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Objective(s): Determination of stages of colon cancer is done by biopsy usually after surgery. 
Metabolomics is the study of all the metabolites using LC-MS and 1HNMR spectroscopy with 
chemometric techniques. The stages of colon cancer were detected from patients' sera using 1HNMR. 
Materials and Methods: Five ml blood was collected from 16 confirmed patients referred for 
colonoscopy.  One group of eight patients were diagnosed with stage 0 to I colon cancer and the second 
group of 8 patients with II-IV stage colon cancer.  Sera were sent for 1HNMR. The differentiating 
metabolites were identified using HMDB  and the metabolic cycles from Metaboanalyst.  
Results: Six metabolites of which pyridoxine levels lowered, and glycine, cholesterol, taurocholic acid, 
cholesteryl ester and deoxyinosine increased. 
Conclusion: The different stages of cancer were identified by the main metabolic cycles such as 
primary bile acid biosynthesis, purine and vitamin B metabolic pathways and the glutathione cycle.  
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Introduction 
Colorectal cancer (CRC) is the fourth most common 

cause of death from cancer all over the world affecting 
1.23 million individuals per year (9.7% of overall 
cancers) and is the fourth cause of death from cancer 
worldwide (8% of total cancer deaths). The incidence of 
CRC in the developed countries like North America            
and Europe is decreasing from 58/100,000 in 1992           
to 38.5/100,000 in 2009 due to regular screening 
techniques (1). 

In Iran as a consequence of life style changes,            
the rate has increased to 38 per 100,000 in  2009             
from 6 to 7.6 in 1996 (2, 3). Regular screening like 
flexible sigmoidoscopy, colonoscopy, double-contrast 
barium enema, fecal occult blood test, and fecal 
immunochemical test are part of CRC prevention.  All of 
the tests except the last two are invasive and time-
consuming, but they have been effective in lowering 
cancer rates in the US and Europe. 

Colon cancer, like all other types, begins as small, 
non-cancerous (benign) clumps of cells called 
adenomatous polyps.  As time passes, some of these  

 

polyps become cancerous and it usually takes about 
10-15 years for them to develop into colorectal 
cancer.  However, as diagnosis takes place in the 
early stages, colon cancer can be treated by surgery 
and other standard therapies.  Pathology of the colon 
cancer tumors is determined either by biopsy or 
histopathology and can be classified as stage 0 when 
only the mucosa of the colon wall is affected by 
abnormal cells. Stage I is denoted when cancer cells 
have entered the muscle layer from the mucosa of 
the colon. Stage II is divided into three stages IIA 
where cancer has gone from the muscle layer to 
colon serosa, IIB has spread from the serosa but has 
not affected nearby organs and stage IIC is when 
cancer has gone from the serosa to the nearby 
organs. Stage III cancer is once again divided into 
IIIA where cancer has reached the lymph nodes, IIIB 
has developed into the submucosa and in IIIC it has 
grown through the wall of the colon or rectum 
(including the visceral peritoneum) but has not 
reached nearby organs and stage IV cancer has 
disseminated throughout the body like the lung, liver,
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abdominal wall, or ovary (4). 
Genomics deals with twenty-five thousand genes 

and proteomics analyzes a hundred thousand 
proteins, but the physiological effect of these is 
finally seen in the production of metabolites. 
Metabolomics is the new omics which studies            
fifteen hundred metabolites using high throughput 
technology like 1HNMR spectroscopy or mass 
spectrometry combined with chemometric techniques 
and different databases for identification of metabolites 
and metabolic cycles (5, 6). As it provides important 
data on chemical organizations, it is widely used for 
providing data information on disease process, 
biochemical functions and drug toxicity (7). This 
method is used in disease diagnosis (8), biomarker 
screening (9) and safety assessment of chemicals (10) 
for the presence and/or grading of different cancers 
such as prostate cancer (11), brain cancer (12), and 
breast cancer (13). Modeling of the spectra readings 
were carried out using chemometric methods like 
Partial Least Squares (PLS) of Orthogonal Signal 
Correction (OSC) and then the differentiating 
metabolites were identified using Human Metabolome 
Database (HMDB) or any other metabolic database 
(14). There are several studies with metabolomics 
distinguishing colon cancer patients from normal 
using feces, tissues and sera with mass spectrometry. 
Reports distinguishing the different stages of colon 
cancer using magic angle spinning 1HNMR and mass 
spectrometry have been recently published (15, 16). 

We have used the sera of colon cancer patients 
for recognition of different stages in confirmed colon 
cancer patients (17).  The discriminating metabolites 
were recognized by OSC-PLS modeling and identified 
using the HMDB (14) and metabolic cycles 
recognized by Metaboanalyst Database (16). 

 
 

Materials and Methods 
Sample collection 

Five ml blood was collected from people who 
were on a liquid diet for at least 48 hr and were 
referred to the Gastroenterology at Amir Alam 
Hospital, Tehran for colonoscopy. One group 
comprised 8 patients with stage 0 to I colon cancer 
and a second group made up of 8 patients with II, III 
and IV stage colon cancer.  All stages were confirmed 
by biopsy. Sera were separated and stored at -80 ºC. 
All patients filled up a consent form before serum 
collections, as per the requirements of Pasteur 
Institute Ethics Committee and the study protocol 
conforms to the ethical guidelines of the 1975 
Declaration of Helsinki as reflected in a priori 
approval by the institution's human research 
committee.  
 
Sample preparation and 1HNMR spectroscopy  

The protocol was carried out as described earlier 
(17). A mixture of 600 µl serum was mixed with 70 µl 

D2O and internal reference 1 mM sodium 2-
trimethylsilylpropionate (TMSP). The test was 
carried out in a 5 mm NMR tube at room 
temperature and data acquisition was performed.  
For NMR data assembly, one dimensional 1HNMR 
spectra were obtained on a Bruker DRX-500 NMR 
spectrometer operating a 500.13 MHZ and Carl 
Purcell Meiboom Gill (CPMG) 90-(t-180-tn-
acquisiton). The variables of the signal intensities 
and chemical shifts were integrated and were 
written into the Excel file. The normal intensities of 
both the groups were recorded into the MATLAB file. 
The matrices were 0 for stages 0,I and 1 for stage II, 
III and IV in the MATLAB file. OSC filters were used to 
remove noise from the spectrum  hilew. PLS was 
carried out to separate the samples and differentiating 
metabolites identified from the outliers numbers 
corresponding to the chemical shifts in the excel file.   
 
Identification of metabolites 

The metabolites corresponding to the differen-
tiating chemical shiftsin the sera were identified                 
using HMDB (http://www.hmdb.ca/metabolites) (14).  
Analysis of metabolites was carried out using 
Metaboanalyst software (16). 

 

Results  
Spectra obtained from the two groups are shown in 

Figure.1. The spectra for all the metabolites had 
increased except for pyridoxine which showed a 
decrease. OSC- PLS showed a very good separation of 
the two matrices (Figure2). The loading plot in Figure 3 
shows the levels of differentiating metabolites. The 
differentiating metabolites identified by HMDB are seen 
in Table 1. The metabolites were entered into the 
Metaboanalyst software and the important metabolic 
pathways were identified. Results from fold enrichment 
analysis depicting the important differentiating 
pathways are seen in Figure 4 with their P-values. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Spectra of the two groups with differentiated 
metabolites; horizontal axis depicting chemical shifts of the 
metabolites in ppm with TMSP as reference and y axis shows 
signal intensitiesproportional to molar concentrations 
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Figure 2. Score plot of PLS after OSC shows very good separation 
of samples; odd numbers indicate 0,I colon cancer stages and even 
numbers II, III and IV colon cancer stages samples 

 
 

 
 

Figure 3. Loading plot with levels of differentiating metabolites in 
the two groups  

 
 

Table 1. Metabolites separating the two groups of samples 
identified by HDMB; ascending and descending levels of 
metabolites in the serum are depicted by arrows 
 
 
Number Metabolite names Levels in serum 

Stage 0,I          Stage II,III,IV 
1 Deoxydinosine   

 
2 Pyroxidine   

 
3 Glycine   

 
4 Taurochoilic acid   

 
5 Cholesteryl Ester ce 

(18:2(9z,12z)) 
  

6 Deoxycholic acid   
 

 

Figure 4. Plot of Fold Enrichment Analysis showing the main 
metabolic pathways affected in the two groups of colon cancer stages 
 
 

Discussion 
We have distinguished the different stages of 

confirmed colon cancer using 1HNMR metabolomics. 
Stages 0 and I were in one group and stages II, III, 
and IV were in the other. The stages were well 
separated as shown in the score plot (Figure 2), the 
loading plot showed the presence of 6 metabolites of 
which 5 had increased in the stages of II, III, and IV. 

The metabolites detected included deoxyinosine 
which is a nucleoside involved in purine metabolism 
and participates in RNA synthesis. Modified 
nucleosides in the urine have been regarded as 
potential tumor biomarkers since 2006 (18), and the 
use of different liquid chromatographies like LC-MS 
in addition with chemometrics has made this event 
more likely. In Taiwan, urinary nucleosides have 
been studied as biomarkers of the breast, colon, lung, 
and gastric cancer, but the results of the six targeted 
nucleosides were good only for breast and gastric 
cancers and not the other two cancers (19). 
Deoxyinosine levels in our study are seen to increase 
in the stages of II, III and IV cancer as purine 
metabolism is reported to be high in tumors 
turnovers (20).  Purine metabolism is also seen as an 
important differentiating metabolite between the 
two groups. 

Pyridoxine is one of the other metabolites which 
participate in the vitamin B6 metabolic pathway. 
Increasing evidence prove that vitamin B6 (of which 
pyridoxine is part of its family) has a protective 
effect on colon cancer cells (21). High concentrations 
of vitamin B6 are seen to stimulate IGBF1, p53,                
and p21 which are defensive factors against colon 
cancer. There is increasing evidence that dietary 
supplemental vitamin B6 suppresses colon damage, 
epithelial cell proliferation and protein expression of 
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HSP70 and HO-1, the targets for anti-tumor agents, 
in rats exposed to 1,2 dimethyl hydrazine.  It is 
observed that pyridoxine levels are lowered in the 
stages of II, III, and IV as compared to stage 0 and I 
(23). 

Cholesterol, taurocholic acid, and deoxycholic 
acid are three related metabolites participating in 
bile acid biosynthesis whose levels had increased in 
the II and III stage groups.  Cholesterol is an essential 
constituent of the plasma membrane and rigidifies it. 
Bile acids are cholesterol derivatives with detergent 
properties; they may alter the stability of the 
membrane lipid bilayer causing unspecific cell 
damage resulting in the focal destruction of the 
intestinal epithelium. Bile acids are components 
normally seen in the intestine and have been 
suggested as the tumor promoting agents since 1939. 
Their high physiological concentrations can cause 
nitrosative and oxidative effects, mutations and DNA 
damage along with the development of apoptosis and 
mutations. Bile acids are known to be carcinogenic, 
with high-fat diets modulating bile acid homeostasis 
and altered levels of bile acids leading to colorectal 
pathogenesis (24). For example, a bile acid-
supplemented diet in mice has been shown to induce 
colorectal cancer directly, suggesting that bile acids 
are carcinogenic (25). The fecal ratio of lithotomic 
acid to deoxycholic acid, a risk factor for colon cancer 
is also reduced in rats fed on a high-fat diet along 
with vitamin B6 (26).  Deoxycholic acid, one of the 
bile acids is seen to be higher in the serum of 
individuals with adenoma. Bile acids induce DNA 
damage in colon cells with oxidative DNA damage, a 
likely component and is linked to increased risk of 
colon cancer. A rapid effect on cells of high bile acid 
exposure is the generation of reactive nitrogen 
species, disruption of the cell membrane and 
mitochondria induction of DNA damage, mutation, 
apoptosis and development of reduced apoptosis 
capability upon chronic exposure (27). 

Glycine is an important amino acid associated with 
different cycles in colon cancer and seen to increase in 
the second, third and fourth stages as compared to 
stages 0 and I. High glycine consumption was seen in 60 
types of cancer cells (28). Recent developments suggest 
one of the possible drivers of oncogenesis  is 
hyperactivation of the one-carbon metabolism which 
engage the folate and methionine cycles and hence 
incorporate carbon units from amino acids including 
serine and glycine which make varied products such as  
lipids, nucleotides, and proteins (29). A glycine cleavage 
system is active in some cells which produce ammonia,  
carbon dioxide and a carbon unit for the methylation of 
tetrahydrofolate. In some cells, threonine can also be 
converted to glycine through an aldol cleavage. Glycine 
can also be generated from many other sources, 
including choline, betaine, dimethylglycine and 
sarcosine (also known as N-methylglycine), through a 

series of reactions that involve demethylation (30). An 
increase in circulating concentrations of gastrin or 
gastrin precursors such as progastrin and glycine-
extended gastrin has been proposed to promote the 
development of CRC (31). Interesting results are shown 
by mass spectrometry on tissues which indicate that 
regional contents of glutamate, glutamine, glycine, 
leucine/isoleucine/hydroxyproline, phenylalanine, and 
alanine were significantly elevated in metastatic tumors 
versus parenchyma of tumor-bearing livers (32). 

Research carried out on Ki-ras mutations (a 
codon which is molecular on/off switch) might have 
an effect on the survival rate of CRC patients and that 
the specific codon 12 glycine/valine mutations might 
play a role in the progression of this cancer, thus 
leading to a higher risk of disease relapse or death in 
30%. Furthermore, when this mutation is present in 
the third stage, this risk goes up as far as 50% (33).  
In this study, glycine level is seen to increase in the II, 
III, and IV stage groups. 

 

Conclusion  
Glycine is also a constituent of glutathione 

metabolism which is one of the important cycles                
in which it participates. The glutathione/glutathione-
S-transferase enzyme detoxification system in the 
colon is important for protection against carcinogens. 
An association of low colonic glutathione/ 
glutathione-S-transferase activity levels and high 
clinical risk for the development of CRC has been 
observed (34).  A significant association was found in 
another study between glutathione-S-transferase 
(GST) activity in the mucosa along the gastro-
intestinal tract and corresponding tumor incidence. 
Low activity of this enzyme was correlated with high 
tumor incidence and vice versa (35). This enzyme 
and its isozymes also play a significant role in 
response to different chemotherapy drugs (36). 

It can be stated that the stages of colon cancer 0. I 
and II, III and IV could be separated by sera of colon 
cancer patients using metabolomics on spectra of 
1HNMR.  The metabolites which separated the two 
groups were deoxyinosine, pyridoxine, glycine, 
taurocholic acid, CE and deoxycholic acid. Of the 
metabolic cycles, the main ones were bile acid 
biosynthesis, glutathione metabolism, and vitamin 
B6 metabolism. 
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