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Abstract 23 

This study explores for the first time the combination of serum, urine and bronchoalveolar 24 

lavage fluid (BALF) to deep insight into the pathology of lung cancer (LC) using a metabolomic 25 

platform based on gas chromatography mass spectrometry (GC-MS). The study includes LC 26 
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patients, a healthy control group (HC) and a group of patients with noncancerous lung diseases 27 

(NCC) used as a control group respect to BALF because of the invasive nature this fluid 28 

collection.  29 

The metabolomic platform was applied to serum, urine and BALF samples in order to compare 30 

the metabolomic profiles of these biological fluids and establish metabolic similarities and 31 

differences between them. The application of PLS-DA presented a clear classification of groups 32 

for all types of samples, indicating the existence of altered metabolites in LC. Twenty-six and 33 

thirty-one perturbed metabolites in the LC were annotated in the comparison of serum and 34 

urine samples. On the other hand, sixteen metabolites were altered in BALF of LC patients 35 

compared to NCC. The pathway analysis indicated that several amino acid metabolic routes 36 

were the most affected in LC. Finally, ROC curves were applied to the dataset and metabolites 37 

with an AUC value higher than 0.75 were considered as relevant in the progression of LC. 38 

 39 

Keywords: Serum, Urine, Bronchoalveolar lavage, Lung cancer, Gas chromatography, 40 

Metabolomics. 41 

 42 

1. Introduction 43 

It is well-known that the aggressive character of lung cancer (LC) causes more deaths than the 44 

combination of breast, prostate, colon and pancreatic cancers together [1]. LC is an unspecific 45 

disease difficult to discriminate from other lung disorders that leads to late diagnosis, being 46 

necessary to have safe and early diagnosis methods that allow to increase the averaged 47 

survival period of patients longer than five-years from 15% of cases to 85 % [2]. Several 48 

biomarkers have been extensively  used  for the diagnosis of LC as carcinoembryonic antigen 49 

(CEA), cancer antigen 125, cytokeratin 19 fragment (CYFRA21-1), and neuron-specific enolase 50 

[3], but these biomarkers present low accuracy, which limit their utility for early detection of 51 

LC.  52 
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Screening techniques, such as low-dose computed tomography (LDCT) could reduce mortality 53 

due to LC by 20%, however, the incidence of high false-positive rates (96%) decrease the 54 

efficacy of the technique and complementary noninvasive and sensitive/specific biomarkers 55 

should be used in conjunction with LDCT for more accurate diagnosis [4]. Other radiologic 56 

diagnosis techniques, such as 18F-fluorodeoxyglucose positron emission 57 

tomography/computed tomography FDG (PET/CT), have proved a high capability to detect 58 

cancerous lesions in the lung, despite their high cost makes these tests unable for general 59 

public annual screening under any healthcare system. 60 

Consequently, a deeper knowledge of metabolites involved in the normal physiological 61 

function of human cells and organs and the suitable interpretation of theirs interactions is 62 

essential to understand pathological mechanisms of diseases and the searching of early 63 

diagnostic markers, and metabolomics is a very suitable tool for this purpose [5]. 64 

Metabolomics has emerged as a valuable complement to genomics and proteomics to provide 65 

information related to cellular metabolic processes that drive tumor formation and 66 

progression. Metabolomics allows evaluating the variability in the number and type of 67 

metabolites expressed in lung tumors, which are related to the type, stage, and, potentially, 68 

the response to drug treatment [6].  69 

Therefore, the use of metabolic biomarkers to supplement imaging diagnosis is an interesting 70 

alternative to detect the onset of the disease, and the application of non-targeted 71 

metabolomic techniques for this purpose can provide new options in this field, since it can 72 

monitor the changes of these key-biomolecules in response to LC. 73 

Several metabolomic platforms has been proposed  in searching LC biomarkers based on NMR 74 

[7] and MS [2]. Generally, MS metabolomic approaches use couplings with HPLC [7] capillary 75 

electrophoresis [8] and gas chromatography [2,9], although direct infusion of the sample into 76 

the mass spectrometer has also been proposed [10].  77 
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Several human biofluids and tissue biopsies have been used in metabolomic studies[5] aimed 78 

to LC diagnosis, such as serum [2,11,12], plasma [13,14], urine [15], sputum [16], and lung 79 

tissues [2,17], but only a few authors had described the combined use of fluids or tissues for LC 80 

diagnosis purpose [2]. This complementary approach is useful because similar changes in both 81 

biofluids and resected tumors from cancer patients can reflect metabolic changes in the tumor 82 

itself. In addition, during oncogenesis the levels of some metabolites increase releasing into 83 

the blood, which results in higher levels of these metabolites in the serum. On the contrary, 84 

certain metabolites can be transferred from the blood to lung tumor promoting cancer 85 

proliferation [6]. So, the combined study of tumor tissues and biofluids allows not only the 86 

search for biomarkers for early diagnosis, but also as indicators of disease progression. 87 

In connection to this, bronchoalveolar lavage is a fluid obtained during the exploratory study of 88 

lung patients (bronchoscopy) through instillation and later aspiration of liquid in one or more 89 

lung segments, which provide information about cellular and epithelial surface of the lower 90 

respiratory tract. It is estimated that BALF samples take a million cells (1% of the lung surface), 91 

providing about 1 ml of pulmonary secretions in the total recovered liquid [18].  Since BALF is 92 

in close interaction with lung tissue is a very representative sample of lung status, and 93 

presents some equivalence with lung biopsies. 94 

Previous metabolomic studies based on BALF samples consider different lung diseases, such as 95 

asthma [19] or cystic fibrosis [20], but only one study reported by Callejón-Leblic et al. [21]  96 

focus on the use of this fluid in LC diagnosis. 97 

The aim of the present study was to identify altered metabolites in three different fluids from 98 

LC patients, which could provide interesting information about the pathology of LC and the 99 

proposal of tentative biomarkers for early diagnosis of the disease. To our knowledge, this is 100 

the first study which presents the joint study of these three fluids (serum, urine and BALF) in 101 

the diagnosis of LC using a metabolomic platform based on gas chromatography mass 102 

spectrometry (GC-MS).  103 
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 104 

2. Material and methods   105 

2.1.  Sample collection 106 

Blood and urine samples were collected from 32 lung cancer patients and 29 healthy people 107 

(HC) at the Pneumonology Area of Juan Ramón Jiménez Hospital (Huelva, Spain) from July 108 

2011 to July 2013. In the same way, a total of 54 BALF samples (24 LC and 30 NCC) obtained by 109 

bronchoscopy, were collected. Because the invasive character of the technique used to obtain 110 

the BALF, it is not possible to get samples from healthy people. In addition, the 24 BALF 111 

samples from LC patients overlapped to 24 serum and urine samples from the same patients. 112 

The blood samples were obtained by venipuncture of the antecubital region, after 8 hours of 113 

fasting, and collected in BD Vacutainer SST II tubes with gel separator and Advance vacuum 114 

system. The samples were immediately cooled and protected from light for 30 minutes to 115 

allow clot retraction. After centrifugation (2057 g for 10 minutes) serum, urine and BALF 116 

samples were aliquoted in Eppendorf tubes and frozen at -80°C until analysis. Clinical data of 117 

LC, NCC and HC patients are shown in Supplementary Material (Table 1 from serum and urine 118 

samples and in Table 2 from BALF samples). 119 

The work was performed in accordance with the principles contained in the Declaration of 120 

Helsinki and approved by the Ethical Committee of Juan Ramón Jiménez Hospital and 121 

University of Huelva. 122 

 123 

2.2.  Reagents 124 

All the solvents used were of HPLC-grade. Methanol, ethanol and pyridine were purchased 125 

from Aldrich (Steinheim, Germany). Formic acid was supplied by Merck (Darmstadt, Germany) 126 

and derivatizing agents, namely methoxylamine hydrochloride and N-methyl-N-(trimethylsilyl) 127 

trifluoroacetamide (MSTFA), as well as urease from Canavalia ensiformis (Jack bean) Type IX 128 

powder 50000-100000 units/g solid were obtained from Aldrich (Steinheim, Germany). Water 129 
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was purified with a Milli-Q Gradient system (Millipore, Watford, UK).  130 

 131 

2.3. Sample treatments 132 

Serum samples were extracted following a procedure described by Bruce et al. [22]. In brief, 133 

100 µL of serum were mixed with 400 µL of 1:1 MeOH/EtOH mixture in an Eppendorf tube and 134 

vortexed for 5 min at room temperature followed by centrifugation at 2057 g for 10 min at 4°C 135 

to discard the pellet which contains the protein fraction. The supernatant was transferred to 136 

another Eppendorf tube and was dried with a speed vacuum system (Thermo Scientific 137 

Savant® SPD111V SpeedVac® Concentrator) at 30 °C for 20 min. 138 

For urine sample treatment, 10 µl of urease from Canavalia ensiformis (Jack bean) Type IX (1 139 

mg/µl) were added to 50 µl of centrifuged urine and the mixture was incubated at 37°C during 140 

10 min. Then, 200 µl of MeOH was mixed with the sample and vortexed for 5 min. Urines were 141 

dried with a speed vacuum system in the same condition of serum samples.  142 

Finally, 500 µl of BALF samples were pre-concentrated using a speed vacuum system during 1h 143 

at 45 ºC. Serum, urine and BALF samples were reconstituted with the derivatizing agents. For 144 

the protection of carbonyl groups by methoxymation, dried extracts were redissolved in 50 µl 145 

of 20 mg mL−1 methoxyamine in pyridine, and after briefly vortexing were incubated at 80◦C 146 

for 15 min in a water bath. Subsequently, silylation was performed by adding 50 µl of MSTFA 147 

and incubation at 80◦C for 15 min. Finally, extracts were centrifuged at 2057 g for 5 min and 148 

the supernatant collected for analysis. 149 

 150 

2.4. Quality controls 151 

For each matrix, a total of seven Quality Control samples (QCs) were prepared by pooling equal 152 

volumes of all samples studied, which were treated with the sample procedure and analyzed 153 

for GC-MS. In brief, 20 µl of serum from all patients of the study (32 LC and 29) were mixed to 154 

prepare the QCs samples used in the analysis of serum. In the same way, 20 µl of urine from all 155 
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patients (32 LC and 29 HC) and BALF (24 LC and 30 NCC) were pooled independently for the 156 

metabolomics analysis of urine and BALF, respectively. Quality controls results were 157 

statistically treated by principal component analysis (PCA) and score plots represented in order 158 

to check the stability during the analysis. 159 

 160 

2.5.  GC-MS analysis. 161 

Gas chromatographic analysis was performed in a Trace GC ULTRA gas chromatograph coupled 162 

to an ion trap mass spectrometer detector ITQ900 (Thermo Fisher Scientific), using a Factor 163 

Four capillary column VF-5MS 30 m × 0.25 mm ID, with 0.25 µm of film thickness (Varian). The 164 

GC column temperature was set to 100ºC for 0.5 min, and programmed to reach 320ºC at a 165 

rate of 15ºC per minute. Finally, this temperature was maintained for other 7 min, being the 166 

total time of analysis 22.17 min. The injector temperature was kept at 280ºC, and helium was 167 

used as carrier gas at a constant flow rate of 1 ml min−1. For mass spectrometry detection, 168 

ionization was carried out by electronic impact (EI) with a voltage of 70 eV, by full scan mode 169 

in the m/z range 35–650, with anion source temperature of 200ºC. For analysis, 1 µl of sample 170 

was injected in splitless mode. 171 

 172 

2.6.  Data processing 173 

Raw data were processed following the pipeline described by Katajamaa and Oresic [23], 174 

which proceeds through multiple stages including feature detection, alignment of peaks and 175 

normalization. For this purpose the freely available XCMS software, included in the R platform 176 

(http://www.r-project.org) was used. Files were converted into net CDF using the Thermo File 177 

Converter tool (Thermo Fisher Scientific) and subsequently, data were extracted using the 178 

matched filter method. This algorithm slices data into extracted ion chromatograms (XIC) on a 179 

fixed step size, and then each slice is filtered with matched filtration using a second-derivative 180 

Gaussian as the model peak shape. The XCMS parameters were optimized according to the 181 
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characteristics of datasets obtained in order to extract the maximum information as possible. 182 

Finally, the settings applied for GC-MS data were S/N threshold 2, full width at half-maximum 183 

(fwhm) 3, and width of the m/z range 0.1 (step parameter). After peak extraction, grouping 184 

and retention time correction of peaks (alignment) was accomplished in three iterative cycles 185 

with descending bandwidth (bw) from 5 to 1 s. For data normalization, the locally weighted 186 

scatter plot smoothing (LOESS) normalization method was used, which adjusts the local 187 

median of log fold changes of peak intensities between samples in the data set to be 188 

approximately zero across the whole peak intensity range. The preprocessed data were then 189 

exported as a .csv file for further data analysis by multivariate procedures. 190 

 191 

2.7. Statistical Analysis and biomarker identification 192 

GC-MS data were processed with SIMCA-P™ software (version 11.5, published by UMetrics AB, 193 

Umeå, Sweden) to perform principal component analysis (PCA) and partial least squares 194 

discriminant analysis (PLS-DA) in order to compare metabolomic profiles obtained. Before 195 

performing statistical analysis, data was submitted to Pareto scaling, for reducing the relative 196 

importance of larger values, and logarithmic transformation, in order to approximate to a 197 

normal distribution. Finally, potential biomarkers were selected according to the Variable 198 

Importance in the Projection, or VIP (a weighted sum of squares of the PLS weight, which 199 

indicates the importance of the variable in the model), considering only variables with VIP 200 

values higher than 1, indicative of significant differences among groups. NIST Mass Spectral 201 

Library (version 08) was used to identify the altered metabolites, considering only those 202 

variables with a probability greater than 80%. On the other hand statistical significance was 203 

analyzed using one-way ANOVA followed by multiple tests correction with the Tukey test 204 

(STATISTICA 8.0 sotfware, StatSoft, Tulsa, USA), using a level of probability of 0.05 as criterion 205 

for significance. 206 

 207 
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2.8.  Metabolic pathway analysis 208 

Metabolic pathway analysis was performed to identify the affected pathways on the basis of 209 

altered metabolites. The Metaboanalyst 4.0 web tool (http://www.metaboanalyst.ca/) was 210 

used for this purpose, which conducts pathway analysis through pathway enrichment analysis 211 

and pathway topological analysis. The “Homo sapiens” library was selected using the default 212 

“Hypergeometric Test” and “Relative-Betweenness Centrality” algorithms for pathway 213 

enrichment analysis and pathway topological analysis, respectively. In order to identify the 214 

most relevant pathways, the impact-value threshold calculated from pathway topology 215 

analysis was set at 0.1. 216 

 217 

2.9.  Sensitivity and Specificity of altered metabolites in serum, urine and BALF 218 

The area under the curve of the receiver operator characteristic (ROC) was used to determine 219 

the specificity and the sensitivity of altered metabolites in relation to the disease to 220 

discriminate patients with lung cancer from control subjects. The analysis was applied to the 221 

resulting altered metabolites in LC detected from GC-MS using the Metaboanalyst 4.0 222 

(http://www.metaboanalyst.ca/) software. Resulting data was carried out by logarithmic 223 

transformation and Pareto scaling.  224 

 225 

3. Results 226 

The resulting mass data of serum and urine samples from LC and HC and mass data of BALF 227 

samples from LC and NCC were subjected to multivariate statistical analysis. Principal 228 

component analysis (PCA) was applied for a preliminary evaluation of the quality of the data 229 

before the application of any supervised statistical analysis. In addition, grouping of quality 230 

control from serum, urine and BALF samples in PCA corroborated the stability of the GC-MS 231 

analysis (Supplementary Material, Figure 1). The PLS-DA score plots from serum (Figure 1a) 232 

and urine samples (Figure 1b)  showed a good classification between LC and HC groups and 233 

http://www.metaboanalyst.ca/
http://www.metaboanalyst.ca/
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presented good validation parameters of the model, being the statistic performance R2Y=0.986 234 

and the predictive parameter Q2= 0.731 for serum and R2Y=0.982 and Q2= 0.777 for urine.  A 235 

total of 26 altered metabolites (Table 1) were annotated in serum from LC patients. In 236 

addition, p-values from one-way ANOVA followed by a multiple test correction based on Tukey 237 

test was carried out in the serum and urine dataset.  AUC values of ROC curves analysis to 238 

determine the specificity and sensitivity of altered metabolites in LC are also shown in Table 3.  239 

L-valine, L-glycine, uridine, malonic acid, fructose, phosphoric acid, L-asparagine, deoxy-240 

glucose, glucose uric acid, stearic acid and margaric acid showed AUC values higher than 0.75 241 

suggesting being possible biomarkers of LC. 242 

 243 

Table 1. Altered metabolites in serum from LC with VIP, sense of alteration, fold change (LC/HC), p-value 244 
from one-way ANOVA followed by Tukey test and AUC values. 245 
 246 

Metabolite Rt (min) VIP 
Disturbance 

sense 
Fold change p values AUC 

L-Valine* 4.15 1.5 ↓ 0.53 0.001 0.75 

L-Glycine* 4.63 1.33 ↓ 0.91 0.022 0.76 

Tartaric acid 5.02 1.2 ↓ 0.54 0.01 0.72 

L-Serine 5.32 1.12 ↓ 0.67 0.012 0.67 

L-Threonine 5.48 1.38 ↑ 1.54 0.009 0.69 

Uridine* 5.82 1.31 ↓ 0.6 0.004 0.76 

Malonic acid* 6.23 1.02 ↑ 1.02 0.002 0.75 

L-Proline 6.45 1.39 ↓ 0.64 0.002 0.71 

L-Cysteine 6.92 1.28 ↑ 1.9 0.039 0.64 

L-Glutamine 7.40 1.57 ↓ 0.61 0.043 0.67 

L-Phenilalanine 7.53 1.92 ↑ 1.03 0.022 0.73 

Fructose* 7.57 2.24 ↓ 0.69 0.009 0.75 

Phosphoric acid* 8.35 1.63 ↓ 0.82 0.005 0.77 

Isocitric acid 8.57 2.27 ↓ 0.77 0.013 0.61 

L-Asparagine* 8.77 2.57 ↓ 0.52 0 0.83 

Inositol 8.87 1.66 ↓ 0.56 0.002 0.74 

L-Ornithine 8.97 1.32 ↓ 0.7 0.018 0.65 

Deoxy-glucose* 9.10 2.31 ↑ 4.24 0.046 0.8 

Glucose* 9.38 2.74 ↑ 2.29 0.001 0.82 

Palmitic acid 10.18 2.01 ↓ 0.94 0.037 0.53 

Uric acid* 10.72 2.64 ↓ 0.38 0.003 0.79 

Stearic acid* 11.38 1.82 ↓ 0.41 0.001 0.8 

L-Cystine 11.88 1.48 ↓ 0.91 0.009 0.54 

Myristic acid 12.45 2.42 ↓ 0.5 0.042 0.73 
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Margaric acid* 13.93 2.24 ↑ 0.42 0.012 0.78 

Arachidonic acid 15.30 1.98 ↓ 0.65 0.02 0.67 

 247 
*Metabolites with AUC higher than 0.75 248 
 249 

Sample treatment for urine metabolome analysis was optimized to reduce urea interference in 250 

mass spectra by adding urease from Canavalia ensiformis (Jack bean) Type IX. Figure 2 251 

compares two chromatograms obtained from the analysis of urine samples with and without 252 

sample treatment with urease. It can be observed that the band generated between 2 and 3 253 

minutes disappears with the use of the enzyme. Table 2 showed a total of 32 altered 254 

metabolites in LC resulting of the comparison between LC and HC.  The values of VIP, Fold 255 

change, disturbance sense, p-values from one-way ANOVA followed by a multiple test 256 

correction based on Tukey test and AUC values from ROC curves analysis are also shown in 257 

Table 2. In urine, the perturbed metabolites with AUC values higher than 0.75 were malonic 258 

acid, L-glycine, succinic acid, L-threonine, adipic acid, aconitic acid, phosphoric acid, isocitric 259 

acid, inositol, glucose,  glucaric acid, uric acid and stearic acid. 260 

 261 

Table 2. Altered metabolites in urine from LC with VIP, sense of alteration, fold change (LC/HC), p-value 262 
from one-way ANOVA followed by a multiple test correction Tukey test and AUC values. 263 

Metabolite Rt (min) VIP 
Disturbance 

sense 
Fold change p values AUC 

L-Alanine 3.30 1.19 ↑ 8.6 0.031 0.59 

Acetic acid 3.38 1.72 ↑ 3.17 0.043 0.59 

Malonic acid* 3.67 1.73 ↑ 3.31 0.005 0.79 

Urea 3.82 1.85 ↑ 8.84 0.011 0.7 

L-Glycine* 4.63 2.46 ↓ 0.29 0.005 0.82 

Succinic acid* 4.88 1.42 ↑ 7.21 0.033 0.81 

Glyceric acid 4.95 1.79 ↑ 4.12 0.013 0.74 

L-Serine 5.32 1.29 ↑ 2.71 0.033 0.61 

L-Threonine* 5.48 1.74 ↑ 4.07 0.029 0.82 

Butanoic acid 5.78 1.52 ↑ 5.17 0.01 0.68 

Threonic acid 6.67 1.93 ↑ 2.03 0.009 0.7 

Creatinine 6.90 1.94 ↑ 1.71 0.029 0.67 

Glutaconic acid 7.10 1.28 ↑ 1.84 0.003 0.73 

L-Aspartate 7.48 1.23 ↑ 2.41 0.047 0.73 

Ribonic acid 7.57 2 ↑ 2.91 0.043 0.66 

Adipic acid* 7.78 2.21 ↑ 3.96 0.017 0.75 
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Arabitol 7.90 1.36 ↑ 2.72 0.02 0.63 

Ribitol* 8.08 1.29 ↑ 2.76 0.003 0.79 

Aconitic acid* 8.27 1.51 ↑ 2.09 0 0.81 

Phosphoric 
acid* 

8.35 1.61 ↓ 0.39 0.011 0.75 

Isocitric acid* 8.57 1.44 ↓ 0.4 0.034 0.75 

Hippuric acid 8.78 2.37 ↓ 0.47 0.035 0.69 

Purine 8.82 1.87 ↑ 3.72 0 0.54 

Inositol* 8.87 1.59 ↓ 0.17 0.005 0.76 

Gluconic acid 9.23 2.01 ↑ 3.35 0.021 0.74 

Sorbitol 9.48 1.24 ↑ 2.37 0.003 0.67 

Glucaric acid* 9.55 2.07 ↓ 0.11 0.048 0.93 

Galactaric acid 9.65 1.56 ↑ 3.26 0.019 0.67 

Palmitic acid 10.18 1.53 ↑ 1.85 0.032 0.7 

Uric acid* 10.72 1.99 ↑ 4.25 0.044 0.75 

Stearic acid* 11.38 2.1 ↑ 2.79 0 0.88 

 264 
* Metabolites with AUC higher than 0.75 265 
  266 

Finally, PLS-DA score plots from BALF samples (LC vs NCC) are shown in Figure 1c, exhibiting a 267 

statistic performance of R2Y=0.992 and the predictive parameter Q2= 0.763. A total of 16 268 

altered metabolites (Table 3) were annotated in LC. The p value from one way ANOVA 269 

followed by Tukey test and AUC are also collected in Table 3, in this case only glycerol and 270 

phosphoric acid showed AUC > 0.75  271 

Table 3. Altered metabolites in BALF from LC with VIP, disturbance sense, fold change (LC/NCC), p-value 272 
from one-way ANOVA followed by a multiple test correction Tukey test and AUC values. 273 

Metabolite Rt (min) VIP 
Sense of 

alteration 
Fold change p values AUC 

Lactic acid  2.87 1.96 ↓ 0.62 0.012 0.65 

Acetic acid  3.38 1.93 ↑ 1.71 0.047 0.52 

Glycerol* 4.28 2.18 ↓ 0.59 0.004 0.88 

L-Glycine  4.63 1.49 ↓ 0.6 0.017 0.74 

L-Aspartate  6.35 1.35 ↓ 0.48 0.047 0.74 

L-Proline  6.45 1.01 ↓ 0.68 0.042 0.63 

L-Glutamine  7.13 1.44 ↓ 0.50 0.033 0.66 

Fructose  7.57 1.66 ↓ 0.58 0.017 0.60 

Phosphoric acid* 8.35 2.12 ↓ 0.42 0.047 0.79 

Isocitric acid  8.57 1.67 ↓ 0.53 0.023 0.57 

Inositol  8.87 1.17 ↓ 0.63 0.028 0.58 

Galactose  9.08 2.1 ↓ 0.63 0.043 0.68 

Palmitic acid  10.18 2.11 ↑ 1.37 0.008 0.69 

Stearic acid  11.38 1.88 ↑ 1.36 0.022 0.64 

Inosine  13.13 1.02 ↓ 0.36 0.038 0.63 
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Oleic acid  13.70 1.45 ↓ 0.78 0.023 0.54 

* Metabolites with AUC higher than 0.75. 274 

Subsequently, among total altered metabolites observed in the different analyzed samples 275 

(serum, urine and BALF) only six were common in the three fluids, as can be seen in the Euler 276 

diagram (Fig. 3), which shows the number of altered metabolites in LC and the coincidences 277 

between fluids. On the other hand, seven metabolites were common in serum and BALF, seven 278 

in urine and BALF, and ten in serum and urine. Table 4 shows that four of six common 279 

metabolites of the three fluids (L-glycine, phosphoric acid, isocitric acid and inositol) presented 280 

the same change sense, independently of the fluid considered which is indicative of the role of 281 

these metabolites in relation to the pathology of LC.  On the contrary, palmitic and stearic acid 282 

showed an increase in urine and BALF, and a decrease in serum. On the other hand, perturbed 283 

L-serine and malonic acid presence were in common in serum and urine samples, although the 284 

change sense for L-serine decreased in serum and increased in urine. However, malonic acid 285 

increased in both fluids. Finally, L-proline presented reduced levels in serum and BALF, and L-286 

aspartate increased in urine and decreased in BALF. 287 

 288 

Table 4.-  Altered metabolites in most than one fluid (serum, urine and BALF) 289 

Metabolites SERUM  URINE  BALF 

Palmitic acid  ↓(FC = 0.94) ↑( FC = 1.85) ↑( FC = 1.37) 

Phosphoric acid ↓( FC = 0.82) ↓( FC = 0.39) ↓( FC = 0.42) 

Isocitric acid ↓( FC = 0.77) ↓( FC = 0.41) ↓( FC = 0.53) 

L-Serine ↓( FC = 0.67) ↑( FC = 2.71) - 

L-Proline ↓( FC = 0.64) - ↓( FC = 0.68) 

Inositol ↓( FC = 0.56) ↓( FC = 0.17) ↓( FC = 0.63) 

Stearic acid ↓( FC = 0.41) ↑( FC = 2.79) ↑( FC = 1.36) 

Uric acid  ↓( FC = 0.38) ↑( FC = 4.25) - 

L-Glycine ↓ (FC = 0.91) ↓( FC = 0.29) ↓( FC = 0.60) 

L- Threonine ↑( FC = 1.54) ↑( FC = 4.07) - 

Malonic acid  ↑( FC = 1.02) ↑( FC = 3.31) - 

L-Aspartate - ↑( FC = 2.41) ↓( FC = 0.48) 

FC: Fold Change 290 

The altered metabolic pathways associated with the metabolites perturbed in LC were 291 

identified using the pathway analysis tool from “Metaboanalyst 4.0”. A total of 22, 34 and 40 292 
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metabolic routes have been altered in LC from serum, urine and BALF, respectively. A 293 

representation of the impact of these routes in LC can be observed in Figure 4 where each dot 294 

represents a metabolic pathway and its size indicates the impact of pathways in response to 295 

LC. Perturbations in glycine, serine and threonine metabolism, arginine and proline 296 

metabolism, inositol and phosphate metabolism, alanine, aspartate and glutamate 297 

metabolism, pyruvate metabolism, galactose metabolism and cysteine and methionine 298 

metabolism have been observed, being the most altered pathways in LC calculated according 299 

to the corresponding p and Impact values. Figure 5 shows a summary chart of the 300 

interconnected metabolic pathways related to altered metabolites in LC. 301 

 302 

4. Discussion. 303 

In this study, a metabolomic approach based on GC-MS was applied to serum, urine and BALF 304 

samples from LC and control patients. The main novelty of this work is the application of 305 

metabolomics to three human biological fluids from patients with LC to identify altered 306 

metabolites that can help to decipher the pathology of LC and the proposal of tentative 307 

biomarkers to the early diagnosis of the disease. In addition, it is the first time that 308 

metabolomic relationships between serum, urine and BALF samples from patients with LC are 309 

considered. 310 

Statistical analysis PLS-DA from serum and urine samples allowed identifying twenty-six and 311 

thirty-one altered metabolites, respectively, in LC. In relation to BALF, sixteen metabolites 312 

showed perturbations in LC compared to patients with non-cancerous lung diseases being 313 

palmitic acid, phosphoric acid, isocitric acid, inositol, stearic acid and malonic acid altered 314 

metabolites in common with serum and urine, as has been previously commented. 315 

ROC curves analysis of the total altered common metabolites in serum, urine and BALF showed 316 

that phosphoric acid was the only metabolite with higher AUC values in the three fluids, 317 
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suggesting the importance of this metabolite in the pathogenesis of LC. On the other hand, 318 

malonic, palmitic, stearic and uric acids presented AUC values higher than 0.75 in serum and 319 

urine samples from LC groups. The purpose of relating altered metabolites in different fluids, 320 

as well as the evaluation of the specificity and sensitivity of them, is to obtain a set of 321 

biomarkers that facilitate the diagnosis of LC.  322 

A number of amino acids change in the three fluids from LC patients (L-glycine, L-alanine, L-323 

valine, L-proline, L-serine, L-asparagine, L-glutamate, L-aspartate, L-threonine, L-ornithine, L-324 

cysteine and L-glutamine) which is in accordance with previous reports from other authors 325 

[2,9,12,14,17]. L-glycine, L-proline, L-valine, L-serine, L-asparagine and L-ornithine diminished 326 

in serum, and L-glycine diminished in urine; and L-glycine, L-aspartate, L-proline and L-327 

glutamine decreased in BALF samples from LC patients. On the other hand, L-threonine and L-328 

cysteine increased in serum and L-alanine and L-aspartate increased in BALF samples. L-glycine 329 

was the only common altered amino acid that decreased in all the fluids. This metabolite is 330 

involved in the serine, threonine and glycine metabolism, one of the most altered metabolic 331 

route in the pathway analysis (Fig.4) and consequently in the production of succynil-CoA, 332 

important substratum in the TCA cycle. Several studies showed a reduction of L-glycine levels 333 

in LC patients in accordance to our results, as Chen et al [9], who reported a decrease of this 334 

amino-acid in serum from preoperative LC patients using GC-MS and Wen et al [24] who 335 

described low levels of L-glycine in plasma from LC adenocarcinoma patients compared to 336 

healthy people. On the other hand, a recent metabolomic study in sputum from LC patients 337 

stated also a decrease of this metabolite in NSCLC and SCLC patients [25], and Rocha et al 338 

described a decrease of this amino acid in human lung tissue from LC patients [17]. In addition, 339 

Zhang et al., found an increase of the enzyme glycine descarboxylase (GLDC) in cells isolated 340 

from NSCLC tumors with a concomitant decrease in glycine [26].  GLDC is involved in the 341 

degradation of glycine which is associated to the generation of methyl groups that can be used 342 

in purine biosynthesis. Therefore, the overexpression of this enzyme could be explained by the 343 
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decrease of glycine in LC. In addition, L-glycine showed high AUC values in serum (Table 1), 344 

urine (Table 2), and BALF (Table 3) suggesting that this metabolite could be considered as 345 

possible biomarker of LC. L-proline decreased in serum and BALF samples from LC patients. 346 

This metabolite participates in the arginine and proline metabolic pathway and is related to 347 

urea cycle and nitrogen metabolism. According to our results, other authors reported that 348 

levels of L-proline were reduced in patients with LC adenocarcinoma [24] and postoperative LC 349 

patients [9] compared with healthy people. On the other hand, Klupzynska et al., reported a 350 

decrease of L-proline in serum from LC patients using UPLC/Q-TOF-MS [27]. 351 

L-aspartate increased in urine, but decreased in BALF samples. This non-essential amino acid is 352 

involved in the production of proteins and it participates in numerous metabolic routes, being 353 

the alanine, aspartate and glutamate metabolism one of the most relevant routes related to 354 

TCA cycle. In addition, L-aspartate produces L-asparagine, an amino acid that presents 355 

alterations in the present work generating oxaloacetate, which suggests perturbations in 356 

energy metabolism.  Hori et al. [2] reported decreased levels of L-aspartate in serum, which 357 

increased in lung tissue from LC, and Klupzynska et al. [27] found increased levels of this amino 358 

acid in NSCLC patients.  359 

The levels of fatty acids such as palmitic, margaric, arachidonic, oleic and stearic acids were 360 

found altered in fluids from LC patients, which can be associated to proliferating tumor cells 361 

that use long chain fatty acids for membrane assembly, lipid modifications of proteins and 362 

energy production. Only palmitic and stearic acid alterations were common in the three fluids 363 

but the behavior was different between them, increasing in BALF and urine and decreasing in 364 

serum. Yanjie Li et al,[28] reported a decrease of stearic acid in serum, whereas other author 365 

as Hori et al., reported an increase of it in lung tumor tissues [2] and Yingrong et al., found 366 

increased levels of stearic acid in postoperative lung cancer serum samples compared to 367 

preoperative lung cancer patients [9]. 368 
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Other organic acids as acetic, lactic, phosphoric, malonic, isocitric, uric, butanoic, ribonic, 369 

hexanedioic, hippuric and aconitic acids were altered in LC. However only phosphoric and 370 

isocitric acids showed similar changes in BALF, serum and urine decreasing in the three fluids. 371 

Isocitric acid is related to the formation of α-ketoglutarate also involved in Krebs cycle, and 372 

phosphoric acid participates in oxidative phosphorylation, metabolic pathway related to the 373 

production of ATP. Hori et al., [2] described a diminution of phosphoric acid in serum from LC 374 

patients, similarly to that reported by Chen et al,[9] which is agreement with our results. It 375 

should also be noted that the AUC values of phosphoric acid determined in the three fluids 376 

(serum, urine and BALF) were greater than 0.75 (Table 1, 2 and 3) in all the cases, supporting 377 

the possible association of this metabolite to the progression of LC. 378 

Glycerol is a three-carbon substance that forms the backbone of fatty acids in fats and, 379 

consequently, contributes to phospholipids biosynthesis. Glycerol can be converted to glucose 380 

by the liver and provides energy for cellular metabolism. Glycerol decreased in BALF from LC 381 

patients due to its rapid conversion to glucose, which increased in LC to sustain cancer growth 382 

[29]. On the other hand, fructose, galactose, glucose and 2-deoxy-D-glucose, involved in 383 

carbohydrates metabolism and other acids implicated in energy metabolism as glucaric and 384 

galactaric acid decreased in LC also in connection with energy metabolism. 385 

Decreased levels of inositol were found in serum, urine and BALF samples from LC patients.  386 

This metabolite is an isomer of glucose being a fundamental component of the cell membrane, 387 

so it is an essential nutrient required by human cells for growth and survival in culture and it is 388 

involving in inositol phosphate metabolism. Several authors reported a decrease of inositol in 389 

LC patients as Chen et al, in preoperative LC patients compared to healthy controls and also in 390 

comparison to postoperative LC patients [9], and Rocha et al described a decrease of this 391 

metabolite in human lung tissue from LC people, proposing that inositol are reduced in tumors 392 

possibly as consequence of  local changes in osmotic regulation [17]. 393 
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 394 

5. CONCLUSIONS 395 

The application for the first time of a metabolomic platform to three human biofluids (serum, 396 

urine and BALF) of LC patients based on GC-MS has provided new information about the 397 

pathogeny of this disease. Despite the novelty of comparing altered metabolites in three fluids 398 

from LC patients, this study presents a limitation due the different controls used (HC and NCC). 399 

However, the use of this type of control for BALF is the only way to have a metabolomic 400 

comparison between people with lung cancer and others who do not have it. 401 

 Comparisons of results from LC cases against control groups (HC for serum and urine or NCC 402 

for BALF) revealed the alteration of 26 annotated metabolites in serum and 32 in urine. Finally, 403 

BALF samples results from LC and NCC showed 16 metabolites altered by the disease which six 404 

metabolites were common in the three fluids: malonic acid, palmitic acid, phosphoric acid, 405 

inositol, isocitric acid and L-glycine being phosphoric acid the only metabolite with good 406 

sensitivity and specificity (AUC<0.75) for LC in the three fluids. 407 

Moreover, the study allows establishing the following common altered pathways: glycine, 408 

serine and threonine metabolism, arginine and proline metabolism, inositol phosphate 409 

metabolism, alanine, aspartate and glutamate metabolism, pyruvate metabolism, galactose 410 

metabolism and cysteine and methionine metabolism, which are the most altered pathways in 411 

LC according to the corresponding p and Impact values.  412 

Finally, it can be mentioned that several metabolite classes suffered alteration by the LC 413 

progression, such as amino acids, particularly L-glycine the only amino acid whose level 414 

decreased in the three fluids, which is in accordance with previous results in serum and 415 

plasma. Also, the levels of fatty acids such as palmitic, arachidonic, oleic and stearic acids were 416 
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altered in fluids from LC patients, as a consequence of proliferating tumor cells that use long 417 

chain fatty acids for membrane assembly and energy production. In addition, energy-related 418 

molecules were altered, such as sugars, and precursors as glycerol. At last, decreased levels of 419 

inositol, a component of cell membranes required by human cells for growth, were also 420 

observed in the three fluids from LC patients. 421 
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 527 

Figure  Captions 528 

Figure 1. PLS-DA score plots from a) serum b) urine and c) BALF from LC patients (red points) 529 

and controls, HC for serum and urine samples, or NCC for BALF samples ( black points).  530 

Figure 2. a) Chromatrogram of urine samples from LC patients without urease treatment, b) 531 

Chromatrogram of urine samples from LC patients with urease treatment. 532 

Figure 3. Euler diagram of altered metabolites in LC from serum, urine and BALF samples. 533 

Figure 4. Overview of the most important metabolomic changes observed in serum, urine and 534 

BALF from LC patients. a: Glycine, serine and threonine metabolism, b: Alanine, aspartate and 535 

glutamate, c: Inositol phosphate metabolism, d: Arginine and proline metabolism, e: Cysteine 536 

and methionine metabolism, f: TCA cycle, g: Galactose metabolism, h: Pyruvate metabolism. P 537 

value is the p calculated from the enrichment analysis and Impact is the pathway impact value 538 

calculated from pathway topology analysis. 539 

Figure 5. Scheme of the most altered metabolic pathways in LC determined in the pathway 540 

analysis. 541 
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