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[ Abstract ] Background and objective Lung cancer is one of the most common cancers worldwide. Thus far, good
tumor markers for diagnosing this disease have not been found. Therefore, the discovery of novel biomarkers through the appli-
cation of new methods has become a hotspot in lung cancer research. The aim of this study is to analyze low-molecular-weight
metabolites in the serum and urine samples of lung cancer patients and patients with other lung diseases through metabolo-
mics and to explore potential tumor markers further. Methods Both serum and urine samples from 19 lung cancer patients
and 15 patients with other lung diseases were subjected to metabolomic analysis using gas chromatography mass spectrometry.
Orthogonal to partial least squares discriminant analysis was performed for modeling. Two sample t-test was used to identify
differences in metabolite concentrations. Results A total of 57 metabolites were found in the serum, and 38 metabolites were
found in the urine. Multivariate statistical analysis yielded a significant distinction in the metabolic profiles between lung can-
cer patients and patients with other lung diseases. The t-test results indicated a total of 13 metabolites in the serum and 7 me-
tabolites in the urine with statistically significant differences. Conclusion Metabolomics is useful in discriminating between
lung cancer and other lung diseases. As a novel approach, it has potential in the diagnosis of lung cancer at molecular level.

[ Key words ] Lung neoplasms; Metabolomics; Gas chromatography/Mass spectrometry; Diagnosis; Biological
markers
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Tab 1 Serum metabolites of lung cancer and other lung diseases

Retention time (min) Metabolites Match percent (%)
5.351 Acetic acid 82
5.787 Pyruvate 89
5.815 Lactate 920
5.997 2-Hydroxy butanate 920
6.096 2-Hydroxybutyric 92
6.108 3-Hydroxy butanate 87
6.175 Pentanoate 98
6.387 Ethanedioic acid 84
6.636 Alanine 86
6.919 Valine 94
7.018 Testosterone 78
7.383 Glyceral 82
7.671 Xylitol 80
8.666 Urea 94
9.153 Leucine 91
9.226 Phosphric acid 98
9.472 Isoleucine 87
9.529 Proline 95
9.661 Glycine 91
10.121 Amber acid 97
10.405 Serine 83
10.775 Threonine 91
11.065 Creatinine 83
11.354 Dimethoxyphenylethylamine 72
11.592 Malonic acid 83
12.258 Aminomalonic acid 95
12.563 Propionic acid 91
13.931 Phenylalanine 91
14.142 Xylose 82
14.238 Maleic acid 82
14.375 Propylamine 81
14.685 Aspartic acid 83
16.034 Glutaminate 87
16.739 Ornithine 96
16.835 Citrate 87
17.014 Ribitol 78
17.378 Galctofuranose 78
18.037 Glucose 95
18.254 Mannose 20
18.366 Lysine 90
18.762 Tyrosine 91
18.962 Gulonic acid 920
19.161 Nuceic acid 929
19.546 Glucopyranose 94
20.146 Hexadecanoic acid 98
21.371 Cyclohexanhexol 90
21.497 Uric acid 93
21.741 Heptadecanoic acid 95
22.650 Tryptophane 920
22.816 9,12-Octadecadienoic acid 81
23.154 Trans-9-Octadecenoic acid 80
23.342 Octadecanoic acid 91
25.485 Arachidonic acid 93
29.473 Glucitol 83
32.282 VitaminE 95
32.567 Benzoic acid 85
33.089 Cholesterol 96
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Tab 2 Significantly changed metabolites in serum of lung cancer and other lung diseases

Metabolites P Tendency Ratio (lung cancer/other lung diseases)
Pyruvate <0.000,001 t 1.86
Lactate 0.000,099 t 1.54
Alanine 0.001,044 t 1.44
2-Hydroxy butanate 0.000,007 t 2.38
Ethanedioic acid 0.000,081 t 1.85
3-Hydroxy butanate 0.000,007 t 1.84
Glyceral 0.000,302 t 1.78
Proline 0.000,189 t 1.55
Ribitol 0.013,100 } 0.91
Citrate 0.000,445 t 2.00
Lysine 0.002,043 1 0.69
Hexadecanoic acid 0.030,245 t 1.39
9,12-Octadecadienoic acid 0.000,008 t 1.69

*Statistical P-value calculated using a two sample t-test (significance at P<0.05); t:The level of the metabolites is higher in lung cancer than in

other lung diseases; {:The level of the metabolites is lower in lung cancer than in other lung diseases.
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Tab 3 Urine metabolites of lung cancer and other lung diseases

Retention time (min) Metabolites Match percent (%)
5.806 Acetic acid 91
6.221 Alanine 80
7.800 Hydroxyisovaleric acid 99
8.326 Urea 86
8.817 Phosphric acid 98
9.213 Glycine 83
9.786 Hydroxygamma-butyrolactone 74
9.990 Serine 91
10.353 Threonine 20
10.873 Tetramethylenediamine 86
11.658 Aminolevulinic acid 72
11.961 Butane 920
12.027 Proline 94
12.475 Creatinine 99
12.626 3-Hydroxy butanate 94
12.857 Dithiane 97
13.483 Phenylacetic acid 96
14.267 Butyl aldehyde 81
14.338 Maleic acid 79
14.525 Propylamine 77
14.715 Xylitol 93
14.887 Arabitol 95
15.105 Acroleic 80
15.586 Ribotide 76
15.872 Ornithine 84
16.343 Citrate 90
17.417 Mannitic acid 70
17.727 Mannose 91
18.004 Glucose 91
18.228 Lactose 86
19.427 Glucanic acid 83
19.612 Hexadecanoic acid 99
21.061 Uric acid 920
20.831 Inositol 81
21.219 Heptadecanoic acid 97
21.564 Trans-9-Octadecenoic acid 83
22.835 Octadecanoic acid 97

29.128 Glucopyranose 95
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Tab 4 Significantly changed metabolites in urine of lung cancer and other lung diseases

* 199 -

Metabolites P Tendency Ratio (lung cancer/other lung diseases)
Creatinine 0.000,055 t 1.71
Inositol 0.005,763 t 1.49
3-Hydroxy butanate 0.004,642 t 1.70
Ribotide 0.000,594 { 0.75
Citrate 0.000,015 t 2.1
Hexadecanoic acid 0.000,365 t 2.24
Trans-9-Octadecenoic acid 0.009,524 t 1.60

*Statistical P-value calculated using a two sample t-test (significance at P<0.05); t:The level of the metabolites is higher in lung cancer than in

other lung diseases; {:The level of the metabolites is lower in lung cancer than in other lung diseases.
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1 MEASHEEMERRBEALBER (A) MR
&HEA (B) OPLS-DARBIEIRAIE, HEaES
KERMERE, deERRARECHIRREE.
Fig 1 OPLS-DA scores plot discriminating serum
(A) and urine (B) samples of lung cancer patients
and patients with other lung diseases based on
the metabolite profiling data. Blue circles indicate
lung cancer patients; red diamonds indicate pa-
tients with other lung diseases.
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