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Abstract
Background  Individuals with sepsis exhibited a higher likelihood of benefiting from early initiation of specialized 
treatment to enhance the prognosis of the condition. The objective of this study is to identify potential biomarkers of 
sepsis by means of serum metabolomics.

Materials and methods  The screening of putative biomarkers of sepsis was conducted using serum samples from 
patients with sepsis and a control group of healthy individuals. The pathogenesis of sepsis was determined through 
the utilization of liquid chromatography-mass spectrometry-based metabolic profiles and bioinformatic techniques, 
which in turn provided a foundation for timely diagnosis and intervention.

Results  Individuals with sepsis had significantly different metabolic characteristics compared to those with normal 
health. The concentrations of phosphatidylcholines (PCs), phosphatidylserine (PS), lysophosphatidylethanolamine 
(LysoPEs), and lysophosphatidylcholine (LysoPCs) exhibited a decrease, while the levels of creatinine, C17-
Sphinganine, and PS(22:0/22:1(11Z)) demonstrated an increase in the serum of sepsis patients when compared to 
the control group. Additionally, ROC curves were generated to assess the discriminatory ability of the differentially 
expressed metabolites. The area under the ROC curve for PS (22:0/22:1(11Z)) and C17-Sphinganine were determined 
to be 0.976 and 0.913, respectively. These metabolites may potentially serve as diagnostic markers for sepsis. 
Additionally, the pathogenesis of sepsis is associated with mTOR signaling, NF-κB signaling pathway, calcium 
signaling, calcium transport, and tRNA charging pathway.

Conclusion  The identification of differential expression of these metabolites in sepsis serum samples could aid in the 
timely diagnosis and intervention of sepsis, as well as enhance our understanding of its pathogenesis.
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Background
Sepsis is a clinical syndrome characterized by physiologi-
cal and organ dysfunction resulting from an impaired 
inflammatory response to infection [1]. The worldwide 
prevalence of sepsis and severe sepsis is reported to be 
4370 per million and 2700 per million, respectively, with 
an annual mortality rate of 5.3 million [2]. It is notewor-
thy that sepsis is the leading cause of death among hos-
pitalized patients on a global scale. Timely diagnosis 
is imperative for the effective management of sepsis, as 
initiating prompt treatment is crucial in reducing mor-
tality associated with severe sepsis. The timely initiation 
of specific and appropriate treatment has the potential 
to enhance the prognosis of sepsis through early diag-
nosis and patient stratification. Nevertheless, the deter-
mination of sepsis severity during the initial stages can 
pose challenges [3]. Currently, there is a lack of sepsis 
biomarkers that exhibit sufficient specificity or sensitiv-
ity [4]. Employing a combination of multiple biomarkers 
proves to be more effective than relying on a single mol-
ecule, thereby offering potential for optimizing the diag-
nosis and treatment of sepsis.

The application of liquid chromatography-mass spec-
trometry (LCMS) in metabonomic analysis has the capa-
bility to concurrently detect a substantial number of 
potential novel biomarkers in sepsis patients. The utiliza-
tion of this particular phenotype in subsequent studies 
holds promise as a valuable means for monitoring both 
the efficacy of therapeutic interventions and the progres-
sion of the disease [5].

In our study, the application of LCMS/MS-based meta-
bonomics was employed to examine the metabolic pro-
files in serum samples obtained from both sepsis patients 
and a healthy control group. The primary objective was 
to identify potential metabolic biomarkers associated 
with sepsis. Additionally, bioinformatic methodologies 
were utilized to analyze the identified biomarkers, aim-
ing to elucidate the underlying pathogenesis of sepsis and 
enable timely diagnosis and intervention based on this 
valuable information.

Materials and methods
Study design and study population
The study protocol was approved by the Ethics Com-
mittee of Ganzhou Hospital, Nanchang University. 
Informed consent was obtained from all participants. 
Inclusion criteria were: adult patients aged 48–82 diag-
nosed with sepsis based on the 2001 consensus criteria; 
no history of cardiopulmonary resuscitation (CPR), sur-
gery, pregnancy, or chronic kidney disease. Exclusion 
criteria were: parenteral nutrition within 48 h of admis-
sion; preexisting diabetes, metabolic disorders, chronic 
liver disease, AIDS, or decreased polymorphonuclear 
cells. Healthy controls had no acute or chronic illnesses, 

hospitalizations, or medications in the preceding 6 
months, and had normal physical and lab examinations.

Serum samples were collected from sepsis patients 
within 24 h of ICU admission before treatment, and from 
fasting healthy controls in the morning. Drawn blood 
was immediately placed on ice, centrifuged at 3500 rpm 
for 5 min after 1 h, then 100 µL serum was mixed with 
300 µL methanol, vortexed for 2 min and centrifuged at 
12,000 rpm for 15 min. The resulting 200 µL supernatant 
was used for LC-MS/MS detection.

LC-MS/MS data acquisition
In this experiment, chromatographic separation was 
performed using an ACQUITY UPLC HSS T3 col-
umn (2.1 × 100 mm I.D., 1.8 μm, Waters, USA). The col-
umn was maintained at a temperature of 35  °C, and the 
mobile phases consisted of water (Phase A) and acetoni-
trile (Phase B) with the addition of 0.1% formic acid. The 
gradient program involved the application of a 5% solu-
tion of Phase B for the first 3  min, followed by a linear 
increase from 5 to 95% solution B over the next 12 min 
(3–15 min), and then maintaining the 95% solution B for 
an additional 2 min (15–17 min). A 5-minute post-treat-
ment period was conducted with a flow rate of 350 µL/
min. The sample injection volume was approximately 2 
µL.

The data in this study were collected using Agilent 
1290 LC and 6538 Q-TOF mass spectrometers, employ-
ing electrospray ionization in both positive and negative 
ionization modes. The drying gas N2 was delivered at a 
rate of 9  L/min, while the temperature was maintained 
at 360  °C. The nebulizer pressure was set at 39 psi, and 
the capillary voltage was adjusted to 4000 V and 3900 V 
for positive and negative ionization modes, respectively. 
The scan range for the mass spectra was set from 50 to 
1000 m/z. To ensure accuracy and reproducibility, a ref-
erence solution was utilized for real-time correction of 
the mass spectra, with the lock mass (m/z 922.009798, 
121.050873) serving as a reference point.

Statistical analysis
The mass data matrix was generated using the Agilent 
Mass Hunter Quant B.07.00 software (Agilent Technol-
ogies Inc., Santa Clara, CA, USA) and the XCMS pack-
age in the R platform. This matrix encompassed the m/z, 
retention time, and peak area values for all ions. The peak 
area of each metabolite in each sample was normalized 
by the sum of the total peak areas in that sample. Prior to 
conducting multivariate statistical analysis, the data were 
standardized to unit variance and centered using Simca-
p software 13.0. The datasets underwent Principal Com-
ponent Analysis (PCA) and Orthogonal Partial Least 
Squares Discriminant Analysis (OPLS-DA) analysis. To 
assess the risk of overfitting, the OPLS-DA models were 
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subjected to a permutation test. Additionally, potential 
biomarkers were identified by comparing the fragment 
ion and molecular weight information using metabolo-
mic databases (METLIN, https://metlin.scripps.edu/; 
HMDB, http://www.hmdb.ca/), specifically focusing on 
ions with a Variable Importance in Projection (VIP) score 
greater than 1 and a p-value less than 0.05. Bioinformatic 
analysis was conducted to perform multiple testing of 
univariate data analysis. Furthermore, the retention time 
was compared to a reference to validate the metabolite 
structure. Receiver operating characteristic (ROC) curve 
analyses were employed to evaluate the diagnostic per-
formance of the differential metabolites using the Bio-
marker analysis module implemented in Metaboanalyst 
5.0 [6] by upload the expression of metabolites (http://
www.metaboanalyst.ca). AUC was calculated from ROC 
analysis.

Bioinformatics analysis
The changed metabolites were entered into Metabo-
Analyst 5.0 using their HMDB IDs for pathway analy-
sis. Information from Kyoto encyclopaedia of genes and 
genomes (KEGG) [7–9]and human metabolome data-
base (HMDB) for metabolic pathway analysis was used. 
Pathway analysis with metabolite expression data was 
evaluated for statistical significance using the hypergeo-
metric test and pathway topology was analyzed based on 
the relative-betweenness centrality. A pathway with an 
impact factor > 0.1 was considered an important pathway. 

Functional and network analysis was done using Inge-
nuity Pathway Analysis (IPA; Ingenuity Systems, www.
ingenuity.com, Mountain View, CA) by uploaded the 
information of the changed metabolites, such as the 
HMMD ID, fold change and P value. Ingenuity pathway 
analysis is a web-based software application that enables 
to analyze and integrate data derived from metabolites 
into biological networks and pathways. All Ingenuity 
products leverage the Ingenuity Knowledge Base, which 
houses biological and chemical relationships extracted 
from the scientific literature.

Results
Clinical information of patients.

This study included a total of sixty participants from 
the Department of Emergency, the Affiliated Ganzhou 
Hospital of Nanchang University. Among these partici-
pants, thirty were classified as normal controls while the 
remaining thirty were diagnosed with sepsis. The general 
characteristics of the study participants are presented 
in Table  1. The findings indicate that the sepsis group 
exhibited significantly higher scores in body temperature, 
C-reactive protein (CRP), procalcitonin (PCT), blood 
urea nitrogen (BUN), SOFA, and APACHE II compared 
to the control group (p < 0.05).

Multivariate analysis
In Fig. 1, the PCA score plot displays the samples of sep-
sis and control. The positive model yielded two principal 
components with R2X = 0.57 and Q2 = 0.299, while the 
negative model also yielded two principal components 
with R2X = 0.568 and Q2 = 0.33. The tight clustering of 
the QC samples indicates the stability of the instrument. 
A variety of potential biomarkers from diverse groups 
were subjected to screening using OPLS-DA models. The 
OPLS-DA score plot (Fig. 2A, B) clearly demonstrates the 
ability to distinguish between the control group and the 
sepsis group. The OPLS-DA model generated a principal 
component and an orthogonal component. The positive 
model (R2X = 0.27, R2Y = 0.958, Q2 = 0.936) and negative 
model (R2X = 0.28, R2Y = 0.88, Q2 = 0.829) of the OPLS-
DA exhibited favorable accuracy and predictability, as 
depicted in Figs.  2A and B and 417 features (VIP > 1.0) 
based on positive and 356 features (VIP > 1.0) based on 
negative modes were used for OPLSDA modes, as shown 
in Fig. S1. To mitigate the risk of overfitting the OPLS-
DA model, cross-validation was performed using the 
default 7-fold procedure. Moreover, the permutation test 
outcomes of the OPLS-DA model indicate that the model 
has not suffered from overfitting, thereby suggesting 
its reliability (POS, intercepts: R2(0.0,0.408), Q2= (0.0, 
-0.284); NEG, intercepts: R2(0.0,0.341), Q2=(0.0,-0.28))
(Fig.  2C, D). To identify the endogenous metabolites, a 
combination of high-resolution mass spectrometry and 

Table 1  Demographics of the enrolled patients in this 
metabolomics pilot study
ID Characteristics Control, 

n = 30
Sepsis, 
n = 30

p

1 Age (years) 58 ± 10 60 ± 15 0.4
2 Gender 15/15 15/15 0.3
3 Temperature (°C) 37.1 ± 0.7 37.9 ± 0.9 0.01
4 WBC counts (×109/L) 7.26 ± 1.32 14.05 ± 7.36 0.02
5 Serum CRP (mg/L) 2.32 ± 1.21 11.54 ± 5.78 0.001
6 Serum PCT (ng/mL) 0.27 

(0.2–0.54)
2.28 
(0.6–7.12)

0.005

7 BUN (mmol/L) 5.02 ± 3.18 8.01 ± 3.21 0.005
8 Serum Creatinine 

(mmol/dL)
63.5 
(39.5–75.3)

79.5 
(55.5–140)

0.001

9 APACHE II score 11 ± 9 22 ± 7
10 SOFA score 9 ± 4
11 Pulmonary
12 Urinary 11 (31.4)
13 Bacteremia 9 (25.7)
14 Gram-positive bacteria 17 (48.6)
15 Gram-negative 

bacteria
34 (97.1)

16 Fungi 22 (62.90)
CRP, C-reactive protein; PCT, procalcitonin; BUN, blood urea nitrogen; SOFA, 
sequential organ failure assessment

https://metlin.scripps.edu/
http://www.hmdb.ca/
http://www.metaboanalyst.ca
http://www.metaboanalyst.ca
http://www.ingenuity.com
http://www.ingenuity.com
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multivariate analysis was employed. Subsequently, we 
proceeded to perform MS/MS structure analysis on the 
ions that exhibited significance (VIP > 1 and p < 0.05) 
in the OPLS model. Subsequently, the Metlin database 
(http://metlin.scripps.edu) and HMDB database (http://

www.hmdb.ca) were consulted to obtain the molecular 
mass data (m/z) and fragment ions of the aforementioned 
ions. Subsequently, the structure of the putative biomark-
ers was verified by comparing the retention time and MS/
MS fragment with the reference standards available in 

Fig. 2  The score of OPLS-DA analysis. (A) POS, sepsis group (labeled as D) and control group (labeled as C) (R2X = 0.275, R2Y = 0.959, Q2 = 0.935 in the 
positive mode); (B) NEG, sepsis group (labeled as D) and control group (labeled as C) (R2X = 0.288, R2Y = 0.89, Q2 = 0.829 in the negative mode); C, The 
permutation test for the OPLS-DA model(POS, Intercepts: R2(0.0,0.408),Q2=(0.0,-0.284); D, The permutation test for the OPLS-DAmodel(neg, Intercepts: 
R2(0.0,0.341), Q2=(0.0,-0.28)

 

Fig. 1  The score plot of PCA analysis. (A) POS, QC sample, sepsis group (labeled as D) and the control group (labeled as C); (B) NEG, QC sample, sepsis 
group (labeled as D) and control group (labeled as C); (C) POS, sepsis group (labeled as D) and control group (labeled as C); (D) NEG, sepsis group (labeled 
as D) and control group (labeled as C)

 

http://metlin.scripps.edu
http://www.hmdb.ca
http://www.hmdb.ca
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our laboratory. Ultimately, a total of 59 metabolites were 
identified as Sepsis-related biomarkers (as presented 
in Table 2). Heatmaps and volcano plots and were used 
to show the differential metabolites between these two 
groups of sepsis group and control group as shown in 
Fig. S2. Bioinformatic analysis was conducted to account 
for multiple testing in the univariate data analysis, and 
the adjusted P value is displayed in Table  2. A signifi-
cant decrease was observed in the levels of most PCs, 
LysoPCs, PSs, and LysoPEs in the sepsis group com-
pared to the control group as shown in Fig. S3. Con-
versely, the levels of Creatinine, C17 Sphinganine, and PS 
(22:0/22:1(11Z)) were found to be increased in sepsis. The 
ROC curve analysis was performed on the 59 metabolites 
that exhibited marked changes (Fig.  3). The area under 
the ROC curve for PS (22:0/22:1(11Z)) and C17-Sphin-
ganine were determined to be 0.976 and 0.913, respec-
tively. These findings suggest that PS (22:0/22:1(11Z)) 
and C17-Sphinganine may serve as potential diagnos-
tic markers for sepsis. The network analysis revealed 
that the NF-kappa B signaling pathway, tRNA charging, 
mTOR signaling pathway, calcium signaling pathway, 
and calcium transport were significantly associated with 
the observed alterations in metabolites. These findings 
suggest a potential link between these pathways and the 
pathogenesis of sepsis, as depicted in Fig. 4. Furthermore, 
the detailed metabolomic pathway analysis can be found 
in Table S1 of the supplementary materials. Kaplan Mei-
er’s analysis showed that the CRP, PCT and APACHEII 
for the diagnosis of sepsis as shown in Fig S4. According 
to p values of Kaplan Meier’s analysis of CRP, PCT, and 
APACHE I they are not good predictors to separate sep-
sis from control.

Discussion
Recent advancements in systems biology and metabo-
nomics have significantly enhanced the value of metabo-
lomics in the clinical management of critically ill patients 
[10]. Previous metabolomic studies have revealed 
remarkable alterations in metabolites that could facilitate 
the diagnosis of infections and assessment of prognoses 
[1].

In this study, we screened serum biomarkers of sepsis 
utilizing LC-MS/MS. Compared to healthy controls, sep-
sis patients exhibited markedly differentiated metabolite 
profiles (Fig. 1). Bioinformatic analysis enabled the iden-
tification of 59 differential metabolites with potential as 
biomarkers for sepsis. Notably, 34 of these were phos-
pholipids and 4 were fatty acids, diverging substantially 
from prior focuses on amino acids [5]. As anticipated, 
sepsis patients displayed decreased levels of glutamate, 
leucine, phenylalanine, tryptophan and tyrosine [5]. 
Serum dimethylamine concentrations were found to be 
elevated in septic shock patients with acute kidney injury 

by targeted liquid chromatography-tandem mass spec-
trometry [11].

Our findings align with previous reports linking imbal-
anced amino acid profiles with higher mortality in sepsis 
patients [12]. Phenylalanine and tryptophan may serve as 
indicators of susceptibility to adverse outcomes as essen-
tial amino acids. While elevated phenylalanine signified 
severe metabolic disruption in one cohort, another study 
observed decreased essential amino acids in sepsis [13].
Highlighting heterogeneous stress responses among 
patients. The intricate mechanisms regulating amino acid 
fluctuations remain multifaceted and interrelated.

Uniquely, over 50% of the differential metabo-
lites were phospholipids, encompassing phosphati-
dylcholines (PCs), phosphatidylethanolamines (PEs), 
phosphatidylinositols(PIs), and phosphatidylserines(PSs), 
which have not been previously reported. Previous stud-
ies have indicated that the elevations in HDL-POVPC 
during sepsis were significantly associated with 28-day 
mortality, indicating prognostic utility, suggesting their 
potential as prognostic markers. The findings highlight 
the importance of HDL-POVPC in sepsis progression 
and its potential as a predictor of poor outcomes [14]. 
To evaluate the diagnostic potential of these metabolic 
biomarkers, receiver operating characteristic (ROC) 
curve analysis was performed. Results revealed phos-
phatidylserine PS(22:0/22:1(11Z)) and C17-sphinganine 
as having the highest sensitivity among the candidate 
sepsis indicators.Phosphatidylserine PS(22:0/22:1(11Z)) 
is a glycerophospholipid possessing three ionizable 
groups, which exhibits a wide distribution across ani-
mals, plants, and microorganisms [4]. Phosphatidylserine 
PS(22:0/22:1(11Z)) is an integral membrane phospholipid 
located primarily on the outer leaflet of cell membranes, 
where it maintains membrane structural stability [15]. 
C17-sphinganine is a type of sphinganine lipid essential 
for cell membrane composition [16]. Studies in animal 
sepsis models have shown decreased PS(22:0/22:1(11Z)) 
and C17-sphinganine levels in hepatic and muscular tis-
sues [17, 18]. These changes may result from inflam-
matory factors, oxidative stress, and phospholipase 
activation during sepsis, compromising membrane integ-
rity and impairing cell function. However, some studies 
report upregulated plasma PS(22:0/22:1(11Z)) levels in 
sepsis patients [19]. Elevated PS could increase mem-
brane fluidity, disrupt membrane proteins, and promote 
coagulation and inflammation. In summary, altered 
expression of PS(22:0/22:1(11Z)) and sphinganine C17 
are closely implicated in sepsis pathogenesis through 
various potential mechanisms, though the precise molec-
ular pathways remain to be elucidated. These results 
suggest PS(22:0/22:1(11Z)) and C17-sphinganine may 
serve as a specific sepsis biomarker warranting further 
investigation.
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ID MZ name RT VIP Adust p 
value

FC(sepsis/
control)

HMDB0248231 219.113 1-Methyl-L-tryptophan 8.86 1.61 2.03E-04 1.28
HMDB0000933 229.1373 2Z-Dodecenedioic acid 4.90 1.05 4.18E-03 0.66
HMDB0001494 140.9958 Acetyl phosphate 16.34 2.34 7.62E-06 1.21
LMSP01040003 288.2901 C17 Sphinganine 7.39 1.43 1.77E-03 1.16
LMSP01050004 416.2528 C19 Sphingosine-1-phosphate 4.90 1.30 6.62E-05 0.59
HMDB0006510 494.3245 Cervonyl carnitine 8.58 1.16 2.98E-04 0.55
HMDB0002586 473.2649 Chenodeoxycholic acid 3-sulfate 8.46 1.01 2.90E-02 1.13
HMDB0000562 114.0663 Creatinine 0.74 1.20 7.05E-04 1.75
HMDB0242127 393.2863 Docosanedioic acid 8.37 1.45 2.64E-02 1.09
HMDB0001999 303.2319 Eicosapentaenoic Acid 9.78 1.08 8.14E-04 0.36
HMDB0000174 187.0542 Fucose 0.78 1.23 1.39E-04 0.59
HMDB0000148 148.0582 Glutamate 0.73 1.09 5.87E-04 0.65
HMDB0252892 285.9789 Glyphosine 0.70 1.40 2.11E-05 0.71
LMFA01170040 425.3621 Hexacosanedioic acid 12.75 1.36 3.19E-04 0.59
HMDB0000687 130.0847 Leucine 1.39 1.36 1.26E-03 0.76
HMDB0000159 188.0708  L-Phenylalanine 4.23 1.69 3.04E-07 0.58
HMDB0010381 480.3082 LysoPC(15:0) 9.30 1.17 2.07E-03 0.67
HMDB0010393 546.3556 LysoPC(20:3(5Z,8Z,11Z)) 9.26 1.26 1.12E-04 0.52
HMDB0011475 502.2931 LysoPE(0:0/18:1(11Z)) 8.78 1.11 5.18E-04 0.53
HMDB0011482 508.3396 LysoPE(0:0/20:1(11Z)) 9.04 1.29 6.62E-05 0.53
HMDB0011483 504.3081 LysoPE(0:0/20:2(11Z,14Z)) 8.90 1.17 1.77E-03 0.63
HMDB0011515 526.293 LysoPE(20:3(5Z,8Z,11Z)/0:0) 8.75 1.21 1.84E-04 0.49
LMGP10010933 587.3788 PA(14:0/12:0) 4.76 1.38 2.11E-05 0.55
LMGP01050012 468.3089 PC(14:0/0:0) 8.30 1.28 8.38E-05 0.42
HMDB0010382 496.3407 PC(16:0/0:0) 9.30 1.18 2.39E-04 0.58
HMDB0012108 510.3558 PC(17:0/0:0) 9.92 1.11 5.17E-04 0.53
LMGP01050030 522.3563 PC(18:1(9E)/0:0) 9.58 1.12 5.00E-04 0.55
LMGP01050034 520.3406 PC(18:2(2E,4E)/0:0) 8.89 1.15 3.45E-04 0.48
LMGP01050068 398.2418 PC(9:0/0:0) 8.37 1.38 3.80E-02 1.08
LMGP02010102 490.268 PE(8:0/8:0) 4.73 1.39 2.07E-05 0.56
LMGP04050031 527.3212 PG(19:0/0:0) 4.96 1.30 6.62E-05 0.59
LMGP04010030 441.2013 PG(6:0/6:0) 12.74 1.55 2.01E-05 0.78
LMGP04030093 835.5961 PG(P-20:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z)) 16.30 1.49 5.36E-06 0.33
HMDB0001024 184.9858 Phosphohydroxypyruvic acid 16.34 2.39 3.19E-06 1.23
HMDB0240262 601.3363 PI(18:0/0:0) 4.84 1.29 6.62E-05 0.58
LMGP06050027 649.305 PI(19:0/0:0) 8.90 1.52 1.03E-04 0.63
LMGP06010442 923.6567 PI(19:0/21:0) 10.45 1.11 1.26E-03 2.58
LMGP06010443 937.6551 PI(19:0/22:0) 12.09 1.39 2.11E-05 0.17
LMGP06070002 583.3347 PI(P-18:0/0:0) 9.58 1.34 3.84E-04 0.59
LMGP06030075 913.6358 PI(P-20:0/19:1(9Z)) 10.38 1.57 4.46E-06 3.24
LMGP03010027 658.3315 PS(12:0/12:0) 9.25 1.51 8.38E-05 0.59
LMGP03010001 638.3899 PS(12:0/13:0) 5.02 1.31 6.18E-05 0.58
LMGP03050005 478.3294 PS(13:0/0:0) 9.30 1.07 8.78E-04 0.67
LMGP03050030 534.2959 PS(17:0/0:0) 9.30 1.16 3.05E-04 0.67
LMGP03050006 526.3045 PS(18:0/0:0) 9.30 1.22 1.53E-04 0.59
LMGP03050028 538.3135 PS(19:0/0:0) 8.58 1.29 5.69E-04 0.60
LMGP03050020 552.33 PS(20:1(11Z)/0:0) 5.44 1.42 2.07E-05 0.54
LMGP03050026 566.3454 PS(21:0/0:0) 9.58 1.30 5.53E-04 0.61
LMGP03010722 924.6452 PS(22:0/22:1(11Z)) 10.63 1.67 1.93E-06 3.66
LMGP03020054 800.5824 PS(O-20:0/18:3(6Z,9Z,12Z)) 16.45 1.56 2.30E-06 0.38
HMDB0000277 380.2564 Sphingosine-1-phosphate 8.20 1.91 1.76E-09 0.60
HMDB0000848 428.3736 Stearoylcarnitine 9.30 1.38 2.11E-05 0.55

Table 2  Metabolite differences that were identified between the different groups
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Fig. 4  The network analysis of the differentially expressed metabolites in the sepsis group. CP represents the signal pathway; red nodes represent the 
increased metabolites in sepsis; and green nodes represent the decreased metabolites in sepsis. Black solid lines represent direct connections, and black 
dotted lines represent indirect associations

 

Fig. 3  Receiver operating characteristic (ROC) curves for the metabolites between the control (n = 30) and sepsis (n = 30) groups. AUC indicates area 
under the curve

 

ID MZ name RT VIP Adust p 
value

FC(sepsis/
control)

HMDB0001259 101.0244 Succinic acid semialdehyde 1.35 1.23 6.73E-04 2.29
HMDB0000251 124.0074 Taurine 0.73 1.45 1.60E-04 0.60
HMDB0002581 618.2472 Taurocholic acid 3-sulfate 9.30 1.60 1.93E-06 0.63
HMDB0010562 1045.711 TG(22:6(4Z,7Z,10Z,13Z,16Z,19Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z)/22:6(4Z,7Z,1

0Z,13Z,16Z,19Z))
10.13 1.52 3.41E-06 0.20

HMDB0000929 203.0823 Tryptophan 4.23 1.84 2.30E-06 0.56
HMDB0000158 180.0664 Tyrosine 1.31 1.50 2.25E-04 0.69
HMDB0000883 118.0862 Valine 0.81 1.08 1.25E-03 0.84
MZ, mass-to-charge ratio;VIP, variable importance in projection;FDR_bh, ajust p value; .FC, fold chage of sepsis/control

Table 2  (continued) 
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Furthermore, our study revealed the presence of C19 
sphingosine-1-phosphate, a previously unreported 
metabolite, in sepsis patients. This novel finding has not 
been documented in other metabolomic studies of sep-
sis. Notably, the analog sphingosine-1-phosphate (S1P) 
has been recognized as a potential therapeutic agent for 
sepsis [20]. S1P is a critical immunomodulator regu-
lating immune function and organ protection. Carrier 
molecules transporting S1P play a crucial role in modu-
lating its effects, and their decrease in septic shock may 
contribute to disease severity [21]. In animal models of 
sepsis-induced lung injury, S1P demonstrated efficacy 
in stabilizing endothelia and improving survival. Inter-
estingly, we observed decreases in both S1P and C19 
sphingosine-1-phosphate in sepsis. The signaling lipid 
S1P participates in various pathophysiological processes 
including modulating vascular permeability, promot-
ing inflammation, and influencing coagulation [22–24]. 
S1P lyase activity is higher in tissues while blood and 
lymph exhibit greater S1P levels. Preclinical studies have 
revealed associations between sepsis and reduced S1P 
levels in serum/plasma, suggesting S1P may be a marker 
of sepsis severity and onset [25]. Augmenting S1P levels 
could potentially improve outcomes in sepsis, warrant-
ing studies on modulating S1P activity via endothelial 
receptors.

Conclusion
In conclusion, PS (22:0/22:1(11Z)) and C17-Sphinga-
nine exhibit potential as distinctive indicators of sepsis 
in forthcoming research. To substantiate this discovery 
and delve into the pathophysiology of sepsis, additional 
prospective studies are imperative. One limitation of 
this study is the relatively small sample size, highlight-
ing the need for further validation of the identified sep-
sis biomarkers using larger sample sizes and multicenter 
data to enhance the reliability and generalizability of the 
findings.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12920-023-01666-w.

Supplementary Material 1

Acknowledgements
We thanked the participants were included in this study obtained from 
Department of Emergency, The Affiliated Ganzhou Hospital of Nanchang 
university.

Authors’ contributions
Jinliang Peng wrote the article; Chongrong Qiu and Jun Zhang analysis the 
data; Xiaoliu Xiao desgined the study. Xiaoliu Xiao designed the research; 
Jinliang Peng drafted the manuscript; Chongrong Qiu and Jun Zhang 
analyzed the data. All authors read and approved the final manuscript.

Funding
None.

Data Availability
The author (Xiaoliu Xiao) will provide the raw data supporting the conclusions 
of this article if someone wants to request the data from this study.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of Ganzhou Hospital, 
Nanchang University. All the participators signed informed consent forms 
before the start of the study. All protocols are carried out in accordance with 
relevant guidelines and regulations of “The Regulations of Ethical Reviews of 
Biomedical Research Involving Human Subjects”.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 November 2022 / Accepted: 18 September 2023

References
1.	 Araújo R, Bento LFN, Fonseca TAH, Von Rekowski CP, da Cunha BR, Calado 

CRC. Infection biomarkers based on Metabolomics. Metabolites 2022, 12(2).
2.	 Barichello T, Generoso JS, Singer M, Dal-Pizzol F. Biomarkers for sepsis: more 

than just fever and leukocytosis-a narrative review. Crit Care. 2022;26(1):14.
3.	 Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H, 

Reinhart CK, Suter PM, Thijs LG. The SOFA (Sepsis-related Organ failure Assess-
ment) score to describe organ dysfunction/failure. On behalf of the Working 
Group on Sepsis-Related problems of the European Society of Intensive Care 
Medicine. Intensive Care Med. 1996;22(7):707–10.

4.	 Bill MK, Brinkmann S, Oberpaul M, Patras MA, Leis B, Marner M, Maitre MP, 
Hammann PE, Vilcinskas A, Schuler SMM et al. Novel glycerophospholipid, 
lipo- and N-acyl amino acids from Bacteroidetes: isolation, structure elucida-
tion and bioactivity. Molecules 2021, 26(17).

5.	 De Bandt JP, Cynober L. Therapeutic use of branched-chain amino acids in 
burn, trauma, and sepsis. J Nutr. 2006;136(1 Suppl):308s–13.

6.	 Puleston DJ, Villa M, Pearce EL. Ancillary activity: beyond Core Metabolism in 
Immune cells. Cell Metab. 2017;26(1):131–41.

7.	 Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes. 
Nucleic Acids Res. 2000;28(1):27–30.

8.	 Kanehisa M. Toward understanding the origin and evolution of cellular 
organisms. Protein Sci. 2019;28(11):1947–51.

9.	 Kanehisa M, Furumichi M, Sato Y, Kawashima M, Ishiguro-Watanabe M. KEGG 
for taxonomy-based analysis of pathways and genomes. Nucleic Acids Res. 
2023;51(D1):D587–d592.

10.	 Ding X, Tong R, Song H, Sun G, Wang D, Liang H, Sun J, Cui Y, Zhang X, Liu S, 
et al. Identification of metabolomics-based prognostic prediction models for 
ICU septic patients. Int Immunopharmacol. 2022;108:108841.

11.	 Leśnik P, Łysenko L, Fleszar MG, Fortuna P, Woźnica-Niesobska E, Mierzchała-
Pasierb M, Janc J. Measurement of serum levels of 5 amino acids and 
dimethylamine using Liquid Chromatography-Tandem Mass Spectrometry in 
Patients without Septic Associated Acute kidney Injury and with septic Asso-
ciated Acute kidney Injury requiring continuous renal replacement therapy. 
Med Sci Monit. 2022;28:e937784.

12.	 Huang SS, Lin JY, Chen WS, Liu MH, Cheng CW, Cheng ML, Wang CH. Phenyl-
alanine- and leucine-defined metabolic types identify high mortality risk in 
patients with severe infection. Int J Infect Dis. 2019;85:143–9.

13.	 Matthews DE, Pesola G, Campbell RG. Effect of epinephrine on amino acid 
and energy metabolism in humans. Am J Physiol. 1990;258(6 Pt 1):E948–956.

14.	 Li Z, Luo Z, Shi X, Pang B, Ma Y, Jin J. The levels of oxidized phospholipids in 
high-density lipoprotein during the Course of Sepsis and their prognostic 
value. Front Immunol. 2022;13:893929.

https://doi.org/10.1186/s12920-023-01666-w
https://doi.org/10.1186/s12920-023-01666-w


Page 9 of 9Peng et al. BMC Medical Genomics          (2023) 16:224 

15.	 Vance JE. Phosphatidylserine and phosphatidylethanolamine in mam-
malian cells: two metabolically related aminophospholipids. J Lipid Res. 
2008;49(7):1377–87.

16.	 Merrill AH Jr. Sphingolipid and glycosphingolipid metabolic pathways in the 
era of sphingolipidomics. Chem Rev. 2011;111(10):6387–422.

17.	 Naveen Kumar MS, Gupta G, Kumar V, Jagannathan NR, Sinha S, Mewar S, 
Kumar P. Differentiation between sepsis survivors and sepsis non-survivors 
through blood serum metabolomics: a proton nuclear magnetic resonance 
spectroscopy (NMR) study. Magn Reson Imaging. 2022;89:49–57.

18.	 Adibhatla RM, Hatcher JF. Phospholipase A(2), reactive oxygen species, and 
lipid peroxidation in CNS pathologies. BMB Rep. 2008;41(8):560–7.

19.	 Drobnik W, Liebisch G, Audebert FX, Frohlich D, Gluck T, Vogel P, Rothe G, 
Schmitz G. Plasma ceramide and lysophosphatidylcholine inversely correlate 
with mortality in sepsis patients. J Lipid Res. 2003;44(4):754–61.

20.	 Cartier A, Leigh T, Liu CH, Hla T. Endothelial sphingosine 1-phosphate recep-
tors promote vascular normalization and antitumor therapy. Proc Natl Acad 
Sci U S A. 2020;117(6):3157–66.

21.	 Ziegler AC, Müller T, Gräler MH. Sphingosine 1-phosphate in sepsis and 
beyond: its role in disease tolerance and host defense and the impact of 
carrier molecules. Cell Signal. 2021;78:109849.

22.	 Frej C, Linder A, Happonen KE, Taylor FB, Lupu F, Dahlbäck B. Sphingosine 
1-phosphate and its carrier apolipoprotein M in human sepsis and in Esch-
erichia coli sepsis in baboons. J Cell Mol Med. 2016;20(6):1170–81.

23.	 Gomes L, Fernando S, Fernando RH, Wickramasinghe N, Shyamali NL, Ogg 
GS, Malavige GN. Sphingosine 1-phosphate in acute dengue infection. PLoS 
ONE. 2014;9(11):e113394.

24.	 Winkler MS, Nierhaus A, Holzmann M, Mudersbach E, Bauer A, Robbe L, 
Zahrte C, Geffken M, Peine S, Schwedhelm E, et al. Decreased serum concen-
trations of sphingosine-1-phosphate in sepsis. Crit Care. 2015;19:372.

25.	 Winkler MS, Nierhaus A, Poppe A, Greiwe G, Gräler MH, Daum G. Sphingo-
sine-1-Phosphate: a potential biomarker and therapeutic target for endothe-
lial dysfunction and Sepsis? Shock. 2017;47(6):666–72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Serum metabolite profiling reveals metabolic characteristics of sepsis patients using LC/MS-based metabolic profiles: a cross-sectional study
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study design and study population
	﻿LC-MS/MS data acquisition
	﻿Statistical analysis
	﻿Bioinformatics analysis

	﻿Results
	﻿Multivariate analysis

	﻿Discussion
	﻿Conclusion
	﻿References


