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GC-MS metabolomics identifies novel biomarkers to distinguish
tuberculosis pleural effusion from malignant pleural effusion
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Abstract
Background: Tuberculous pleural effusions (TBPEs) and malignant pleural effusions

(MPEs) are two of the most common and severe forms of exudative effusions. Clinical
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Methods: 17 TBPE and 17 MPE patients were enrolled according to the inclusion criteria.
The normalization gas chromatography-mass spectrometry (GC-MS) data were imported
into the SIMCA-P + 14.1 software for multivariate analysis. The principal component analy-
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to analyze the data, and the top 50 metabolites of variable importance projection (VIP) were
obtained. Metabolites were qualitatively analyzed using the National Institute of Standards
and Technology (NIST) databases. Pathway analysis was performed by MetaboAnalyst 4.0.
The detection of biochemical indexes such as urea and free fatty acids in these pleural effu-
sions was also verified, and significant differences were found between these two groups.
Results: 1319 metabolites were screened by non-targeted metabonomics of GC-MS.
9 small molecules (urea, L-5-oxoproline, L-valine, DL-ornithine, glycine, L-cystine, citric
acid, stearic acid, and oleamide) were found to be significantly different (p < 0.05 for
all). In OPLS-DA, 9 variables were considered significant for biological interpretation
(VIP=1). However, after the ROC curve was performed, it was found that the metabo-
lites with better diagnostic value were stearic acid, L-cystine, citric acid, free fatty
acid, and creatinine (AUC > 0.8), with good sensitivity and specificity.

Conclusion: Stearic acid, L-cystine, and citric acid may be potential biomarkers, which
can be used to distinguish between the TBPE and the MPE.
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1 | INTRODUCTION

ensure the appropriate treatment therapy. Pleural effusions may be
classified into transudates or exudates based on the mechanism of

Pleural effusions (PEs) arise from a variety of systemic, inflammatory, fluid formation. If the patient has a transudative effusion, the sys-

infectious, and malignant conditions.! When a pleural effusion is con- temic abnormality can be treated and no attention needs to be di-

sidered, efforts should be made to find the cause of the effusion to verted to the pleura. Alternatively, if an exudative effusion is present
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investigations need to be directed toward the pleura to find out the
cause of the local problem.?

For instance, in China, more than 833 patients with undiagnosed
pleural effusions successfully underwent medical thoracoscopy. The
study indicated that 40.0% of patients receiving medical thoracoscopy
have been confirmed as TBPE, which is much higher than many other
countries. Furthermore, the most common undiagnosed pleural effu-
sions are malignant or tuberculous pleural effusions in China.® So, in this
article, an approach to distinguish TBPEs from MPEs is demonstrated.

Tuberculosis (TB) is a major public health problem in developing
countries. TB as the leading cause of deaths has surpassed HIV/AIDS
due to an infectious disease.* Tuberculous pleuritis (TBP) ranks among
the most common forms of extrapulmonary tuberculosis and the most
frequent causes of PE.> However, if a patient has tuberculous pleuritis, it
is important to establish the diagnosis in case of nonstandard treatment,
which may lead to a high likelihood of subsequently developing pulmo-
nary or extrapulmonary tuberculosis.® Tuberculous pleuritis is widely
known to represent primarily a hypersensitivity reaction to tuberculous
protein, while the bacillary burden in the pleural space is low.%” For this
reason, microbiological analyses are often negative. The diagnosis of
TBP is established by showing a pleural effusion ADA level more than
40 1U/L in a lymphocytic pleural effusion.! In equivocal cases, needle bi-
opsy or thoracoscopy may be necessary to support the diagnosis. Pleural
biopsy is a fast and key method, with high diagnostic efficacy. However,
the procedure is invasive and technically difficult.® The World Health
Organization (WHO) guidelines recommend the use of the tuberculin
skin test (TST) and the interferon release assays (IGRAs) as screening
tests. The existing screening tests are indirect methods that only provide
immunological evidence of host sensitization to Mycobacterium tuber-
culosis antigens, cannot differentiate accurately between latent tuber-
culosis infection (LTBI) and active TB, or provide evidence regarding the
stage and potential progression from infection to disease.” However,
commercial IGRAs, performed on either whole-blood or pleural fluid
samples, have poor diagnostic accuracy in patients suspected to have
TBPE.'° The Xpert MTB/RIF (Cepheid), a new technology recently en-
dorsed by the WHO, provides high sensitivity for the detection of TB
and drug resistance.’* However, the added value of Xpert MTB/RIF to
diagnose pleural or peritoneal TB is limited by its poor sensitivity.!?*®
Therefore, novel and accurate diagnostic strategies are great challenging
and in urgent need for early diagnosis of TBPE.

Malignant pleural effusion (MPE) is a common complication of
lung cancer, which is the leading cause of cancer mortality in many

countries.**'® MPE is an exudate in 95% of cases'”18

and commonly
lymphocytic.}”?° It has also been well documented that tuberculosis
and cancer represent the two most frequent causes of exudative PE.
TBPEs and MPEs are all predominantly lymphocytic and similar in
results of biochemistry and routine examination.?%?! Moreover, the
different PEs can cause similar clinical manifestations. Therefore,
the diagnosis of PE is the key for the therapeutic strategies.

In this study, we investigated the patients with TBPEs or MPEs
by gas chromatography-mass spectrometry (GC-MS) in China. As a
classic chromatographic technique, GC-MS offers strong separation
ability, high sensitivity, large peak capacity, excellent repeatability,

and stable retention time, which make it an excellent method for
identification of biological or pathological variations that occurs in
human diseases. This study aimed to explore the metabolic product
difference between TBPEs and MPEs in order to find potential mark-
ers, which can differentiate cases of TBPEs from MPEs.

2 | MATERIALS AND METHODS

2.1 | Materials

Methanol (HPLC grade), pyridine, methoxyamine hydrochloride,
and N-methyl-N-(trimethylsilyl)trifluoroacetamide with 1% tri-
methylchlorosilane (MSTFA with 1% TMCS) were purchased from
Sigma-Aldrich. Distilled water was filtered using a Milli-Q System
(Millipore).

2.2 | Study subjects
The study was carried out in Affiliated Hangzhou Chest Hospital,
Zhejiang University School of Medicine from October 2017 to May
2018. All the enrolled patients signed the informed contents. The
study was approved by the Ethics Committee of the Hospital.

TPE 2122,

1. Acid-fast bacilli positive or find Mycobacterium tuberculosis
(MTB) in PE sample;

2. Find granulomatous pleurisy on pleural biopsy specimen;

3. PPD skin test positive combined with laboratory examination;

4. Diagnostic antituberculosis treatment is effective.

MPE 2%23: find malignant cells in PE and/or on closed pleural bi-
opsy specimen. (In our study, all the MPEs are secondary to metas-
tases to the pleura from lung).

The malignant and tuberculous pleurisy groups were confirmed
pathologic diagnosis based on pleural biopsy or thoracoscopy, which
was established by two different pathologists at least. The patients en-
rolled are all verified through chest ultrasonic examinations, and all clin-
ical records were available. The patients who had a coexisting systemic
disease, immunodeficiency, autoimmune disease, or hemothorax would
be excluded from the current investigation. Pleural fluid samples were
obtained from these patients. Patients’ information details are shown in
Table 1. Finally, a total of 34 eligible patients were included in our study.

Pleural fluid samples were centrifuged at 1000 g for 10 min at

4°C. The supernatant was stored in cryovial and kept at -80°C.
2.3 | Pleural fluid sample preparation and GC-
MS analysis

The pleural fluid samples were chemically derivatized and then
analyzed by GC-MS.242% The sample processing diagram is shown
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TABLE 1 The participants and pleural

fluid characteristics in the two groups Baseline

Age (years)

Gender (male/female)
Fever (Y/N)

ADA (U/L)

TP (g/L)

Glu (mmol/L)

AFP (U/L)

CEA (ug/L)

CA125 (U/L)

CA153 (U/L)

WILEY- 2™

TBPE (n = 17) MPE (n = 17) p-value
48.88 +18.12 75.29 +12.6 0.06
13/4 11/6 0.47
6/11 1/16 0.12
20.64 + 19.25 8.35+5.80 <0.01
46.03 +8.81 45.02+12.13 0.24
711214 5.57+£2.92 0.72
1.23+0.64 4.30+12.43 0.08
1.86 +1.37 296.3 +481.17 0.00
577.36 +515.17 2347.65 £ 2763.77 0.00
12.19 £ 6.12 183.01 £+ 240.54 0.00

Notes:: A 2-sample analysis of t test was used for the group comparison, p < 0.05. The exact test
was used for categorical data. Data are shown as mean +SD or ratios.

in Figure 1. 2.0 pL solution was injected in splitless mode into the
system after derivatization. The system was an Agilent 7693 Series
Autosampler (Agilent Technologies) and an Agilent 7890A GC System
equipped with a fused silica capillary column (30 m x 0.25 mm
i.d.) chemically bonded to a 0.25 m HP-5MS stationary phase

200uL pleural effusion
(freeze thawing, 4°C)

/ Vortexed for 60s

900 1 L Methanol/ water (8:1, v/v)

. X,
ultrasonically for 15min Conteifiiged, 1000032
10min, 4C
200uL supernatant

nitrogen blow dry \ at room temperature

50uL methoxyamine
Pyridine solution(15mg/mL)
Placed [, 16h at room temperature

100uL MSTFA with 1% TMCS

Vortexed for Smin, Centrifuged,

Placed 1h at room temperature L
10000 X g,10min, 4°C

supernatant in 100uL conical
insert in 2ml glass vial

v

2uL derivatised solution
injected into GC/MS

FIGURE 1 Sample processing (methanol/ water: precipitate
the protein; methoxyamine and pyridine solution: chemical
derivatization of the PE metabolite; MSTFA with 1% TMCS:
catalyst)

(Phenomenex). The carrier gas helium was used with a constant flow
rate of 1.0 mL/min. The injection, ion source, and quadrupole tem-
peratures were 270°C, 230°C, and 150°C, respectively. Optimized
conditions are as follows: The initial column temperature was held
at 70°C for 5 min and then ramped at a rate of 15°C/min to 280°C,
and maintained for 9 min. The column effluent was introduced into
the ion source of an Agilent 5975C Mass Selective Detector (Agilent
Technologies). Masses were acquired from m/z 60 to 800.

2.4 | Dataprocessing

Each sample generated a total ion current (TIC). These GC/MS data
were analyzed using the “R” software. Sample information, ion intensi-
ties, m/z values, and potential markers based on retention time (RT)
were obtained after processing. The processed data were multivariate-
analyzed by SIMCA-P + 14.1 (Umetrics). An unsupervised PCA as-
sessed the stability and reproducibility of the data. A supervised
OPLS-DA was performed to maximize the separation of the groups
and generated the general metabolomic trend of pleural fluid. The S
plots and variable importance projection (VIP) values derived from
OPLS-DA were used to select potential biomarkers. In general, param-
eters with VIP >1 could have an important influence on inter-group
separation. The metabolites were identified by comparing the standard
mass fragments in the National Institute of Standards and Technology
(NIST) mass spectra library based on >70% similarity index.2® In addi-
tion, MetaboAnalyst 4.0 was used to recognize significant pathways of
altered metabolites, which incorporate powerful pathway enrichment

analysis and pathway topology analysis.

2.5 | Statistical analysis

At test was implemented to compare the relative number (peak area)
of identified metabolites between TBPE and MPE patients with SPSS
software 21.0 (SPSS, Inc.). Data are expressed as meantstandard de-
viation (SD). p < 0.05 was considered to be statistically significant.
The diagnostic significance of the metabolites in discriminating the
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TBPE patients from the MPE patients was evaluated by an area
under the receiver operating characteristic (ROC) curve (AUC), sen-

sitivity, and specificity.

3 | RESULTS
3.1 | Clinical manifestations and clinical
characteristics of the PEs

In our study, pleural TB affects mainly younger adults (mean
age = 48 years), and those cases may be in the primary stage of
the disease. Pleural TB mainly affects male with an overall male-to-

female ratio of 1.2:1. TBPE most commonly manifests as an acute

x107 +TIC Abundance

s.d(A)

or subacute illness causing fever, cough, and pleuritic chest pain in
more than 54.6% of patients. Other symptoms include night sweats,
weight loss, malaise, and dyspnea varying in severity according to
the effusion's size. As a general rule, an acute illness is more likely
to occur in younger patients who are more immunocompetent.” In
contrast, the mean MPEs’ age at presentation is 75 years. Dyspnea
is the commonest symptom. Patients may also have cough, chest
pain, and constitutional symptoms such as weight loss, malaise, and
anorexia. Symptoms of the underlying malignancy may also be pre-
sented, such as hemoptysis, change in bowel habit, or passage of
blood per rectum.?”

Table 1 displays clinical data from study patients on the basis
of the two types of pleural effusions. Significant differences were

observed in all parameters between the two groups.
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FIGURE 2 (A) Six representative GC-MS TIC chromatograms of the same sample; (B) the PCA score plot; QC samples showed tight
clustering, suggesting the GC-MS system to be highly reproducible. (C) The OPLS-DA score plot (R2X (cum) = 0.838, R2Y (cum) = 0.996,
Q2 (cum) = 0.303); (D) S plot constructed from the OPLS-DA model. The identified metabolites (red triangles) are farthest from the origin.
These metabolites were considered as potential biomarkers and showed marked discrimination of the groups. (E) A permutation test was
performed to validate the OPLS-DA model (R2 = 0. 462, Q2 = -0.446)



LIU ET AL.

WILEY-L2°"™

TABLE 2 Changesin PE levels of 9 key metabolites identified by GC-MS

NO. RT MZ VIP Match percent (%)
1 514 147.1 9.6531 92.3

2 690 156.1 4.01162 80.7

3 485 1441 3.69541 84

4 859 142.1 2.90595 82.2

5 549 1741 2.7901 72.8

6 1086 148.1 2.35037 92.6

7 862 273.1 2.14305 95.3

8 1054 203.1 6.8557 83.7

9 1130 131.1 5.17474 95.4

Metabolites Correlation Trend p-value
Urea -0.194641 N 0.020
L-5-Oxoproline -0.137734 d 0.017
L-Valine -0.124897 N 0.012
DL-Ornithine -0.0947709 & 0.029
Glycine -0.0959028 N 0.046
L-Cystine -0.0812039 [’ 0.002
Citric acid -0.0709359 N 0.003
Stearic acid 0.234721 T 0.000
Oleamide 0.0895687 T 0.037

Abbreviation: RT, retention time; MZ, mass-to-charge ratio; VIP, variable importance projection; Match percent (%), metabolites and the matching
value resulting from the NIST database comparison; Trend: | descend compared with the MPE; Tincreased compared with the MPE. VIP >1, variables
for the differences in two groups of metabolites; p < 0.05, for the difference between the two groups that have statistical significance.

3.2 | Multivariate analysis of GC-MS data

As shown in Figure 2A, six representative GC-MS TIC chromato-
grams of the same sample showed slight overlaps. The peaks did not
exhibit any obvious drift and retention times were stable, which indi-
cated the repeatability and the reliability of measurements.

An extract of each 10 pL sample was prepared as a quality con-
trol (QC) sample. The QC samples were disposed and tested in the
same manner as the analytic samples. To assess the repeatability of
the analysis, the QC samples were injected at regular intervals (every
5 samples). The normalization GC-MS data were imported into the
SIMCA-P + 14.1 software for multivariate analysis. 1319 metabolites
were screened by non-targeted metabonomics of GC-MS.

To better visualize the subtle similarities and differences among
the complex datasets, principal component analyses (PCAs) and
orthogonal partial least-squares discriminant analyses (OPLS-DAs)
were performed. PCA displays the internal structure of datasets
in an unprejudiced manner and compresses multidimensional data
into several major components. In the PCA score plot, each data
point represents one sample, and the distance between points on
the score plot is an indication of the similarity between samples.
Examination of the PCA score plots (Figure 2B) provided unsatisfac-
tory separation of data between TBPE and MPE patients. To obtain
a higher level of group separation and obtain a better understanding
of the variables responsible for classification, supervised OPLS-DA
was performed (Figure 2C and D). Subsequently, the parameters for
the classification according to the software were R2Y = 0.738 and
Q2Y = 0.486, which were stable with good fit and predictive abil-
ity. Sevenfold cross-validation was used to estimate the robustness
and the predictive ability of our model, and such a permutation test
was performed to further validate the model. No overfitting was ob-
served according to the results of the two hundred random permu-
tations, and the R2 and Q2 intercept values were 0. 462 and -0.446,
respectively (Figure 2F). As shown in the OPLS-DA score plot, TBPEs
were clearly separated from MPEs (Figure 2C), indicating that TBPEs
and MPEs had significantly different metabolic profiles.

Potential biomarkers of TBPE and MPE were acquired from the
OPLS-DA model according to a VIP value of >1 and p < 0.05. Potential
biomarkers are shown in the S plot of Figure 2E, and the variables
were considered as the greatest potential biomarkers located in the
upper far right and lower far left. They played an important role in
separating groups and correlations. 24 potential biomarkers with a
VIP >1 were selected. The 24 metabolites that contributed to the
discrimination were identified.

Only 9 of the 24 discriminant metabolites detected were prop-
erly identified by comparing their retention time and the standard
mass fragments with those available in the NIST mass spectra li-
brary. Nine metabolites had 70% mass spectral similarity with com-
pounds in the NIST library. Those substances with less than 70%
similarity index were considered unidentified.?® The retention time,
match percent, and correlation compared with the control are listed
in Table 2.

Both PCA and heat map can be used to estimate whether pre-
defined groups form separate or overlapping clusters.?® Let us look
at a dataset about metabolic profiles of TBPE and MPE samples.
From the heat map, we can see the average changes of 9 metabo-
lites in the two groups (Figure 3). The different levels of metabolites
were quantified by measuring the peak area after normalization.
Compared with MPE, the TBPE patients had lower levels of urea,
L-5-oxoproline, L-valine, DL-ornithine, glycine, L-cystine, and citric
acid. In contrast, the levels of stearic acid and oleamide were signifi-
cantly higher in TBPEs (Figure 3 and Table 2).

3.3 | Pathway analysis

The path analysis could identify the most relevant path in the re-
search condition using MetaboAnalyst 4.0 2627 (https://www.metab
oanalyst.ca/MetaboAnalyst/). The identified substances participate
in various biological processes, including glycine, serine, and threo-
nine metabolism; citrate cycle (TCA cycle); arginine and proline me-

tabolism; valine, leucine, and isoleucine biosynthesis; and cysteine
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FIGURE 4 Pathway analysis of
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and methionine metabolism (Figure 4). However, all the pathways
either showed borderline significant differences or did not reach
the significance level (p = 0.072, 0.097, 0.166, 0.254, and 0.191, re-
spectively). The metabolic pathways are distributed in the human
(Figure 5).

3.4 | Biochemical analysis verification

The body breaks down proteins and amino acids to form nitrogen-
containing compounds that are converted into urea in the liver. And
nitrogenous waste is toxic. Urea nitrogen refers to the content of N
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FIGURE 5 The metabolic pathways

pathways are included glycine, serine,
and threonine metabolism; cysteine and
methionine metabolism; valine, leucine,
and isoleucine biosynthesis; fatty acid
metabolism; the tricarboxylic acid
(TCA) cycle; urea cycle; and glutathione
metabolism. Black italic, significantly
decreased; red italic, significantly
increased
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in urea molecular amino group. The results showed that there were

statistical differences (Table 3).

3.5 | Diagnostic value of concentrations of the
metabolites for discriminating TBPE and MPE patients.

Finally, based on ROC curves, we evaluated the diagnostic signifi-
cance of the metabolites for distinguishing TBPE from MPE. The
AUCs of stearicacid, L-cystine, citricacid, urea, L-valine, DL-ornithine,
and L-5-oxoproline were 0.855, 0.827, 0.848, 0.747, 0.734, 0.706,

TABLE 3 Biochemical detection data of substances in pleural
effusion

Baseline TPE (n=17) MPE (n = 17) p-value

Uric acid (pmol/L) 205.75 £+ 75.56 285.05+71.93 0.004

Creatinine (pmol/L) 65.79 + 13.82 95.85+29.08 0.001

Urea nitrogen 3.91+1.31 6.21+2.21 0.001
(mmol/L)

Free fatty acid 99.5 + 36.94 167.23+54.62 0

(mmol/L)

Notes:: A 2-sample analysis of t test was used for the group comparison,
p < 0.05. The exact test was used for categorical data. Data are shown
as mean %SD or ratios.

. >>Citrulline \‘

\

q Ornithine Urea cycle Arginino-succinate

Urea\>‘ Arginine /

and 0.709, respectively (Figure 6A and B, Tables 4 and 5). There was
no significant difference in diagnostic value between oleamide and
glycine, and the p-values were 0.06 and 0.07, respectively. With an
optimal calculated free fatty acid threshold of 103 mmol/L, the AUC
was 0.881, with a sensitivity and specificity of 94% and 77%, re-
spectively. With creatinine threshold of 70.75 mmol/L, the AUC was
0.860, with a sensitivity and specificity of 88% and 71%, respec-
tively (Figure 6C, Table 6).

4 | DISCUSSION

In clinical practice, TBPEs and MPEs are the two frequent exudative
PE.3° TBPE is one of the most common forms of extrapulmonary
tuberculosis. Differential diagnosis of TPE from PE with the other
etiologies, especially MPE, is always a diagnostic challenge.

The present study focused on the small molecular profile using
a GC-MS measurement, and the differences in the signal intensities
of the small molecules between tuberculosis and malignancy pleural
effusions were observed. In the current study, a total of nine small
molecules were found to be significantly different between the two
effusions (p < 0.05 for all), especially urea, stearic acid, and oleam-
ide (Figure 3). In OPLS-DA, nine variables (urea, L-5-oxoproline, L-
valine, DL-ornithine, glycine, L-cystine, citric acid, stearic acid, and
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FIGURE 6 ROC curves of pleural effusion concentrations of
stearic acid, oleamide, urea, L-5-oxoproline, L-valine, DL-ornithine,
glycine, L-cystine, citric acid, uric acid, creatinine, urea nitrogen, and
free fatty acid for discriminating TPE patients from MPE patients.

(A) ROC curves of pleural effusion concentrations of stearic acid and
oleamide. (B) ROC curves of pleural effusion concentrations of urea,
L-5-oxoproline, L-valine, DL-ornithine, glycine, L-cystine, and citric
acid. (C) ROC curves of pleural effusion concentrations of uric acid,
creatinine, urea nitrogen, and free fatty acid. Note: A used TPE as cases
and MPE as controls. B and C used MPE as cases and TPE as controls

oleamide) were considered significant for biological interpretation
(VIP=1), especially urea, stearic acid, and oleamide.

The difference in signal pathway analysis of metabolites was not
obvious. This may suggest that there are some similarities between
tuberculous and malignant pleural effusion in the development of
the disease. Both diseases consume a lot of energy and nutrients.
Except for urea metabolism and stearic acid and oleamide metabo-
lism, there are great differences.

Urea and ornithine were the products of urea cycle (UC). The
complete UC took place in the liver. Hepatocytes process toxic am-
monia produced upon the metabolism of proteins and amino acids
through a series of biochemical reactions that yield urea, a dispos-
able by-product that was excreted in the urine. Mounting evidence
suggests that UC intermediates were shunted to anabolic routes in
cancer. Multiple types of tumors exhibit altered expression levels in
UC components, which was associated with reduced generation of
nitrogen waste and increased redirection of carbon and nitrogen to
biosynthetic routes. Indeed, the tight crosstalk of the UC with other
metabolic routes implied that aberrant expression in nearly every
enzyme within this cycle was potentially capable of redirecting UC
metabolites to support tumor growth. In turn, the UC provides an ex-
cellent example of an emerging feature of cancer cells: the context-
dependent metabolic flexibility that enables optimal use of metabolic
resources, maximizing biosynthesis and economizing carbon and
nitrogen waste.3! In the study, the signal intensity of both urea
and ornithine in MPEs was significantly higher than that in TBPEs,
suggesting some relations might exist between urea /ornithine and
tumor; however, further researches to clarify those relations are still
required. Furthermore, the detection results of urea nitrogen in pleu-
ral effusion showed a significant statistical difference.

Stearic acid with a carbon chain length of 18 markedly inhib-
ited the activity of chymase, which is the main protein in mast cell
granules. Furthermore, it was postulated to be important in the in-
flammatory reaction.®? As expected, a significant increase in signal
intensity of stearic acid was observed in the TBPEs.

Stearic acid played a pro-inflammatory role in a variety of cells
through Toll-like receptor 4.3 The accumulation of stearic acid in
macrophages could induce the expression of inflammatory fac-
tors mediated by Toll-like receptor 4, which leads to endoplasmic
reticulum stress-mediated apoptosis.>* Stearic acid could induce
the expression of CD11c on macrophages through epidermal fatty
acid-binding protein, thus promoting the antigen presentation and

inflammatory cytokine release of macrophages.35
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TABLE 4 Diagnostic significance of

WILEY-L2°"™

. N s )
pleural effusion concentrations of stearic Variable Sensitivity (%) Specificity (%) Cutoff value AUC p-value
acid and oleamide for discriminating TPE Stearic acid 71 100 20594042 0.855 0
patients from MPE patients Oleamide 71 71 25977351.5 0.689 0.06'
Abbreviation: AUC, area under the curve.
*Represents a p-value less than 0.05.
TABLE 5 Diagnostic significance of
. & g . Variable Sensitivity (%)  Specificity (%) Cutoff value AUC p-value
pleural effusion concentrations of urea,
L-5-oxoproline, L-valine, DL-ornithine, Urea 0.59 0.94 3908473.500 747 0.014
glycine, L-cystine, and citric acid for L-Valine 0.82 0.65 7246403.610 734 0.020°
discriminating TPE patients from MPE o .
patients DL-Ornithine 0.82 0.65 1785036.100 .706 0.040
L-Cystine 0.82 0.88 1142841.160 .827 0.001"
Citric acid 0.82 0.88 1014795.520 .848 0.001"
L-5-Oxoproline 0.47 0.94 7847607.200 .709 0.037°
Glycine 0.94 0.35 4774336.520 .682 0.071

Abbreviation: AUC, area under the curve.

*Represents a p-value less than 0.05.

Oleamide was an endogenous fatty acid amide.®® It had been
found that oleamide was activated by inhibiting nuclear transcrip-
tion factor (NF-x B) in mouse microglia. Activated oleamide could
inhibit the expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) induced by lipopolysaccharide (LPS),
and then inhibit the release of pro-inflammatory mediators NO and
prostaglandin E2.%” Oleamide inhibited the release of inflammatory
mediators and pro-inflammatory cytokines induced by LPS by inhib-
iting the mitogen-activated protein kinase (MAPK) signaling pathway
and NF-kB signaling pathway in macrophages.38 This was consistent
with the inflammatory reaction of tuberculosis pleural effusion.
Moreover, the detection results of free fatty acids in pleural effusion
showed that there was a significant statistical difference.

Pathway analysis using MetaboAnalyst 4.0 was an extension
of the metabolite set enrichment analysis with extra procedures to
calculate the impact on the pathways based on network topology
analysis. However, all the metabolic pathways showed no reach the
significance level. The results might indicate that there were some
similarities in metabolism between TBPE and MPE.

Abundant evidence also indicates the metabolites not only par-
ticipates in the pathogenesis of TBPE and MPE, but also can be a

TABLE 6 Diagnostic significance of pleural effusion
concentrations of uric acid, creatinine, urea nitrogen, and free fatty
acid for discriminating TPE patients from MPE patients

Sensitivity  Specificity Cutoff
Variable (%) (%) value AUC  p-value
Cr 0.88 0.71 70.75 .860 0.000°
BUN 0.65 0.94 577 792  0.004
FFA 0.94 0.77 103 .881 0.000°
UA 1 0.47 175.5 747  0.014

Abbreviations: AUC, area under the curve; BUN, blood urea nitrogen;
Cr, creatinine; FFA, free fatty acid; UA, uric acid.

*Represents a p-value less than 0.05.

complementary tool to distinguish between the TBPE and MPE, ex-
cept oleamide and glycine. We also measured uric acid, creatinine,
urea nitrogen, and free fatty acid as some of the metabolic pathway
products and consistently found significant differentiation in TBPE
patients from MPE patients.

41 | Limitations of the study
To the best of our knowledge, many differential variables between
patients with TBPE and MPE have yet to be identified, and their
identification may have been limited by the sample size and single
metabolomic technology platform used in this study. Further inves-
tigations consisting of larger sample sizes and a combination of mul-
tiple analytical platforms are warranted to validate our results.

The difference in stearic acid, L-cystine, and citric acid is more
obvious between TBPEs and MPEs. The biochemical indexes in pleu-
ral effusion verified that there were significant differences in urea

and free fatty acids between the two groups.

5 | CONCLUSION

The present GC/MS-based metabonomic approach focused on the
small molecules provided a rapid and sensitive method to differ-
entiate TBPEs from MPEs. A combination of the small molecules is
performed as novel biomarkers in the effusions such as stearic acid,
L-cystine, and citric acid to discriminate the TBPEs from MPEs. The
results that revealed simultaneous detection of changes in multi-
ple metabolites using GC-MS exerted a significant advantage over
conventional clinical examinations. Now, the further comparison
of larger clinical samples to determine the real applicability of the
current GC/MS-based metabonomic approach is undergoing in our
laboratory.
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