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Colorectal cancer (CRC) is the second leading 
cause of cancer mortality. CRC can be curable 
if identified early and prevented if found at the 
adenomatous stage [1]. In the present time, 
colonoscopy is the most effective screening tool 
for accurate diagnosis of precancerous lesions and 
cancer morbidity in the colon and rectum [2]. With 
this  procedure, certain tumor biomarkers, such as 
carcinoembryonicantigen (CEA) and fecal occult 
blood testing (FOBT), have been clinically used, 
but with relatively poor sensitivity and specificity 
[3–5]. Metabolomics is an emerging field of 
research and is a quantitative collection of low 
molecular weight compounds, such as metabolic 
substrates and products, lipids, small  peptides,  
vitamins  and  other  protein cofactors, generated 
by metabolism [6]. It is currently being used as a 
mode of research in many disciplines of medicine, 
including oncology [7–10]. Metabolomics can 
be performed on urine, serum, tissue and less 
frequently, on fecal extracts, saliva and amniotic 

fluid [11]. To date, metabolomic methods include 
nuclear magnetic resonance spectroscopy (NMR), 
liquid chromatography-mass spectrometry 
(LCMS), gas chromatography-mass spectrometry 
(GC-MS) and capillary electrophoresis mass 
spectrometry (CE-MS) [12]. However, this 
technology is fairly new and few human studies 
have been carried out to validate the results of 
existing cellular and animal studies, especially in 
the field of colorectal oncology [13]. 

In the present study, urine samples from both 
CRC patients and healthy controls were analyzed 
by high-resolution 1H NMR. Their spectral 
profiles subjected to multivariate analysis by 
AMIX-VERSION 3.9.14 – Bruker to reduce the 
dimensionality for extracting useful information 
from complicated NMR data set. Specific 
differences have been observed, in particular 
in the spectral range corresponding to some 
metabolites. This analysis aimed to compare and 
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verify important metabolic alterations between 
CRC patients and healthy persons and would be 
extended to the screening of colorectal cancer. 

EXPERIMENTS

Sample Collection and Handling
Urine samples were collected from 51 adults 
(33 males, 18 females, from 27 to 81 years 
old, including 23 CRC patients and 28 healthy 
persons, who had a physical examination at 
HoChiMinhCity-Vietnam during June 2013 and 
July 2014. Diagnoses of colorectal cancer were 
made on the basis of usual clinical and laboratory 
findings and were confirmed by colonoscopy. 
No patient had received chemotherapy, radiation 
therapy or surgery. Each individual (either patients 
or healthy persons) provided a middle stream 
sample of morning urine (after overnight lasting) 
in a sterile cup. Then, liquids of approximately 5 
mL were transferred into sterile cryovials, frozen 
and stored at –80°C. 

Sample Preparation
The urine samples were warmed up to room 
temperature (30 min), then centrifuged for 5 to  
10 min at ~6000 c/min to separate any solid matter. 
For NMR analysis, mixing of 540 microliters of 
urine, 60 microliters of phosphate buffer pH 7.4 
(1.5 M KH2P04 in D20 + 0.1% TSP and some 
NaN3. The resulting sample was transferred to a 
5 mm NMR tube, which was capped and labeled.

NMR Experiments
Proton NMR spectra were obtained from each urine 
sample on a  Bruker AVANCE III 500 Ultrashield 
Plus CryoNMR Spectrometer with BCU-05 pre-
cooling device and a BBI-ATM probe. For each 
sample, a standard  NOESY-1D spectrum was 
acquired, at 300 K, using a water suppression 
pulse sequence with water irradiation during 
relaxation delay and mixing time (‘noesypr1d’ in 
Bruker library, SW 10330.58Hz, TD 32 K data 
points, relaxation delay 4 s, mixing time 100 ms, 
128 scans). All spectra were processed with a line 
broadening of 0.3 and a zero filling factor of 2, 
automatically phased, and baseline corrected. The 
chemical shifts were referenced internally to the 
TSP signal at δ 0.00.

Multivariate Statistical Analysis
The set of NMR data has been considered for 
multivariate analysis by Amix-version 3.9.14 – 
Bruker to reduce the dimensionality for extracting 
useful information from  NMR data set. To build 
the data matrix, variable sized bucketing was 
performed in the δ 9.50–0.50 ppm region of the 
standard 1D spectra, excluding the subregion 
δ 6.00–4.55 ppm to remove variability arising 
from water suppression and from possible cross-
relaxation effect on the urea signal via solvent 
exchanging protons. The procedure consisted of 
dividing the spectra into small regions (buckets) of 
0.05 ppm and then merging some of these buckets 
to larger buckets in regions where chemical shift 
drifts (due to small pH differences or variations 
in sample ionic strength) were observed. After 
normalizing and scalling , Principal Component 
Analysis (PCA), Partial Least Squares 
Discriminant Analysis (PLS-DA) were performed. 
The set of marker metabolites was identified from 
NMR data by Chenomx NMR suite 7.0 software.

RESULTS AND DISCUSSION

Discrimination of CRC and Healthy Spectra
The spectra of CRC and healthy persons are 
showed on Figure 1.

Many differences in metabolite component 
of CRC spectra and healthy spectra could be 
observed in particular in the spectral range marked 
with 1* – 4* in Figure 1.  In the zone marked 1* 
from 7.5–7.0 ppm and the zone marked 3* from 
3.9–3.4 ppm, big increase could be seen at peak 23, 
which corresponded to tryptophan. While in the 
zones marked 2*, a significant change was found 
in CRC spectra at peak 19, which corresponded 
to phenylacetylglutamine. Otherwise, the presence 
of several special peaks was indicated in zone 
4* on the CRC spectrum, the peaks 12 and 14 
corresponded to glutamate and citrate, respectively.

Typically, CRC spectrum indicated the 
presence of specific biological component(s) which 
did not exist in healthy spectrum. Otherwise, the 
presence of several special peaks was indicated 
on the CRC spectrum. Their intensity varied 
depending on the relative concentration of the 
corresponding metabolites.
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Figure 1. The 500 MHz 1H-NMR spectra of urine from (a) a healthy person, and (b) a colerectal cancer 
patient. Signal assignment:1,R-hydroxybutyrate; 2, valine; 3, isobutyrate; 4, -aminoisobutyrate; 5, methyl-

hydroxybutyrate; 6, -hydroxyisovalerate; 7, lactic acid and threonine; 8,R-hydroxyisobutyrate; 9, alanine; 10, 
N-acetylglutamine; 11, p-cresol; 12,glutamate; 13, pyruvate/oxalacetate; 14, citrate; 15, dimethylamine; 16, 
creatinine; 17, trimethylamine-N-oxide and betaine; 18, glycine; 19,phenylacetylglutamine/glutamate; 20, 

hippurate; 21, trigonelline; 22,p-hydroxyphenylacetate; 23, trytophane; 24, histidine; 25, 3-methylhistidine; 26, 
formate and 27, trigonellinamide.
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Statistical Models for CRC Screening 
The high inter-individual variability in urinary 
profiles and their complexity made any attempt at 
visual comparison of these spectra an unproductive 
task. Instead, multivariate analysis allowed the 
finding of consistent variation patterns within the 
data set. To study the principal sources of variation 
among the results, detect intrinsic clustering and 
possible outliers, and distinguish cancer patients 

from healthy individuals, exploratory PCA was 
applied.

Identification of CRC fingerprint using un-
supervised model: principal component analysis 
(PCA). In a first step, we investigated the CRC 
spectrum and healthy spectrum in an unsupervised 
approach by using principal component analysis 
(PCA). This approach was chosen because 

Figure 2. Principal component analysis model of CRC urine and healthy urine specimens. 
(A): PCA score plot displays the relationship between healthy samples (black dots) and CRC 

samples (triangles) with the proportion of variance explained by principal component PC1 
and PC2. (B): 2D-Loading plot and (C) 1D-Loading plot show the resonances that contribute 

to the variance of the specific principal component.
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unsupervised methods did not utilize clinical 
information about the samples. PCA methods 
reduce the original set of variables to a new set 
of principal components that retain the variance-
covariance structure of the data, but use lesser 
dimensions of data space.

We analyzed the PCA results with six principal 
components (PC) to detect intrinsic clustering and 
possible outlier. Confidence level was 95% with 
59.30% variances explained by PC1 and 9.94% 
variances explained by PC2. The PC1 vs PC2 
scores scatter plot showed a trend for separation 
of two groups, one corresponded to cancer patients 

and the other to healthy persons, mostly along 
PC1. In Figure 2A, hostelling T2 ellipses assumed 
a Gaussian distribution of bucket variables in CRC 
region and healthy region with confidence interval 
of 75%. 

After preliminary statistical analysis, Figure 
2B depicted the loadings of variables on a plane 
defined by the first (PC1) and second (PC2) 
principal components. While Figure 2C looked 
like a 1H-spectra with four marked zones in  
Figure 1, the peaks indicated spectral regions which 
contributed significantly to PC1 in accordance. 
The set of marker metabolites corresponding to 

Table 1. Representative differential metabolites contributed for the separation between the CRC patients and the 
healthy controls derived from NMR analysis.

No. Metabolite Cluster (ppm) Multiplicitya Change of CRC  
from healthyb Zone in Figure 2C

1 Trytophan 3.30 dd ++
3*3.48 dd

4.05 dd
7.19 m

1*
7.27 m
7.31 s
7.53 d
7.72 d

2 Histidine 3.14 m -
3*3.24 m

3.98 dd
7.09 s

1*7.88 s
3 4-hydroxyphenyl acetate 3.44 s + 3*

6.85 d
1*7.15 d

4 Phenylacetylglutamine 3.65 s + 3*
5 Citrate 2.53 d ++

4*2.69 d
6 p-cresol 2.25 s

+ 4*6.82 d
7.13 d

7 Glutamate 2.04 m +

4*
2.12 m
2.32 t
2.36 t
3.75 dd

a/d, m, q, s and t are doublet, multiplet, quartet, singlet and triplet, respectively.
b/ a positive sign indicates a relatively higher concentration present in CRC patients while a negative sign means a relatively 
lower concentration as compared to the healthy controls.
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these variables was identified by Chenomx NMR 
Suite software and shown in Table 1with different 
intensities related to the health status.

Although this set of variables only explained 
85.87% of the variability between the first two 
PCs, it was enough to deconvolute the set of cases 
in two subsets according to the healthy subjects 
and to cancer type. 

Our results gave a complementary data to 
those obtained by Qiu et al. (2010) using mostly 
gas chromatography-mass spectroscopy [14] and 
by other workers in optical spectroscopies [15–29]. 
In particular we found a higher expression level of 
citrate in CRC urines, which might be produced 
from the nutritional supplementation.

Prediction of urine-type using supervised 
model partial least squares (PLS). In addition, we 
investigated a supervised method –PLS- in order 
to construct a predictive model that was capable of 
distinguishing between CRC and healthy urines. 
In the T/T scores of PLS model, a reasonably 
good separation was observed. The obtained class 
discrimination was explained X variances up to 
76% and Y variances up to 90%.

An analysis of the PLS loadings was conducted 
to identify the metabolites contributing to the 
CRC fingerprint using the entire sets of patients 
with CRC and healthy subjects. The values of 
the relative concentrations of metabolites were 
estimated through the integration of the signals 
in the NMR spectra. By comparing the spectra of 

Figure 3. Partial Least Squares model of CRC urine and healthy urine specimens. (A): T/T score plot displays 
the discrimination of healthy samples (triangles) and CRC samples (black dots) with the proportion of variance 

explained by principal component PC1 and PC2. (B): 2D-Loading plot show the resonances that contribute to the 
variance of the specific principal component.
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the urine samples of CRC patients with those of 
healthy subjects, it appears that the CRC patients 
are characterized by higherlevels of trytophan, 
4-hydroxyphenyl acetate, phenylacetylglutamine, 
citrate, p-cresol, glutamate and lower level of 
histidine. The worsening of the clinical conditions 
thus corresponds to amore marked difference in 
the concentration of several of the metabolites that 
are responsible of the disease fingerprint.

Moreover, the presence of proton donors 
(-OH, -NH ) and acceptors (>C=O, >N-) in 
the enhanced metabolite molecules suggests 
their possible bonding with ADN nucleotides 
creating disordering complexes and involves in 
the mechanism of carcinogenesis as suggested 
recently by PV Huong et al. [15].

The good discrimination of healthy and 
CRC urines on unbiased PCA and biased PLC 
indicated a high potential of this non-invasive 
urinary metabonomic strategy as a complementary 
screening tool for colorectal cancer. Of course, 
more samples would be examined to reinforce 
the above conclusion in the aim of a better 
understanding about the disease evolution. Once 
the metabolomic fingerprint of CRC is firmly 
established, the next step would be to test the 

accuracy of this fingerprint and these metabolites 
in a prospective blinded study against the reference 
standard by GC-MS or by LC/MS/MS. Success 
with metabolomics as a diagnostic and prognostic 
tool would likely help to fundamentally change 
the physicians’ approach to human healthcare. 

CONCLUSION
The burden of colorectal cancer is growing 
worldwide and with it a more desperate need for 
better tools to detect, diagnose and monitor the 
disease. The interesting information obtained 
from this study proved that the diseased state of 
CRC conducted characteristic changes in the 
small molecule metabolites secreted in urine. To 
fully develop this technology, further study is 
necessary on a much larger data set, in the order of 
500 samples, to yield a better resolution. A larger 
sample group would result in a better predictive 
model which could then be used to diagnose and 
potentially. Such a model could be used in human 
clinical medicine as a non-invasive diagnostic tool, 
detecting more cases of CRC at an early stage, and 
increasing survival rates. Effective determination 
of the significance of each  bin, in conjunction 
with other techniques which have been efficient in 
the identification of nanomaterials and bio-objects 

Healthy Disorder

Figure 4. Formation of disordering complexes between metabolites and nucleotides inducing the lost of coding 
and messaging in the mechanism of carcinogenesis.
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[16–26], could also lead to potential biomarkers for 
CRC. Once cancerous biomarkers are identified, 
they might be explored for potential drug targets 
which could lead to more effective, safer treatments 
for a serious human health threat. Furthermore, 
some metabolites with strong enhancement 
variation would intervene in the interaction with 
ADN nucleotides creating disorder complexes in 
the mechanism of carcinogenesis.
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