The acquired data were processed by mul-
tivariate principal component analysis and orthogonal
partial least-squares discriminant analysis (OPLS-DA).

RESULTS: The OPLS-DA model was capable of distin-
guishing between decompensated and compensated
cirrhosis patients, with an R°Y of 0.784 and a Q°Y of
0.598. Twelve metabolites, such as pyruvate, phenylala-
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nine and succinate, were identified as the most influen-
tial factors for the difference between the two groups.
The validation of the diagnosis prediction showed that
the accuracy of the OPLS-DA model was 85% (17/20).

CONCLUSION: 'H NMR spectra combined with pattern
recognition analysis techniques offer a new way to di-
agnose compensated and decompensated cirrhosis in
the future.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Liver cirrhosis (ILC) and its associated complications are
a major cause of morbidity and mortality worldwide”.
During eatly cirrhosis, the liver is able to compensate the
changes resulting from bridging fibrosis, and most patients
do not show specific symptoms until they enter the stage
of decompensated cirrhosis”. Patients often miss the best
opportunity for therapy because the hepatic reserve in the
decompensated stage is unable to compensate for hepato-
cyte loss and structural distortions.

The diagnostic confirmation of cirrhosis is based on a

histological examination or the combined results of clini-
. . . . 1
cal and imaging examinations'. However, the proposed
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methods cannot be satisfactorily applied to a clinical diag-
nosis. Firstly, histological examination requires the punc-
turing of liver tissue and causes substantial pain. Secondly,
the clinical results derived from a series of laboratory
assays are costly and require long periods of time. Finally,
imaging studies cannot provide sensitive diagnoses and atre
vulnerable to the influence of subjective factors. There-
fore, establishing a simple and specific strategy to diagnose
cirthosis and distinguish decompensated LC from com-
pensated LC is important for patient care and treatment
decisions.

Metabonomics is a comprehensive and fully quantita-
tive analysis of low molecular weight molecules within
a particular biological sample. '"H nuclear magnetic reso-
nance (NMR) spectra combined with principal component
analysis (PCA) and orthogonal partial least-squares dis-
criminant analysis (OPLS-DA) are frequently conducted in
metabolic profiling studies™.

The incidence of acute and chronic viral hepatitis in
China is very high and hepatitis B virus (HBV) conttib-
utes to 80% of liver cirrhosis'. Thus, in the present study,
we employed quantitative '"H NMR to analyze the serum
metabolic profiling in HBV-infected cirrhosis patients.
Our purpose was to establish a diagnostic method for de-
compensated and compensated cirrhosis and to discover
metabolomic biomarkers related to the cirrthosis condi-
tions.

MATERIALS AND METHODS

Patients and controls

This study enrolled 60 patients (30 compensated and 30
decompensated cirrhosis patients) from the Department
of Gastroenterology and Infectious Diseases of Shenzhen
People’s Hospital from November 2009 to July 2010. We
excluded patients with past or current hepatocellular car-
cinoma, alcoholic cirrhosis, diabetes, cardiovascular and
cerebrovascular disease, kidney disease and any other viral
co-infection, including human immunodeficiency virus,
hepatitis delta or hepatitis C virus. Thirty healthy volun-
teers served as controls. The baseline clinical characteris-
tics of the cirrhotic patients and controls are summarized
in Table 1. This study was performed according to the
guidelines of Chongqing Medical University, which abides
by the Declaration of Helsinki on ethical principles for
medical research involving human subjects.

Clinical criteria

All patients were positive for hepatitis B surface antigen
for at least 1 year before screening. Cirrhosis patients were
diagnosed according to the results of histological exami-
nation or the combined results of clinical and imaging ex-
aminations. Decompensated cirthosis was defined as the
presence of at least two of the following five criteria: as-
cites, hyperbilirubinemia, peripheral edema of noncardiac
or renal origin, hypoalbuminemia and an INR (clotting
times, as reflected by the international normalized ratio) >
13", The severity of liver disease was calculated accord-

ing to the model for end-stage liver disease'.
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Table 1 Clinical and biochemical characteristics of the cirrhotic

patients and controls

Liver cirrhosis

Parameter Control Compensated Decompensated
(n = 30) LC (7 = 30) LC(n = 30)
Age (yr) 48.8 +10.5 56.3 +12.9 58.7 £ 14.5
Gender (M:F) 12:18 14:16 15:15
ALT (U/L) 204 £10.2 110.4 £20.2° 85.4 +32.6"
AST (U/L) 15.3+11.6 187.5+100.5° 1424 +52.9°
TP (g/L) 65.4+£5.6 61.5+10.2 60.4 £5.7°
ALB (g/L) 50.4 £10.2 48.6 £ 6.9 35.8+11.2"°
T-BIL (umol/L) 114 +£3.6 35.8 £30.9° 45.6 £20.2°
D-BIL (umol/L) 54+12 154 83" 234+102™
GLU (mmol/L) 531+1.6 548 £1.23 5.47 £ 0.98
CRE (umol/L) 113.6 £ 56.3 140.3 £ 50.8 152.6 +34.2°
INR 1.0+ 0.05 1.1+£0.06 1.2+£0.12
MELD score - 12.7+£3.5 142+6.3

°P < 0.05 vs control, °P < 0.05 vs compensated group. Data are the number
of patients or the mean + SD.

Metabolomic and clinical chemistry analysis
Approximately 5 mL of peripheral venous blood from
fasted healthy volunteers and LC patients was collected.
The blood was allowed to clot for 30 min at room tem-
perature before being centrifuged at 2000 g for 10 min at
25 °C; the serum was separated and stored at -80 ‘C. Prior
to NMR analysis, serum samples were thawed and 400 pL
aliquots were mixed with 150 pl. of deuterium oxide. The
serum samples were centrifuged at 12 000 g for 10 min at
4 °C, and 500 pL aliquots of the resulting supernatants
were placed into 5 mm NMR tubes. All NMR spectra were
recorded at 25 'C on a Varian Unity INOVA 600 NMR
spectrometer. One-dimensional spectra were recorded
using the Carr-Purcell-Meiboom-Gill sequence™"" with
a spin-spin relaxation delay of 120 ms and a spectral
width of 8000 Hz. All spectra were carefully phase- and
baseline-corrected and referenced to the internal lactic
acid CH3 resonance at 1.33 ppm. Spectra were segmented
into 0.005-ppm chemical shift “bins” between 0.5 and 9.0
ppm, and the spectral area within each bin was integrated.
Bins between 4.7 and 5.2 ppm containing residual water
were removed. The free induction decay was zero-filled
to 64 K and multiplied by an exponential line-broadening
function of 0.3 Hz prior to Fourier transformation.

Multivariate analysis

Multivariate statistics, including unsupervised PCA and
supervised OPLS-DA, were performed using SIMCA-P
11.0 software (Umetrics, Umea, Sweden). Analysis of
the metabolite signals in the '"H NMR serum profiles was
first performed using unsupervised PCA, which displays
the internal structure of datasets in an unbiased way and
decreases the dimensionality of data*'¥, After an initial
overview of the PCA analysis, we obtained a more sophis-
ticated OPLS-DA model with the specific discriminant
information between the different groups“s’m]. The differ-
ences in the metabolites between groups were shown as
coefficient of variation plots. Using a significance level of
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Figure 1 600 MHz 1H NMR spectra (50.5-4.7 and 55.2-9.0) of serum obtained from (C) control, (B) compensated liver cirrhosis and (A) decompensated liver
cirrhosis patients. The region of §5.2-9.0 (in the dashed box) is magnified 8 times compared to the corresponding region of 50.5-4.7 for the purpose of clarity. 3-HB:
3-Hydroxybutyrate; Ace: Acetate; Acet: Acetone; Ala: Alanine; Cit: Citrate; Cr: Creatine; FD: Formaldehyde; Glu: Glutamate; GIn: Glutamine; Gly: Glycine; GPC: Glyc-
erophosphocholine; His: Histidine; lle: Isoleucine; IB: Isobutyrate; Lac: Lactate; Leu: Leucine; L1 Lipid: CHs-(CHz)n-(LDL&VLDL); L2 Lipid: CHs-(CHz)n-(LDL&VLDL);
L3 Lipid: -CH2-CH:-C=0; L4 Lipid: -CH.-CH=CH-; L5 Lipid: =CH-CH2-CH=; L6 Lipid: -CH=CH-; Lys: Lysine; NAG: N-acetyl glycoprotein signals; PC: Phosphocholine;
Phe: Phenylalanine; Py: Pyruvate; Suc: Succinate; TMA: Trimethylamine; Tyr: Tyrosine; Val: Valine; o-Gle: a-Glucose; B-Gle: 3-Glucose.

0.05, we employed a correlation coefficient of & 0.355 as
the threshold to choose the variables that best correlated
with the OPLS-DA discriminative scores. To further test
whether the metabolic profiling can effectively distinguish
decompensated cirrhosis patients from compensated cir-
rhosis ones, we randomly selected 20 cirrhotic patients (10
compensated and 10 decompensated cirrhosis patients)
to validate the discriminatory power of the OPLS-DA
model.

Statistical analyses were performed using SPSS 11.5
software (SPSS Company, Chicago, 1L, United States). The
threshold P value was set at 0.05 throughout the study.

RESULTS

"H NMR spectroscopy of serum samples

The 'H-NMR signals of all common metabolites, such
as amino-acids, organic acids and carbohydrates, were as-
signed according to previous publications[mj. Examples
of typical serum spectra from control, compensated and
decompensated cirrhosis groups are shown in Figure 1.
The 600 MHz 'H NMR spectra demonstrated resonances
arising from glucose, glutamine, acetate, leucine, glycero-
phosphocholine, histidine, isoleucine, citrate, etc. The use-
ful extracted information was subsequently analyzed using
multivariate statistics including PCA and OPLS-DA.

Multivariate statistics

As a proof of principle, we first evaluated whether a meta-
bonomics approach would be capable of distinguishing
cirrhotic patients (included compensated and decompen-
sated cirrhosis) from healthy controls.

At first, we analyzed the serum metabolic profiles us-
ing unsupervised PCA. Figure 2A displays the PCA score
plots of cirrhotic patients and healthy controls, with an
R’X of 0.812 and a Q°Y of 786. The PCA was followed
by OPLS-DA, which is more focused on discriminatory
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variations. Excellent separation with negligible overlap-
ping was observed in OPLS-DA score plots between
controls and cirrhosis patients. This model showed very
good fit and predictability values with an R’Y of 0.941
and a O'Y of 0.836 (Figure 2B). The loading plots (Figure
2C) revealed that the responsible variables were those
corresponding to 3-glucose, a-glucose, low-density lipo-
proteins (LDL), very low-density lipoproteins (VLDL),
valine, tyrosine, succinate, lipid, isobutyrate, glutamine,
glutamate, efz.

A similar procedure was performed to assess the util-
ity of metabonomics to distinguish decompensated LC
from compensated LC patients. A PCA score plot (Figure
3A) could not reveal an obvious separation between com-
pensated and decompensated LC, with an R’X of 0.795
and a O°Y of 0.736. The overlap in PCA score plots sug-
gested that there was some metabolic variation between
the two classes not related to the disease state. OPLS-DA
revealed a clear separation between decompensated and
compensated LC patients (Figure 3B), with an R’Y of
0.784 and a O°Y of 0.598. The majority of the disease-re-
lated variance could be explained by the first component
of the model. The OPLS-DA loading plot (Figure 3C)
revealed that the significant variables were those corre-
sponding to pyruvate, phenylalanine, succinate, lysine, efz.
The variables meeting the cutoff value (i.e., |correlation
coefficient| > 0.355) are summarized in Table 2.

The serum metabolic profiles of 20 cirrhotic pa-
tients were overlaid in the OPLS-DA model to evaluate
the diagnostic performance (Figure 3D). Of these, cight
compensated cirrhosis patients were clustered together
in the left section of the OPLS-DA model (compensated
group), nine decompensated cirrhosis patients wete clus-
tered together in the right section of the OPLS-DA model
(decompensated group), and the three remaining cirrhosis
patients were situated in an intermediate area between the
decompensated and compensated cirrhosis patients.
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Figure 2 Multivariate modeling of control and cirrhotic subjects. A: Princi-
pal component analysis score plot of the serum 'H nuclear magnetic resonance
spectra from controls (squares) and cirrhotic patients (dots); B: Orthogonal
partial least-squares discriminant analysis (OPLS-DA) score plot of controls
(squares) and cirrhotic patients (dots); C: Corresponding coefficient loading
plots for the discrimination of the OPLS-DA model.

DISCUSSION

Previous studies have shown that the transition from com-
pensated to decompensated cirrhosis is so insidious that
many patients miss the best opportunity for treatment™"”,
In the present study, we applied NMR-based metabolic
profiling to examine the serum from decompensated and
compensated LC patients and identified low molecular
weight biomarkers for the diseases.

The findings of this pilot study showed that the 'H
NMR serum metabolic profiling of cirrhotic patients
and control subjects was cleatly separated. Compared
with healthy controls, the serum metabolic profiling of
cirrhotic patients showed increased levels of glucose
and lactate and decreased levels of lipids and choline. In
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Figure 3 Multivariate modeling of compensated and decompensated liver
cirrhosis patients. A: Principal component analysis score plot of the serum
'H nuclear magnetic resonance spectra from compensated liver cirrhosis (LC)
(squares) and decompensated LC (black dots) patients. B: Orthogonal partial
least-squares discriminant analysis (OPLS-DA) score plot of compensated LC
(squares) and decompensated LC (dots) patients; C: Corresponding coefficient
loading plots for the discrimination of the OPLS-DA model; D: Validation tests
of the discriminatory power using the OPLS-DA model. Twenty cirrhotic patients
were selected randomly and included 10 compensated LC (empty squares) and
10 decompensated LC (empty dots) patients.
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Table 2 Orthogonal partial least-squares discriminant analysis
coefficients derived from the nuclear magnetic resonance data

of metabolites in serum obtained from compensated and de-
compensated cirrhosis patients

Metabolites 5'H Correlation coefficients
Compensated Decompensated
LC LC
B-Glucose 3.24,4.65 0.654 0.722
a-Glucose 3.425.24 0.602 0.806
CHs-(CHz)n- 1.28 0.748 -0.693
(LDL&VLDL)
Valine 0.99, 1.04 -0.903 -0.910
Tyrosine 6.89,7.19 0.675 0.805
Succinate 2.40 - 0.603
Pyruvate 2.37 - 0.585
Phenylalanine 7.32,741 - 0.749
NAG:N-acetyl 2.04 -0.583 -0.774
glycoprotein
Lysine 1.72,3.01, 3.78 -0.602 -
Lipid, Hs-(CHz2)n- 0.86 0.805 -0.793
(LDL&VLDL)
Leucine 0.93 -0.876 -0.727
Lactate 1.33,4.12 -0.671 -0.769
Isoleucine 0.96, 1.01 -0.916 -0.859
Histidine 7.06,7.75 - 0.616
GPC/PC 321, 3,55 -0.732 -0.712
Glutamine 2.14,245,3.78 -0.659 0.706
Glutamate 2.03,2.35,3.78 - 0.554
Creatine 3.04,3.93 -0.709 0.555
Citrate 2.53,2.67 0.657 0.604
Alanine 1.48 - 0.571
Acetone 223 0.729 -

The positive and negative signs indicate a positive and negative correla-
tion in the concentrations, respectively. “-”: The |correlation coefficient| is
less than 0.355.

this context, our results are consistent with the studies of
Gao e al'™ which showed that 'H NMR metabonomics
analysis of serum is helpful for differentiating cirrhotic
patients from healthy subjects.

However, little work has been done to discriminate
patients with compensated and compensated cirrhosis
through metabonomics. Corbin ¢ 2/” used phosphorus-31
magnetic resonance spectroscopy to document the diffe-
rences in the hepatic metabolite concentrations among
patients with compensated and decompensated cirrhosis.
Although this study provided a useful and noninvasive di-
agnostic tool, the researchers only studied five metabolites
and did not investigate all metabolites related to cirrhosis.

In contrast, NMR has the advantage of full quantita-
tive analysis and minimal requirements for sample prepa-
ration”, In the present study, we obtained a ‘metabolic
fingerprint’ from the pathological process of cirrhosis.
Compared with compensated LC patients, the decom-
pensated LLC patients displayed higher levels of pyruvate,
phenylalanine, succinate, lysine, histidine, alanine, gluta-
mate, glutamine, creatine and lower levels of LDL, VLDL
and acetone.

The increased concentration of pyruvate and succi-
nate in decompensated LC serum is possibly due to the
reduced utilization of pyruvate and succinate into the
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tricarboxylic acid cycle“gj. Phenylalanine belongs to the
aromatic group of amino acids, and it is converted to
tyrosine by the catalysis of phenylalanine hydroxylase,
which is a liver-specific enzyme™. The increase in phenyl-
alanine suggests that the BCAA/AAA ratio has changed
in patients with decompensated LC. Glutamate is at the
very center of hepatic amino acid metabolism. Gluta-
mine, histidine, arginine, ornithine, proline, and glutamate
comprise the ‘glutamate family’ of amino acids”"!. The el-
evated levels of glutamate, glutamine and histidine reflect
the abnormal metabolism of amino acids with cirrhosis
progression.

Our study showed that the levels of VLDL and LDL
were reduced in the decompensated L.C group compared
to the compensated LC group. Because liver tissue loses
some degree of its lipid synthesizing ability in the later
stage of cirrhosis, the blood lipid level decreases in the
serum of decompensated LC patientslzzj.

The remaining metabolite changes include increased
lysine and alanine and decreased acetone; altered levels
of these metabolites in decompensated LLC patients may
be the result of the impairment of hepatocytes, but may
also be the result of liver perfusion.

Taken together, these results imply that hypermetabo-
lism of the liver was prevalent when compensated cirrho-
sis developed into the decompensated stage. Hence, these
metabolites may serve as biomarkers that can be used to
monitor the changes in L.C patients.

Regarding predictive tests of the discriminatory pow-
e, the results showed that the accuracy of the OPLS-DA
was 85% (17/20). Three patients located in the middle
area of the OPLS-DA model were observed catefully in
the following two months. One compensated LC patient
developed decompensated cirrhosis, and the remaining
two LC patients did not exhibit distinct changes. It is
conceivable that the metabolic changes revealed by the
NMR spectra could be more sensitive than other clinical
symptom and lab tests.

Serum metabolic analysis bears the potential to be a
useful and convenient method to diagnose LC patients.
However, there are some potential limitations of the
present study that require consideration. Firstly, a limited
number of samples prevented us from drawing a more
reliable conclusion about the predictive power of this
model. Larger numbers of patients and controls will be
crucial to validate this model. Secondly, the specificity of
the biomarkers indentified by OPLS-DA requires a longi-
tudinal study to determine their validity.

In summary, the metabolic profiling obtained from 'H
NMR-based metabonomics analysis of serum may be a
simple and reliable way to diagnose compensated and de-
compensated L.C. The metabolic differences between the
two groups also facilitate a better understanding of the
metabolic changes associated with cirrhosis progression.
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Background

The diagnostic confirmation of cirrhosis is based on histological examination or
the combined results of clinical and imaging examinations. However, the pro-
posed methods cannot be satisfactorily applied in clinical diagnosis.
Research frontiers

'H nuclear magnetic resonance (NMR) is an ideal instrumental platform for
metabolic analysis of biofluids, and NMR analysis has been reported as suc-
cessfully applied in the diagnosis and prognosis of some human diseases.

Innovations and breakthroughs

The authors compared the serum metabolic profiling of compensated and de-
compensated cirrhosis patients. The orthogonal partial least-squares discrimi-
nant analysis (OPLS-DA) model was successful in distinguishing decompen-
sated cirrhosis from compensated cirrhosis. Twelve metabolites were identified
as the most influential biomarkers for the difference between the two groups.

Applications

Serum metabolic analysis bears the potential to be a useful and convenient
method to diagnose compensated and decompensated cirrhosis.
Terminology

Principal component analysis (PCA): PCA is a mathematical procedure that
uses an orthogonal transformation to convert a set of observations of possibly
correlated variables into a set of values of uncorrelated variables called princi-
pal components; orthogonal partial least-squares discriminant analysis (OPLS-
DA): OPLS-DA is a method of discriminating between two or more groups. The
variables responsible for the differences may be identified.

Peer review

In this manuscript, the authors employed metabolomics to compare serum
metabolic profiles among control, compensated and decompensated cirrhosis
patients. Rationale and results are sound.
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