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 
Abstract—Metabolomics has become a rising field of research 

for various diseases, particularly cancer. Increases or decreases in 
metabolite concentrations in the human body are indicative of various 
cancers. Further elucidation of metabolic pathways and their 
significance in cancer research may greatly spur medicinal discovery. 
We analyzed the metabolomics profiles of lung cancer. Thirty-three 
metabolites were selected as significant. These metabolites are 
involved in 37 metabolic pathways delivered by MetaboAnalyst 
software. The top pathways are glyoxylate and dicarboxylate 
pathway (its hubs are formic acid and glyoxylic acid) along with 
Citrate cycle pathway followed by Taurine and hypotaurine pathway 
(the hubs in the latter are taurine and sulfoacetaldehyde) and Glycine, 
serine, and threonine pathway (the hubs are glycine and L-serine). We 
studied interactions of the metabolites with the proteins involved in 
cancer-related signaling networks, and developed an approach to 
metabolomics biomarker use in cancer diagnostics. Our analysis 
showed that a significant part of lung-cancer-related metabolites 
interacts with main cancer-related signaling pathways present in this 
network: PI3K–mTOR–AKT pathway, RAS–RAF–ERK1/2 pathway, 
and NFKB pathway. These results can be employed for use of 
metabolomics profiles in elucidation of the related cancer proteins 
signaling networks. 
 

Keywords—Cancer, metabolites, metabolic pathway, signaling 
pathway.  

I. INTRODUCTION 

ETABOLITES exist in every living organism, their 
profiling can provide in-depth biological insights that 

advance research across a variety of areas: Oncology, 
diabetes, and other disorders, as well as in neurology, 
immunology, gerontology, naming a few. Metabolomics 
research lately focused on cancer biomarker discovery. Cancer 
is the second leading cause of death in the United States, and 
responsible for 582,623 deaths in 2015, and lung cancer is a 
sad winner of them—157,444 deaths [1]. It has become ever 
more imperative that researchers focus their attention in this 
field. In metabolomics, intermediates of various metabolic 
pathways, metabolites are products of bodily processes that 
may indicate the presence of cancers. In general, metabolites 
are good biomarkers for cancer diagnostics because they can 
be easily measured non-invasive methods. We studied the 
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metabolites in lung cancer in attempt to select the best sets for 
using as biomarkers for diagnostics and monitoring of cancer 
progress. A number of studies appeared lately describing the 
sets of metabolites, which levels have aberrations in different 
cancers [2]–[5], nevertheless often the results are 
contradictory and not repeated in various publications; no 
consensus is reached that can make metabolite profiling a 
reliable tool for diagnostics. 

 
TABLE I 

METABOLITES USED AS METABOANALYST INPUT 
Metabolite HMDB ID KEGG ID Media Action Ref 

1-Methylnicotinamide HMDB00699 C02918 Urine decrease [6] 
3-Hydroxyisovaleric 

acid 
HMDB00754 - Urine decrease [6], [7]

Acetic acid HMDB00042 C00033 Urine increase [6] 

Acetone HMDB01659 C00207 Urine increase [6], [7]

Adipic acid HMDB00448 C06104 Urine decrease [6], [7]
Alpha-

hydroxyisobutyric acid
HMDB00729 - Urine increase [7] 

Betaine HMDB00043 C00719 Urine increase [6], [7]

Choline HMDB00097 C00114 Urine decrease [7] 

cis-Aconitic acid HMDB00072 C00417 Urine increase [7] 

Citric acid HMDB00094 C00158 Urine increase [6], [7]

Creatine HMDB00064 C00300 Urine increase [6], [7]

D-xylose HMDB00098 C00181 Urine decrease [7] 

Ethanol HMDB00108 C00469 Urine increase [7] 

Formic acid HMDB00142 C00058 Urine increase [6], [7]

Fumaric acid HMDB00134 C00122 Urine increase [7] 

Glycine HMDB00123 C00037 Urine decrease [6] 

Glycolic acid HMDB00115 C00160 Urine decrease [6], [7]

Hippurate HMDB00714 C01586 Urine increase [6], [7]

Hypoxanthine HMDB00157 C00262 Urine increase [6], [7]

L-alanine HMDB00161 C000541 Urine increase [6], [7]

L-Carnitine HMDB00062 C15025 Urine increase [6], [7]

L-Valine HMDB00883 C00183 Urine increase [6] 

Levoglucosan HMDB00640 - Urine decrease [6] 

Mannitol HMDB00765 C00392 Urine increase [7] 
p-Hydroxyphenylacetic 

acid 
HMDB00020 C00642 Urine increase [7] 

Propylene glycol HMDB01881 C00583 Urine decrease [7] 

Succinic acid HMDB00254 C00042 Urine increase [6], [7]

Sucrose HMDB00258 C00089 Urine increase [6] 

Tartaric acid HMDB00956 C00898 Urine decrease [6] 

Taurine HMDB00251 C00245 Urine increase [6] 

trans-Aconitic acid HMDB00958 C02341 Urine increase [6] 

Trigonelline HMDB00875 C01004 Urine decrease [6] 
Trimethylamine N-

oxide 
HMDB00925 C01104 Urine increase [6] 
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