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Background: Lysophosphatidic acid (LPA) has anti-inflammatory and protective
effects in sepsis, yet clinical evidence on its correlation with sepsis progression
and outcomes is limited. This study aimed to evaluate the association of plasma
LPA levels with sepsis development, severity, and mortality.

Methods: A total of 42 sepsis patients and 29 controls with common
infections were included. Among the sepsis patients, 15 succumbed during
hospitalization. Plasma LPA levels were measured, and clinical data were
retrospectively analyzed.

Results: Plasma LPA was significantly lower in sepsis patients compared to
controls, and further reduced in non-survivors. Notably, correlation analyses
suggested that LPA levels were negatively correlated with neutrophil count,
procalcitonin, interleukin-6, and Sequential Organ Failure Assessment (SOFA)
score. Multivariate regression analysis identified LPA as an independent risk factor
for sepsis onset and in-hospital mortality. Receiver operating characteristic
(ROC) curve analysis revealed that LPA had a high diagnostic accuracy
for sepsis (area under the ROC curve [AUC] = 0.92, 95% Cl = 0.86-0.99,
P < 0.001) and was a strong predictor of in-hospital mortality (AUC = 0.86,
95% Cl = 0.76-0.97, P < 0.001).

Conclusion: Reduced plasma LPA levels in sepsis patients are inversely
correlated with infection/infammation markers and SOFA scores. Together,
these results suggest that LPA may serve as a potential diagnostic and
prognostic biomarker for sepsis, supporting its potential as a complementary
tool to enhance early risk stratification and guide bedside clinical
decision-making.
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Introduction

Sepsis is a critical, life-threatening condition caused by a
dysregulated immune response to infection; it largely contributes
to high morbidity rates and mortality (1). Annually, millions of
individuals develop sepsis, which poses considerable challenges to
healthcare systems owing to its complex pathophysiology and
associated high treatment costs (2-4). Blood culture remains the
gold standard for sepsis diagnosis. Nevertheless, this method is
constrained by delayed turnaround times, susceptibility to
contamination, and low positive pathogenic detection rates.
Collectively, these limitations contribute to diagnostic
inaccuracies and clinical mismanagement (5, 6). Timely and
accurate diagnosis of sepsis is paramount for initiating evidence-
based interventions, facilitating effective therapeutic stewardship,
and mitigating inappropriate antibiotic use (7, 8). Delayed diagnosis
has been strongly correlated with poor outcomes, emphasizing
novel, highly specific biomarkers to enable early detection and
guide clinical management.

Lysophosphatidic acid (LPA) is a bioactive phospholipid that
mediates diverse physiological and pathological processes,
including the regulation of immune and inflammatory responses
(9). Dysregulation of LPA levels and receptor signaling contributes
to multiple immune-related and inflammatory illnesses (10, 11). Its
role in inflammation is complex, as LPA can modulate the release of
inflammatory mediators from various cell types (12). In
lipopolysaccharide (LPS)-induced sepsis models among animals,
exogenous administration of LPA or LPA receptor agonism
suppresses the release of proinflammatory factors, including
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-car), and
monocyte chemoattractant protein-1 (MCP-1). Simultaneously, it
enhances interleukin-10 (IL-10) expression, ameliorating acute
tissue injury and improving survival outcomes (13-15).

Mechanistic studies have established LPA’s protective role in
sepsis; however, clinical studies investigating the role of LPA in
human sepsis remain underexplored. Specifically, the association
between fluctuating plasma LPA levels and inflammatory responses
and disease severity in sepsis is unclear. Moreover, the diagnostic/
prognostic utility of LPA as a biomarker lacks clinical validation.
Therefore, this study aimed to clinically validate the diagnostic and
prognostic value of LPA in a well-defined patient cohort, specifically
quantifying changes in plasma LPA levels, examining its
relationship with markers of inflammation/disease severity, and
evaluating its performance for sepsis diagnosis and in-hospital
mortality prediction.

Methods
Study design and population

This cross-sectional study was conducted from August 2024 to
April 2025. During this period, we consecutively screened and

enrolled eligible patients. Patients meeting the clinical diagnostic
criteria for sepsis were allocated to the sepsis group. Meanwhile,
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patients hospitalized with community-acquired pneumonia (CAP)
who did not meet the sepsis criteria were consecutively enrolled as
the control group. Inclusion in the sepsis group required meeting
established sepsis diagnostic criteria, whereas the control group
participants had confirmed infections but did not meet the sepsis
diagnostic thresholds. The primary observational endpoint was in-
hospital mortality, defined as death occurring at least 24 hours after
admission and before discharge. All surviving patients were
successfully treated and discharged. The exclusion criteria applied
to both groups were as follows: (1) incomplete clinical or laboratory
documentation (n = 2); (2) concurrent malignancies, hematological
disorders, or autoimmune diseases (n = 5); and (3) lack of written
informed consent (n = 2). After applying these exclusion criteria,
the study ultimately included 42 sepsis patients and 29 control
patients. Among the 42 sepsis patients, 15 experienced in-hospital
mortality. The protocol was approved by the Medical Ethics
Committee of Inner Mongolia Baogang Hospital (Approval No:
2022-MER-110) per the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all participants
before enrollment.

Detecting plasma LPA levels

Venous blood samples (4 mL) were collected from all
participants into EDTA-containing tubes on the first day of
hospitalization. After clotting at room temperature for 30
minutes, the samples were centrifuged at 500g for 10 min. The
harvested plasma was aliquoted and stored at -80 °C until analysis.
Total plasma lysophosphatidic acid (LPA) levels were quantified
using a commercially available competitive enzyme-linked
immunosorbent assay (LPA Assay Kit II, Echelon Biosciences),
following the manufacturer’s instructions. This assay utilizes a
monoclonal antibody (504B3/B3) with high specificity for LPA
and minimal cross-reactivity with related lipids. The detailed
step-by-step ELISA protocol, along with comprehensive
information on antibody specificity and cross-reactivity, is
provided in the Supplementary Materials. LPA concentrations in
patient samples were determined by interpolating absorbance
values (450 nm) against a standard curve. All biomarker
measurements, including LPA, were performed using blood
samples collected within 24 hours of hospital admission.

Data collection

Clinical and laboratory data, including age, sex, body mass
index (BMI), body temperature, respiratory rate, heart rate,
prevalence of comorbidities (hypertension, diabetes mellitus, and
cardiovascular disease), neutrophil count, lymphocyte count,
platelet (PLT) count, procalcitonin (PCT), interleukin-6 (IL-6)
levels, and Sequential Organ Failure Assessment (SOFA) scores,
were extracted from electronic health records upon admission.
Complete blood counts (neutrophils, lymphocytes, and PLT) were
determined using the Maccura F81 fully automated hematology
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analyzer (Maccura Biotechnology, Sichuan, China). Serum PCT and
IL-6 levels were quantified via electrochemiluminescence
immunoassay using the Cobas 800 modular analytics platform
(Roche Diagnostics, Rotkreuz, Switzerland). For samples that
exceeded the assay’s upper detection limit for PCT (>100 ng/mL),
a 101 ng/mL value was recorded.

Statistical analysis

Continuous variables conforming to a Gaussian distribution are
expressed as mean * standard deviation and evaluated using
independent samples t-tests. Non-Gaussian continuous variables are
summarized as median with interquartile range and compared using the
Mann-Whitney U test. Categorical data are presented as frequency
counts (percentages) and compared using the y* test. Inter-variable
correlations between continuous parameters and LPA levels were
assessed using Spearman’s p coefficient. Covariates demonstrating
statistical significance (P < 0.05) in univariate logistic regression were
incorporated into multivariate logistic regression using a forced-entry
technique to determine the independent relationship of LPA with sepsis.
The diagnostic and prognostic performance of LPA and other
biomarkers (procalcitonin, PCT; neutrophil count) for sepsis

TABLE 1 Basic characteristics of study subjects by groups.

10.3389/fimmu.2025.1725394

identification and in-hospital mortality prediction was evaluated using
receiver operating characteristic (ROC) curve analysis. The area under
the ROC curve (AUC) along with its 95% confidence interval (CI) was
calculated. The optimal cut-off value was determined by maximizing the
Youden’s index. Comparisons of the AUCs between different
biomarkers were performed using the DeLong test. Statistical
significance was defined as a two-sided o-level of 0.05. All analyses
were conducted using SPSS (version 26.0.0.0; IBM Corp., Armonk, NY).

Results
Study population characteristics

The study cohort comprised 71 participants, including 42
patients clinically diagnosed with sepsis (sepsis group) and 29
patients with non-septic infections (control group). In the sepsis
group, 15 experienced in-hospital mortality. Table 1 summarizes
baseline characteristics of all participants. Compared with the control
group, the sepsis group demonstrated significantly elevated values for
body temperature, respiratory rate, neutrophil count, PCT, IL-6, and
SOFA scores. Additionally, the sepsis group had significantly higher
rates of positive blood culture and assisted ventilation compared to

Sepsis
Variables Control (n = 29) Sepsis (n = 42) p
Survivors (n =27) Non-survivors (n=15)  °P

Age (years) 78.0 (69.5, 84.0) 79.0 (72.8, 85.0) 0.788 78.0 (71.0, 83.0) 80.0 (77.0, 85.0) 0.207
Male, n (%) 16 (55.2%) 22 (59.5%) 0.715 16 (59.3%) 9 (60.0%) 0.963
BMI (kg/m?) 224 (19.9, 25.1) 214 (17.1, 26.2) 0.437 225 (19.3, 27.8) 19.5 (154, 23.2) 0.049
Temperature (°C) 36.8 £ 0.8 374+ 1.0 0.006 374+ 1.0 375+ 1.1 0.741
Respiratory (rate/minute) 20.8 + 0.7 232 +37 < 0.001 238 +4.1 220+ 26 0.132
Heart rate (bpm) 89.0 (78.5, 110.5) 99.0 (84.8, 115.5) 0.128 90.0 (81.0, 102.0) 110.0 (104.0, 122.0) 0.003
Hypertension, n (%) 13 (44.8%) 26 (61.9%) 0.155 15 (55.6%) 11 (73.3%) 0.256
Diabetes, n (%) 23 (79.3%) 35 (83.3%) 0.667 24 (88.9%) 11 (73.3%) 0.195
Heart disease, n (%) 21 (72.4%) 32 (76.2%) 0.719 21 (77.8%) 11 (73.3%) 0.746
Positive blood culture, n (%) 7 (24.1%) 28 (66.7%) < 0.001 20 (74.1%) 8 (53.3%) 0.172
Assisted ventilation, n (%) 9 (31.0%) 39 (92.9%) < 0.001 24 (88.9%) 15 (100%) 0.180
Neutrophil (x10° cells/L) 5.16 (3.73, 8.71) 8.37 (5.08, 13.79) 0.031 6.87 (4.25, 13.46) 10.92 (5.18, 20.23) 0.372
Lymphocyte (x10 cells/L) 1.08 (0.79, 1.30) 0.83 (0.57, 1.17) 0.034 0.92 (0.61, 1.20) 0.73 (0.51, 1.12) 0.118
PLT (><109 cells/L) 207.0 (171.0, 238.0) 143.0 (95.0, 243.5) 0.018 161.0 (116.0, 216.0) 120.0 (90.0, 300.0) 0.823
PCT (ng/ml) 0.23 (0.07, 1.66) 2.02 (0.59, 6.26) < 0.001 1.97 (0.60, 21.04) 2.07 (0.55, 4.77) 0.813
IL-6 (pg/ml) 67.5 (17.2, 195.7) 141.4 (63.5, 449.7) 0.021 97.9 (23.1, 366.6) 196.6 (99.6, 901.8) 0.059
SOFA 1.0 (0, 2.0) 5.0 (3.0, 9.0) < 0.001 4.0 (3.0, 7.0) 7.0 (5.0, 11.0) 0.019
LPA (ng/ml) 384.9 (365.9, 395.5) 329.4 (278.1, 351.7) < 0.001 337.1 (313.8, 353.4) 289.1 (261.8, 329.6) 0.004

“P, value among the control and sepsis groups.

P, value among the survivor, and non-survivor sepsis groups.

BMI, body mass index; PLT, platelet; PCT, procalcitonin; IL-6, interleukin 6; SOFA, sequential organ failure assessment; LPA, lysophosphatidyl acid.

Boldface highlights results with statistically significant differences.
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TABLE 2 Correlation between LPA and clinical indexes.

Variables r P
Age (year) -0.064 0.598
BMI (kg/m?) 0.058 0.631
Temperature (°C) -0.359 0.002
Respiratory (rate/minute) -0.307 0.009
Heart rate (rate/minute) -0.368 0.002
Neutrophil (x10° cells/L) -0.411 < 0.001
Lymphocyte 0.245 0.040
PLT (x10° cells/L) 0.209 0.081
PCT (ng/ml) -0.470 < 0.001
IL-6 (pg/ml) -0.365 0.002
SOFA -0.706 < 0.001

LPA, lysophosphatidyl acid; BMI, body mass index; PLT, platelet; PCT, procalcitonin; IL-6,
interleukin 6; SOFA, sequential organ failure assessment.
Boldface highlights results with statistically significant differences.

the control group. In contrast, they exhibited reduced lymphocyte
and platelet counts. In the control group, non-survivors exhibited
significantly higher heart rates and SOFA scores than survivors.
Interestingly, plasma LPA levels were significantly lower in the
sepsis group than in the control group, with non-survivors
demonstrating further reductions than survivors with sepsis.

Correlation between LPA and clinical
indicators

Spearman correlation analysis evaluated the relationship
between plasma LPA levels and clinical/laboratory parameters
(Table 2). LPA levels were inversely correlated with body
temperature, respiratory rate, and heart rate (all P<0.01).
Specifically, LPA levels were negatively correlated with major
infection-related and inflammatory biomarkers, such as
neutrophil count, PCT, and IL-6 (all P < 0.001). Conversely, LPA
levels were positively correlated with lymphocyte and platelet
counts (P < 0.05). No significant correlations were observed
between LPA levels and age, BMI, or PLT count (all P > 0.05).
Notably, a robust inverse correlation was identified between LPA

TABLE 3 Relative risk of LPA for sepsis and mortality.

Univariate Multivariate®

Variables OR (95% CI) P OR (95% CI) P
. 0.934 0.931
Sepsis < 0.001 0.001
(0.903 - 0.965) (0.893 - 0.971)
. 0.970 0.950
Mortality < 0.001 0.001
(0.955 - 0.986) (0.921-0.980)

#Adjusted for body temperature, respiratory rate, neutrophil count, PCT, and IL-6.
LPA, lysophosphatidyl acid; PCT, procalcitonin; IL-6, interleukin 6.
Boldface highlights results with statistically significant differences.
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levels and sepsis severity, as measured by SOFA scores (P =
-0.706, P<0.001).

Relationship of LPA levels with the risk of
sepsis and In-hospital mortality

To investigate the predictive performance of LPA, univariate
and multivariate logistic regression analyses were conducted.
Univariate analysis suggested that body temperature, respiratory
rate, neutrophil count, PCT, and IL-6 emerged as significant risk
factors for sepsis. After multivariate adjustment for these
confounders, plasma LPA levels were identified as an independent
predictor of sepsis (Odds ratio (OR) = 0.931, 95% confidence
interval (CI) 0.893-0.971, P = 0.001). Furthermore, LPA
remained independently associated with in-hospital mortality
after adjusting for the mentioned covariates (OR = 0.950, 95% CI
0.921-0.980, P = 0.001) (Table 3).

Clinical value of LPA in sepsis diagnosis
and In-hospital mortality risk prediction

ROC curve analysis was conducted to evaluate the diagnostic
and prognostic performance of LPA in sepsis and in-hospital
mortality prediction. As shown in Figure 1, for sepsis diagnosis+,
LPA demonstrated excellent discriminatory power with AUC of
0.92 (95% CI = 0.86-0.99, P < 0.001). At an optimal cut-off value of
355.57 ng/mlL, it achieved 89.7% sensitivity and 83.3% specificity.
Notably, when compared with other biomarkers, LPA exhibited
superior diagnostic performance, as the AUC for PCT was 0.78
(95% CI: 0.66 - 0.89, P < 0.001) and for neutrophil count was 0.65
(95% CI: 0.52-0.78, P = 0.031). Furthermore, LPA showed strong
prognostic value for predicting in-hospital mortality among septic
patients, with an AUC of 0.86 (95% CI = 0.76-0.97, P < 0.001). The
optimal threshold for mortality prediction was 333.40 ng/mL,
corresponding to 80.4% sensitivity and 86.7% specificity. The
prognostic performance of LPA was also superior to that of PCT
(AUC = 0.63, 95% CI: 0.49 - 0.76, P = 0.134) and neutrophil count
(AUC = 0.65, 95% CI: 0.47 - 0.82, P = 0.083).

Discussion

The complex etiology, substantial morbidity and mortality, and
persistent diagnostic challenges of sepsis continue to render it a
formidable clinical problem. Sepsis is characterized by a
dysregulated host response to infection, leading to systemic
inflammation, multiorgan dysfunction, and potentially death,
posing a significant burden on healthcare systems worldwide
(16, 17). The differentiation of sepsis from other common
illnesses with similar presentations, such as severe pneumonia,
remains difficult (18). Current diagnostic standards, including
blood culture, are hampered by prolonged turnaround times and
variable sensitivity. While biomarkers like procalcitonin (PCT) and
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FIGURE 1
ROC curve of LPA, PCT and neutrophil in sepsis diagnosis (A) and in-hospital mortality prediction (B). LPA, lysophosphatidy!l acid; PCT, procalcitonin.

C-reactive protein (CRP) are routinely employed, recent meta-
analyses highlight their limitations in diagnostic performance. For
PCT, summary AUC values range from 0.74 to 0.88 across different
patient populations, with sensitivity and specificity varying
substantially (19-22). Similarly, CRP demonstrates variable
performance with AUC values of 0.67 in general sepsis
populations and up to 0.945 in pediatric cases, yet its specificity
can be as low as 55% in some analyses (19, 23). These limitations
can delay appropriate treatment, worsen patient outcomes, and
contribute to antibiotic resistance (24, 25). Consequently, the
identification of rapid, sensitive, and specific biomarkers is crucial
for early diagnosis, risk stratification, and improved management
of sepsis.

LPA exerts its biological effects primarily through specific G-
protein-coupled receptors (LPA1-LPA6), influencing processes
critical to inflammation and diseases such as asthma and acute
lung injury (26). It is important to note that LPA’s effects can be
context-dependent, exhibiting both pro- and anti-inflammatory
properties. Nevertheless, a body of preclinical evidence, including
work from our group, underscores its protective role in sepsis. In
murine models, administering LPA or specific receptor agonists can
suppress LPS-induced inflammation, inhibit harmful processes like
neutrophil extracellular trap (NET) formation, and ultimately
improve survival (13, 14, 27). However, the clinical relevance of
these findings, particularly the dynamics of plasma LPA levels in
septic patients and their correlation with disease severity and
outcomes, has remained largely unexplored.

Our study provides this critical clinical validation by
demonstrating that plasma LPA is significantly reduced in sepsis
patients and is lowest in non-survivors. This finding aligns with the
well-established consensus that levels of LPC, the major
biosynthetic precursor for LPA, are consistently lower in septic
patients and have prognostic value for mortality (28-30). The
significant negative correlations we observed between LPA levels
and established markers of infection (PCT) and inflammation
(neutrophil count, IL-6) further suggest that LPA may function as
a negative regulator of the inflammatory response in human sepsis,
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consistent with the anti-inflammatory effects reported in preclinical
models (14, 15, 31). Furthermore, we established that low LPA
levels are independently associated with both the diagnosis of sepsis
and in-hospital mortality, with ROC curve analysis affirming its
strong diagnostic and prognostic utility. The primary contribution
of our work lies not in the discovery of LPA’s involvement in sepsis,
but in providing comprehensive clinical evidence supporting its
translation into a clinically useful biomarker.

Beyond establishing the diagnostic and prognostic value of LPA,
its translation into clinical practice requires consideration of
practical implementation. While mass spectrometry offers precise
LPA speciation (32), its complexity limits routine use. The ELISA
method used in our study provides a more viable alternative, with
established standardization, simpler workflow, lower cost, and a
turnaround time (2-3 hours) compatible with sepsis management.
Integration into clinical workflows could involve measuring LPA at
admission alongside SOFA scores to enhance early risk
stratification and guide treatment decisions. However, multi-
center studies remain necessary to standardize assays, define
optimal cut-off values, and validate LPA-guided protocols.

The observed reduction in plasma LPA presents a paradox
when considering the complex regulation of its metabolism. The
enzyme autotaxin (ATX) is the primary catalyst for LPA production
from LPC. Interestingly, one clinical study reported elevated
circulating ATX levels in sepsis patients (33), a finding that might
ostensibly conflict with our observation of low LPA. This apparent
contradiction suggests that the net plasma concentration of LPA is
not determined by ATX levels alone but is likely a balance of its
synthesis and consumption. We therefore hypothesize that in
human sepsis, the elevated ATX might represent a compensatory
response, while the observed net decrease in LPA could be primarily
driven by its accelerated consumption. This consumption may
occur through heightened signaling via LPA receptors on
immune cells, mediating its anti-inflammatory effects, and/or
through other clearance pathways. This model helps reconcile
conflicting reports in the literature. For instance, a murine model
of polymicrobial sepsis reported decreased levels of both LPC and
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ATX alongside an increase in LPA (34), highlighting that the
dynamics of the LPC-ATX-LPA axis are profoundly influenced by
the specific experimental or clinical context. Our clinical data firmly
establish that low plasma LPA is a feature strongly associated with
adverse outcomes in human sepsis. The validation of this
consumption-centric hypothesis and the precise mechanisms
involved warrant further investigation.

The novelty of our study lies in the identification of plasma LPA
as a promising dual-purpose biomarker for sepsis diagnosis and in-
hospital mortality risk prediction. However, several limitations
warrant careful consideration. First, the single-center design and
relatively modest sample size limited our statistical power for
detailed subgroup analyses and multivariable adjustments for
potential confounders, which may affect the generalizability of
our findings. Future larger-scale studies are needed to validate our
results. Second, the measurement of LPA at a single early time point
prevents the assessment of its kinetic profile during disease
progression and in response to treatments; longitudinal studies
with serial measurements are warranted. Third, this study focused
specifically on total LPA based on existing preclinical evidence of its
anti-inflammatory role, and we did not investigate a broader panel
of lipidomic mediators or LPA subspecies. Comprehensive
lipidomic profiling in future studies could provide a more
complete understanding of lipid metabolism in sepsis. Finally,
while our study provides clinical evidence of LPA’s biomarker
potential, the precise mechanisms underlying LPA reduction in
sepsis remain to be fully elucidated.

Conclusion

This study provides initial clinical evidence supporting plasma
LPA as a potential biomarker in sepsis. We demonstrate that
reduced LPA levels are characteristic of sepsis patients and
correlate inversely with disease severity and key inflammatory
markers. Most importantly, LPA exhibits promising predictive
value for both sepsis diagnosis and in-hospital mortality,
suggesting its potential as a complementary tool for early risk
stratification. However, future large-scale, prospective studies are
needed to confirm these findings and establish the clinical
applicability of LPA in sepsis management. .

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by Medical
Ethics Committee of Inner Mongolia Baogang Hospital (Approval

Frontiers in Immunology

10.3389/fimmu.2025.1725394

No: 2022-MER-110). The studies were conducted in accordance
with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

XL: Conceptualization, Data curation, Formal analysis,
Methodology, Software, Validation, Writing — original draft. TL:
Conceptualization, Data curation, Formal analysis, Funding
acquisition, Methodology, Project administration, Software,
Supervision, Validation, Visualization, Writing - review &
editing. PX: Funding acquisition, Project administration,
Supervision, Visualization, Writing - review & editing. HW: Data
curation, Resources, Validation, Writing - review & editing. JY:
Data curation, Resources, Validation, Writing — review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work was supported by the
National Natural Science Foundation of China (82200097), the Key
Research, Development, and Promotion Projects of Henan
Province (252102310054), the Inner Mongolia Natural Science
Fund project (2023LHMS08059, 2024LHMS08032, 2023QN08063
and 2025QN08087), Inner Mongolia Medical University Science
and Technology Million Project Joint Project (YKD2023LH022)
and the Aerospace Medical Research Project (2024YKO03
and 2025YKO03).

Acknowledgments

The authors would like to thank Bullet Edits Limited for
providing language editing and proofreading services for
this manuscript.

Conflict of interest

The authors declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1725394
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.

accuracy, including review by the authors wherever possible. If you
identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M,
et al. The third international consensus definitions for sepsis and septic shock (Sepsis-
3). JAMA. (2016) 315:801-10. doi: 10.1001/jama.2016.0287

2. Huang M, Cai S, Su J. The pathogenesis of sepsis and potential therapeutic targets.
Int ] Mol Sci. (2019) 20:31. doi: 10.3390/ijms20215376

3. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al.
Global, regional, and national sepsis incidence and mortality, 1990-2017: analysis for
the Global Burden of Disease Study. Lancet (Lond Engl). (2020) 395:200-11.
doi: 10.1016/S0140-6736(19)32989-7

4. La Via L, Sangiorgio G, Stefani S, Marino A, Nunnari G, Cocuzza S, et al. The
global burden of sepsis and septic shock. Epidemiol (Basel). (2024) 5:456-78.
doi: 10.3390/epidemiologia5030032

5. Iroh Tam PY, Bendel CM. Diagnostics for neonatal sepsis: current approaches
and future directions. Pediatr Res. (2017) 82:574-83. doi: 10.1038/pr.2017.134

6. Rhee C, Murphy MV, Li L, Platt R, Klompas M, Centers for Disease C, et al.
Comparison of trends in sepsis incidence and coding using administrative claims
versus objective clinical data. Clin Infect Dis. (2015) 60:88-95. doi: 10.1093/cid/ciu750

7. Husabo G, Nilsen RM, Flaatten H, Solligard E, Frich JC, Bondevik GT, et al. Early
diagnosis of sepsis in emergency departments, time to treatment, and association with
mortality: An observational study. PloS One. (2020) 15:e0227652. doi: 10.1371/
journal.pone.0227652

8. Ku TSN, Al Mohajer M, Newton JA, Wilson MH, Monsees E, Hayden MK, et al.
Improving antimicrobial use through better diagnosis: The relationship between
diagnostic stewardship and antimicrobial stewardship. Infect Control Hosp
Epidemiol. (2023) 44:1901-8. doi: 10.1017/ice.2023.156

9. Yanagida K, Shimizu T. Lysophosphatidic acid, a simple phospholipid with
myriad functions. Pharmacol Ther. (2023) 246:108421. doi: 10.1016/
j.pharmthera.2023.108421

10. Lin ME, Herr DR, Chun J. Lysophosphatidic acid (LPA) receptors: signaling
properties and disease relevance. Prostaglandins Other Lipid Mediators. (2010) 91:130—
8. doi: 10.1016/j.prostaglandins.2009.02.002

11. Geraldo LHM, Spohr T, Amaral RFD, Fonseca A, Garcia C, Mendes FA, et al.
Role of lysophosphatidic acid and its receptors in health and disease: novel
therapeutic strategies. Signal Transduct Target Ther. (2021) 6:45. doi: 10.1038/
541392-020-00367-5

12. Cui MZ. Lysophosphatidic acid effects on atherosclerosis and thrombosis. Clin
Lipidol. (2011) 6:413-26. doi: 10.2217/clp.11.38

13. Fan H, Zingarelli B, Harris V, Tempel GE, Halushka PV, Cook JA.
Lysophosphatidic acid inhibits bacterial endotoxin-induced pro-inflammatory
response: potential anti-inflammatory signaling pathways. Mol Med. (2008) 14:422-
8. doi: 10.2119/2007-00106.Fan

14. Mirzoyan K, Denis C, Casemayou A, Gilet M, Marsal D, Goudouneche D, et al.
Lysophosphatidic acid protects against endotoxin-induced acute kidney injury.
Inflammation. (2017) 40:1707-16. doi: 10.1007/s10753-017-0612-7

15. Ciesielska A, Hromada-Judycka A, Ziemlinska E, Kwiatkowska K.
Lysophosphatidic acid up-regulates IL-10 production to inhibit TNF-alpha synthesis
in Mvarphis stimulated with LPS. J Leukocyte Biol. (2019) 106:1285-301. doi: 10.1002/
JLB.2A0918-368RR

16. Cecconi M, Evans L, Levy M, Rhodes A. Sepsis and septic shock. Lancet (Lond
Engl). (2018) 392:75-87. doi: 10.1016/S0140-6736(18)30696-2

17. Lelubre C, Vincent JL. Mechanisms and treatment of organ failure in sepsis.
Nat Rev Nephrol. (2018) 14:417-27. doi: 10.1038/s41581-018-0005-7

18. Darkwah S, Kotey FCN, Ahenkorah ], Adutwum-Ofosu KK, Donkor ES. Sepsis-
related lung injury and the complication of extrapulmonary pneumococcal pneumonia.
Diseases. (2024) 12:18. doi: 10.3390/diseases12040072

Frontiers in Immunology

10.3389/fimmu.2025.1725394

claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1725394/
full#supplementary-material

19. Chuang CL, Yeh HT, Niu KY, Chen CB, Seak CJ, Yen CC. Diagnostic
performances of procalcitonin and C-reactive protein for sepsis: a systematic review
and meta-analysis. Eur ] Emerg Med. (2025) 32:248-58. doi: 10.1097/
MEJ.0000000000001235

20. Zhang Y], Guo ZH, Ming ZG, Hao ZM, Duan P. Meta-analysis of the diagnostic
value of serum procalcitonin for burn sepsis in adults. Eur Rev Med Pharmacol Sci.
(2023) 27:7188-200. doi: 10.26355/eurrev_202308_33292

21. Jerome E, Cavazza A, Menon K, McPhail MJ. Systematic review and meta-
analysis of the diagnostic accuracy of procalcitonin for post-operative sepsis/infection
in liver transplantation. Transpl Immunol. (2022) 74:101675. doi: 10.1016/
j.trim.2022.101675

22. Jerome E, McPhail MJ, Menon K. Diagnostic accuracy of procalcitonin and
interleukin-6 for postoperative infection in major gastrointestinal surgery: a systematic
review and meta-analysis. Ann R Coll Surg Engl. (2022) 104:561-70. doi: 10.1308/
rcsann.2022.0053

23. Xu F, Luo J, Li W. Comparison of the diagnostic accuracy of resistin and CRP
levels for sepsis in neonates and children: a systematic review and meta-analysis. Front
Pediatr. (2025) 13:1555671. doi: 10.3389/fped.2025.1555671

24. Weiss SL, Peters MJ, Alhazzani W, Agus MSD, Flori HR, Inwald DP, et al.
Surviving sepsis campaign international guidelines for the management of septic shock
and sepsis-associated organ dysfunction in children. Intensive Care Med. (2020) 46:10-
67. doi: 10.1007/s00134-019-05878-6

25. Rehn M, Chew MS, Olkkola KT, Ingi Sigurethsson M, Yli-Hankala A, Hylander
Moller M. Surviving sepsis campaign: International guidelines for management of
sepsis and septic shock in adults 2021 - endorsement by the Scandinavian society of
anesthesiology and intensive care medicine. Acta Anesthesiol Scand. (2022) 66:634-5.
doi: 10.1111/aas.14045

26. Meduri B, Pujar GV, Durai Ananda Kumar T, Akshatha HS, Sethu AK, Singh M,
et al. Lysophosphatidic acid (LPA) receptor modulators: Structural features and recent
development. Eur ] Med Chem. (2021) 222:113574. doi: 10.1016/j.ejmech.2021.113574

27. Pei S, Xu C, Pei J, Bai R, Peng R, Li T, et al. Lysophosphatidic acid receptor 3

suppress neutrophil extracellular traps production and thrombosis during sepsis. Front
Immunol. (2022) 13:844781. doi: 10.3389/fimmu.2022.844781

28. Drobnik W, Liebisch G, Audebert FX, Frohlich D, Gluck T, Vogel P, et al. Plasma
ceramide and lysophosphatidylcholine inversely correlate with mortality in sepsis
patients. J Lipid Res. (2003) 44:754-61. doi: 10.1194/j1r.M200401-JLR200

29. Park DW, Kwak DS, Park YY, Chang Y, Huh JW, Lim CM, et al. Impact of serial
measurements of lysophosphatidylcholine on 28-day mortality prediction in patients
admitted to the intensive care unit with severe sepsis or septic shock. J Crit Care. (2014)
29:882.¢5-11. doi: 10.1016/j.jcrc.2014.05.003

30. Park JM, Noh JY, Kim MJ, Yun TG, Lee SG, Chung KS, et al. MALDI-TOF mass
spectrometry based on parylene-matrix chip for the analysis of
lysophosphatidylcholine in sepsis patient sera. Anal Chem. (2019) 91:14719-27.
doi: 10.1021/acs.analchem.9b04019

31. Chien HY, Lu CS, Chuang KH, Kao PH, Wu YL. Attenuation of LPS-induced
cyclooxygenase-2 and inducible NO synthase expression by lysophosphatidic acid in
macrophages. Innate Immun. (2015) 21:635-46. doi: 10.1177/1753425915576345

32. Onorato JM, Shipkova P, Minnich A, Aubry AF, Easter ], Tymiak A. Challenges
in accurate quantitation of lysophosphatidic acids in human biofluids. J Lipid Res.
(2014) 55:1784-96. doi: 10.1194/j1r.D050070

33. Nikitopoulou I, Katsifa A, Kanellopoulou P, Jahaj E, Vassiliou AG, Mastora Z,
et al. Autotaxin has a negative role in systemic inflammation. Int ] Mol Sci. (2022) 23:10.
doi: 10.3390/ijms23147920

34. Ahn WG, Jung JS, Kwon HY, Song DK. Alteration of lysophosphatidylcholine-
related metabolic parameters in the plasma of mice with experimental sepsis.
Inflammation. (2017) 40:537-45. doi: 10.1007/s10753-016-0500-6

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1725394/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1725394/full#supplementary-material
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.3390/ijms20215376
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.3390/epidemiologia5030032
https://doi.org/10.1038/pr.2017.134
https://doi.org/10.1093/cid/ciu750
https://doi.org/10.1371/journal.pone.0227652
https://doi.org/10.1371/journal.pone.0227652
https://doi.org/10.1017/ice.2023.156
https://doi.org/10.1016/j.pharmthera.2023.108421
https://doi.org/10.1016/j.pharmthera.2023.108421
https://doi.org/10.1016/j.prostaglandins.2009.02.002
https://doi.org/10.1038/s41392-020-00367-5
https://doi.org/10.1038/s41392-020-00367-5
https://doi.org/10.2217/clp.11.38
https://doi.org/10.2119/2007-00106.Fan
https://doi.org/10.1007/s10753-017-0612-7
https://doi.org/10.1002/JLB.2A0918-368RR
https://doi.org/10.1002/JLB.2A0918-368RR
https://doi.org/10.1016/S0140-6736(18)30696-2
https://doi.org/10.1038/s41581-018-0005-7
https://doi.org/10.3390/diseases12040072
https://doi.org/10.1097/MEJ.0000000000001235
https://doi.org/10.1097/MEJ.0000000000001235
https://doi.org/10.26355/eurrev_202308_33292
https://doi.org/10.1016/j.trim.2022.101675
https://doi.org/10.1016/j.trim.2022.101675
https://doi.org/10.1308/rcsann.2022.0053
https://doi.org/10.1308/rcsann.2022.0053
https://doi.org/10.3389/fped.2025.1555671
https://doi.org/10.1007/s00134-019-05878-6
https://doi.org/10.1111/aas.14045
https://doi.org/10.1016/j.ejmech.2021.113574
https://doi.org/10.3389/fimmu.2022.844781
https://doi.org/10.1194/jlr.M200401-JLR200
https://doi.org/10.1016/j.jcrc.2014.05.003
https://doi.org/10.1021/acs.analchem.9b04019
https://doi.org/10.1177/1753425915576345
https://doi.org/10.1194/jlr.D050070
https://doi.org/10.3390/ijms23147920
https://doi.org/10.1007/s10753-016-0500-6
https://doi.org/10.3389/fimmu.2025.1725394
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Lysophosphatidic acid: a promising biomarker for diagnosing sepsis and predicting in-hospital mortality
	Introduction
	Methods
	Study design and population
	Detecting plasma LPA levels
	Data collection
	Statistical analysis

	Results
	Study population characteristics
	Correlation between LPA and clinical indicators
	Relationship of LPA levels with the risk of sepsis and In-hospital mortality
	Clinical value of LPA in sepsis diagnosis and In-hospital mortality risk prediction

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References




