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Abstract 

Background  Sphingomyelin phosphodiesterase acid-like 3B (SMPDL3B) is emerging as a potential biomarker 
and therapeutic target in myalgic encephalomyelitis (ME), a complex multisystem disorder characterized by immune 
dysfunction, metabolic disturbances, and persistent fatigue. This study investigates the role of SMPDL3B in ME patho‑
physiology and explores its clinical relevance.

Methods  A case–control study was conducted in two independent cohorts: a Canadian cohort (249 ME patients, 63 
controls) and a Norwegian replication cohort (141 ME patients). Plasma and membrane-bound SMPDL3B levels were 
quantified using ELISA and flow cytometry. Gene expression of SMPDL3B and PLCXD1, encoding phosphatidylinositol-
specific phospholipase C (PI-PLC), was analyzed by qPCR. The effects of dipeptidyl peptidase-4 (DPP-4) inhibitors—
vildagliptin, saxagliptin, and linagliptin—on modulation of membrane-bound and soluble SMPDL3B were assessed 
in vitro by qPCR, flow cytometry and ELISA.

Results  ME patients exhibited significantly elevated plasma SMPDL3B levels, which correlated with symptom sever‑
ity. Flow cytometry revealed a reduction in membrane-bound SMPDL3B in monocytes, accompanied by increased 
PLCXD1 expression and elevated plasma levels of PI-PLC and SMPDL3B. These findings suggest that immune dysregu‑
lation in ME may be linked to enhanced cleavage of membrane-bound SMPDL3B by PI-PLC. Sex-specific differences 
were observed, with female ME patients displaying higher plasma SMPDL3B levels, an effect influenced by estrogen. 
In vitro, estradiol upregulated SMPDL3B expression, indicating hormonal regulation. Vildagliptin and saxagliptin were 
tested for their potential to inhibit PI-PLC activity independently of their role as DPP-4 inhibitors, and restored mem‑
brane-bound SMPDL3B while reduced its soluble form.

Conclusions  SMPDL3B emerges as a key biomarker for ME severity and immune dysregulation, with its activity influ‑
enced by hormonal and PI-PLC regulation. The ability of vildagliptin and saxagliptin to preserve membrane-bound 
SMPDL3B and reduce its soluble form via PI-PLC inhibition suggests a novel therapeutic strategy. These findings war‑
rant clinical trials to evaluate their potential in mitigating immune dysfunction and symptom burden in ME.
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Background
Myalgic encephalomyelitis (ME), also referred to as 
chronic fatigue syndrome (CFS), is a debilitating multi-
system disorder of unknown etiology that affects mil-
lions worldwide, with a higher prevalence in women (4:1 
ratio) [1]. ME is characterized by persistent fatigue, post-
exertional malaise (PEM), dysautonomia, sleep distur-
bances, cognitive impairment, and immune dysfunction. 
Despite its profound impact on quality of life, no specific 
biomarkers or diagnostic tests are currently available, 
reflecting the limited understanding of its underlying 
pathophysiology [2]. Environmental triggers, including 
viral and bacterial infections or chemical exposures, have 
been implicated in disease onset, but the mechanisms 
driving disease progression remain unclear [2].

Immune dysfunction is a hallmark of ME, with patients 
frequently exhibiting altered T-cell responses, impaired 
natural killer (NK) cell activity, and dysregulated cytokine 
production, often marked by elevated pro-inflammatory 
cytokines [3]. In parallel, emerging evidence highlights 
metabolic abnormalities, particularly in lipid metabo-
lism, as key contributors to disease pathology [4, 5]. Dis-
ruptions in energy production, lipid signaling pathways, 
and mitochondrial function have been linked to fatigue, 
cognitive impairment, and other ME symptoms [6, 7].

Sphingomyelin phosphodiesterase acid-like 3B (SMP-
DL3B) is a key immune-regulatory protein [8] involved 
in sphingolipid metabolism, a signaling network that gov-
erns essential cellular processes such as growth, differen-
tiation, apoptosis, and inflammation [8]. SMPDL3B, when 
membrane-anchored, exerts a dual regulatory function in 
innate immune signaling by inhibiting TLR4 activation 
[8] while simultaneously enhancing TLR3 signaling [9]. 
In the TLR4 pathway, membrane-bound SMPDL3B mod-
ulates lipid raft composition, reducing membrane fluidity 
and limiting receptor clustering. This structural regula-
tion dampens inflammatory responses, thereby curbing 
excessive release of pro-inflammatory cytokines such as 
TNF-α and IL-6. Conversely, SMPDL3B promotes TLR3 
activation by stabilizing the receptor complex within 
specialized membrane microdomains, enhancing type I 
interferon (IFN-β) production and supporting antiviral 
immunity [8]. Increased cleavage of membrane-bound 
SMPDL3B by plasma phosphatidylinositol-specific phos-
pholipase C (PI-PLC), encoded by the PLCDX1 gene, may 
disrupt immune regulation by simultaneously amplifying 
TLR4-driven inflammation and impairing TLR3-medi-
ated antiviral defenses. This dual effect could contribute 
to immune dysregulation, a hallmark of ME pathophysi-
ology. Given that chronic immune dysfunction, excessive 
inflammation, and impaired antiviral responses are cen-
tral features of ME, the dysregulation of SMPDL3B may 
play a pivotal role in disease progression.

This study examines SMPDL3B levels and its regu-
latory mechanisms in well-characterized ME patient 
cohorts to assess its potential as a biomarker for dis-
ease severity and its role in ME pathophysiology. Given 
the emerging evidence of SMPDL3B’s involvement in 
immune regulation, we hypothesize that dysregulated 
cleavage of membrane-bound SMPDL3B by PI-PLC 
contributes to ME-associated immune dysfunction by 
disrupting TLR-mediated signaling, leading to exces-
sive inflammation and impaired antiviral responses. 
Furthermore, we propose that pharmacological inhibi-
tion of PI-PLC can restore immune homeostasis by pre-
serving membrane-bound SMPDL3B, offering a novel 
therapeutic strategy for ME.

Methods
Study populations
This case–control study utilized two independent pro-
spective cohorts to investigate the role of SMPDL3B 
in ME pathophysiology. The Canadian cohort included 
249 ME patients (208 females, 41 males) and 63 seden-
tary healthy controls (HC) (33 females, 30 males). 

HC were included in the study if they met the follow-
ing criteria: (1) over 18 years of age; (2) self-identified 
as Caucasian of European ancestry; (3) reported a sed-
entary lifestyle, defined as engaging in less than two 
hour of moderate-intensity exercise per week; and (4) 
had no personal or family history of ME. Controls were 
frequency-matched to the ME patient group based on 
age and sex distribution at the group level.

All the participants were recruited before the 
COVID-19 pandemic (Table  1). ME patients were 
diagnosed using the Canadian Consensus Criteria. 
All participants were over 18  years old and self-iden-
tified as Caucasian of European ancestry. The study 
was approved by the Institutional Review Board of 
CHU Sainte-Justine (protocol #4047), and all partici-
pants provided written informed consent. All proce-
dures followed ethical guidelines and human research 
regulations.

For replication, plasma samples were obtained from 
a Norwegian cohort of 141 ME patients (119 females, 
22 males), all diagnosed according to the Canadian 
Consensus Criteria. These samples were collected at 
Haukeland University Hospital as part of a previous 
study conducted between 2014 and 2017 [ClinicalTri-
als.gov NCT02229942, 2014–2017; [10]], with partici-
pants providing informed consent under that study’s 
protocol. To account for potential biological influences 
on ME prevalence, symptomatology, and clinical out-
comes, a sex-disaggregated analysis was performed.
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Plasma and peripheral blood mononuclear cells (PBMCs) 
collection
Peripheral blood samples were collected from Canadian 
cohort participants via median cubital vein venipuncture 
into EDTA-treated tubes to prevent coagulation. Whole 
blood was centrifuged at 215×g for 10  min, after which 
plasma was aliquoted and stored at − 80 °C until further 
analysis. To isolate PBMCs, the remaining fraction was 
diluted with a balanced salt solution (Wisent Inc., Saint-
Jean-Baptiste, QC, Canada), layered onto lymphocyte 
separation media (Wisent), and centrifuged at 400×g for 
30 min. The resulting PBMC ring was collected, washed 
in complete RPMI 1640 media (Wisent), and centrifuged 
at 250×g for 7 min. The final cell pellet was resuspended 
in a cryopreservation solution consisting of RPMI 1640 
media supplemented with 40% fetal bovine serum (FBS) 
(Thermo Fisher Scientific), 10% dimethyl sulfoxide, 
DMSO (Sigma Aldrich, St. Louis, MO, USA), and 1% 
antibiotic–antimycotic (Wisent). Cells were then stored 
in liquid nitrogen for further analysis.

Evaluation of participant’s health status, ME symptoms 
and disease severity
Health status and symptom severity were assessed 
using standardized questionnaires. Canadian cohort 
participants completed the 36-Item Short-Form Health 
Survey (SF-36), Multidimensional Fatigue Inventory 

(MFI-20), and DePaul Symptom Questionnaire (DSQ). 
SF-36 provides an overview of physical and mental 
health status [11]. MFI-20 evaluates fatigue across five 
domains: General Fatigue, Physical Fatigue, Reduced 
Activity, Reduced Motivation, and Mental Fatigue, 
with total scores used to determine disease severity 
[12]. The DSQ assesses symptom frequency and groups 
responses into four factors: Neuroendocrine, Auto-
nomic and Immune Dysfunction, Cognitive Dysfunc-
tion, Post-Exertional Malaise, and Sleep Disturbances 
[13]. Disease severity in the Norwegian cohort was 
determined by the investigating physician based on a 
standardized clinical assessment [10]. The criteria for 
the five categories were as follows: Mild ME: Activity 
level reduced by ≥ 50% pre-illness, mobile, can do light 
household tasks, may work part-time with cost, needs 
rest days; Mild/Moderate ME: Mostly housebound, 
significantly reduced activities with occasional bet-
ter days; Moderate ME: Mostly housebound, signifi-
cantly reduced activities, unable to work/study, needs 
daily rest, poor sleep. Moderate/Severe ME: Mostly 
immobile, very limited capacity for self-care; Severe 
ME: Immobile most of the day (bed-sofa), very lim-
ited self-care, rarely leaves home, severe PEM, may 
have sensory sensitivities. Patients with very severe ME 
(bedbound 24/7 and needing full care) were excluded 
from this categorization. [10]. Since the Canadian and 
Norwegian cohorts did not use the exact same set of 

Table 1  Demographic and clinical characteristics of participants

BMI Body Mass Index

Data were expressed in mean ± standard error of the mean. Statistical comparisons were performed between Canadian ME patients, Canadian healthy controls, and 
Norwegian ME patients. Age and BMI were compared using a Kruskal–Wallis test, followed by post hoc analysis when appropriate. Disease duration was compared 
between Canadian and Norwegian ME patients using Mann–Whitney U test

N (women:men) Age (years) BMI (kg/m2) Disease 
duration 
(years)

Canadian cohort

 All ME patients 249 47.9 ± 0.8 26.1 ± 0.4 7.1 ± 0.6

 Female ME patients 208 48.9 ± 0.8 26.0 ± 0.4 6.8 ± 0.4

 Male ME patients 41 46.9 ± 2.1 26.2 ± 0.5 7.4 ± 0.3

 All HC 63 49.0 ± 1.4 25.3 ± 0.7 NA

 Female HC 33 50.0 ± 2.1 23.9 ± 1.0

 Male HC 30 48.0 ± 2.0 26.7 ± 0.6

Norwegian cohort

 All ME patients 141 36.8 ± 1.0 25.0 ± 0.4 7.5 ± 0.1

 Female ME patients 119 36.8 ± 1.0 25.0 ± 0.5 7.5 ± 0.3

 Male ME patients 22 36.7 ± 2.3 25.1 ± 0.7 7.6 ± 0.6

p-value

 All  < 0.0001**** 0.0763 0.1966

 Female  < 0.0001**** 0.3421 0.1316

 Male 0.0063** 0.3437 0.8757
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questionnaires, we analyzed the cohorts separately 
using their respective classifications.

Measurement of plasma SMPDL3B and PI‑PLC levels
Plasma SMPDL3B levels were quantified using a sand-
wich enzyme-linked immunosorbent assay (ELISA) kit 
(Cat. ABX585223, Abbexa Ltd, Cambridge, UK) follow-
ing the manufacturer’s protocol. All samples were ana-
lyzed in duplicate to ensure accuracy, and mean values 
were used for analysis. PI-PLC levels were measured 
using a commercial ELISA kit (Cat. MBS038525-96, 
MyBioSource, San Diego, CA, USA) according to the 
manufacturer’s instructions. Duplicate readings were 
averaged for analysis.

Quantitative PCR for SMPDL3B, PLCXD1, and IL‑6 gene 
expression
Relative gene expression of SMPDL3B, PLCXD1 (encod-
ing PI-PLC), and IL-6 was assessed using quantita-
tive PCR (qPCR) with TaqMan probes. Total RNA was 
extracted from PBMCs using TRIzol reagent (Thermo 
Fisher Scientific, Waltham, MA, USA) following the 
manufacturer’s protocol. RNA concentration and purity 
were evaluated using a Nanodrop spectrophotometer 
(TM1000, Thermo Fisher Scientific). Complementary 
DNA (cDNA) synthesis was performed using 1  µg of 
total RNA and the All-In-One 5 × MasterMix (Cat. G592, 
Applied Biological Materials, Richmond, BC, Canada).

qPCR reactions were performed in 10 µL volumes 
using TaqMan Universal Master Mix (Thermo Fisher 
Scientific), target-specific TaqMan assays (SMPDL3B: 
Hs00205522_m1, PLCXD1: Hs00895227_m1, IL-6: 
Hs00174131_m1, GAPDH: Hs02786624_g1), and a 
QuantStudio 3 Real-Time PCR System (Thermo Fisher 
Scientific). Cycling conditions were: 50  °C for 2  min, 
95 °C for 10 min, followed by 40 cycles of 95 °C for 15 s 
and 60  °C for 1  min. Gene expression was calculated 
using the comparative Ct method (2^−ΔΔCt), normalizing 
to GAPDH. All reactions were performed in duplicate, 
with negative controls (nuclease free water) included to 
rule out contamination.

Flow cytometry for detection of membrane‑anchored 
SMPDL3B
Cryopreserved PBMCs from a subset of participants in 
the Canadian cohort, consisting of 27 ME patients and 
9 HC, were thawed, washed, and incubated overnight 
in RPMI 1640 medium (Wisent) with 10% FBS (Thermo 
Fisher Scientific) and 1% antibiotic–antimycotic (Wisent) 
using 3 million of cells per patient and healthy con-
trols (1.5 million for the staining and 1.5 million for the 
unstained part). Cells were stained using a 1:25 dilution 
of monoclonal anti-SMPDL3B antibody (LS-C132144, 

LifeSpan BioSciences Inc., Lynnwood WA, USA), with 
Alexa Fluor 488-conjugated secondary antibody (Cat. 
A11029, 1:50 dilution, Thermo Fisher Scientific) used for 
detection. Isotype controls were included to account for 
non-specific binding. Samples were analyzed using a BD 
Fortessa flow cytometer (BD Biosciences, Franklin Lakes, 
NJ, USA), and mean fluorescence intensity (MFI) was 
quantified using FlowJo software (v10.10, FlowJo LLC, 
Ashland, OR, USA). During the analysis, viability and 
doublet exclusion were considered, and only viable sin-
glet cells were included. Calibration was performed using 
the QIFIKIT quantitative analysis kit (Cat. K007811-8, 
Dako, Glostrup, Denmark).

Western blot
Jurkat cells were treated with Diarylpropionitrile (DPN, 
Tocris, Bristol, UK), a selective Estrogen Receptor β 
(ERβ) agonist, to assess estrogen-mediated SMPDL3B 
regulation for 18 h. Cells were lsed using RIPA buffer 
with protease inhibitors, and protein concentration was 
determined using the Bio-Rad Protein Assay Dye (Cat. 
5000006, Bio-Rad Laboratories, Hercules, CA, USA). 
Proteins were separated via 10% SDS-PAGE, transferred 
to PVDF membranes (Bio-Rad), and blocked with 10% 
Bovine Serum Albumin (BSA) in PBS-Tween 0.2%. Mem-
branes were incubated overnight at 4 °C with SMPDL3B 
(Proteintech, Rosemont, IL, USA). The next day, the 
membrane was stripped using a mild stripping buffer 
composed of 15 g/L glycine, 1 g/L SDS and 0.01% Tween 
20. The membrane was incubated twice in fresh buffer 
for 10 min, followed by two washes in 1X PBS and two 
washes in 1X TBST. The membrane was then incubated 
overnight with β-actin antibody (Cat. Sc47778, 1:1000 
dilution, Santa Cruz Biotechnology, Dallas, TX, USA) 
antibodies, followed by goat anti-rabbit HRP-conjugated 
secondary antibody (Cat. 31462, 1:5000 dilution, Thermo 
Fisher Scientific). Protein bands were visualized using 
ChemiDoc MP Imaging System (Bio-Rad).

In vitro TLR4 challenge with LPS
PBMCs were isolated from four ME patients and four 
healthy controls, selected based on lower levels of mem-
brane-anchored SMPDL3B compared to healthy subjects. 
Cells were stimulated for 4 h with increasing concentra-
tions of lipopolysaccharides (LPS, TLR4 agonist, Cat. 
L7895-1MG, Sigma- Aldrich) at 0.4, 1, and 2 µg/mL. 
After stimulation, RNA was extracted from a portion 
of the cells for RT-qPCR to evaluate IL-6 and PLCXD1 
expression. Another portion was lysed using RIPA buffer 
supplemented with a protease inhibitor cocktail, and the 
supernatant was collected for SMPDL3B quantification 
by ELISA. SMPDL3B levels were assessed in both cell 
lysates and supernatants by ELISA method.
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In vitro experiments with PI‑PLC pharmacological 
inhibitors
Our initial search for potential PI-PLC inhibitors among 
FDA- or Health Canada-approved molecules did not 
identify any suitable candidates. However, further explo-
ration revealed vildagliptin, a dipeptidyl-peptidase-4 
(DPP-4) inhibitor previously reported to inhibit Bacil-
lus cereus PI-PLC at micromolar concentrations, as a 
promising candidate [14]. To investigate this potential, 
we conducted in vitro experiments using PBMCs isolated 
from healthy individuals. This experimental setup ena-
bled us to directly assess the effects of vildagliptin and 
two related DPP-4 inhibitors on SMPDL3B modulation. 
Saxagliptin was selected due to its structural similarity to 
vildagliptin, suggesting a potential capacity to inhibit PI-
PLC activity, while linagliptin, with a distinct molecular 
structure, served as a negative control.

PBMCs were treated with increasing concentrations 
(25, 50, and 100 µM) of vildagliptin (Cat. SML2302-
50MG, Sigma-Aldrich), saxagliptin (Cat. 23697-10, Cay-
man Chemical’s, Ann Arbor, MI, USA), and linagliptin 
(Cat. SML3619-10MG, Sigma-Aldrich), all reconsti-
tuted in DMSO (Cat. D2650-100 mL, Sigma-Aldrich). 
Untreated cells received only the vehicle (DMSO). 
PBMCs were seeded in 12-well culture plates, at a con-
centration of 1.3 × 106 cells/well. After an 18-h treat-
ment period, cells and culture media were harvested for 
further analysis. To evaluate the effects on SMPDL3B 
gene expression, total RNA was extracted from treated 
PBMCs, and the relative expression of SMPDL3B and 
PLCXD1 genes was quantified using RT-qPCR. Addi-
tionally, the impact on membrane-bound SMPDL3B was 
assessed by staining the cells with fluorescently labeled 
anti-SMPDL3B antibodies followed by flow cytometry 
analysis, as detailed above. Finally, to measure solu-
ble SMPDL3B released into the culture medium (RPMI 
1640), cell-free supernatants were collected and meas-
ured by ELISA.

Statistical analysis
Data were expressed as mean ± standard error of the 
mean (SEM). For comparisons between two groups, 
the Mann–Whitney U test was used. For comparisons 
involving more than two groups, the Kruskal–Wallis test 
was performed, followed by Dunn’s post hoc test with 
multiple comparison correction. Since the data were not 
normally distributed, Spearman’s correlation coefficient 
was used to assess variable associations. A P-value ≤ 0.05 
was considered statistically significant. To investigate the 
relationship between SMPDL3B levels and disease sever-
ity, a threshold of 30 ng/mL was established for the Cana-
dian cohort using a Random Forest model implemented 
in Python with the open-source scikit-learn library 

(version 1.6.1). This threshold was derived from symp-
tom severity scores obtained across three validated ques-
tionnaires: MFI-20, SF-36, and DSQ. Model performance 
and threshold stability were assessed using k-fold cross-
validation, by obtaining the corresponding ROC curve, 
sensitivity, and specificity. Additionally, a multivariate 
logistic regression analysis was conducted to assess the 
influence of sex, age, and estrogen use on plasma SMP-
DL3B levels. Variables were included simultaneously in 
the model, and odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated.

Results
Clinical and demographic data of study participants
The clinical and demographic characteristics of the Cana-
dian and Norwegian cohorts are summarized in Table 1. 
The study design is illustrated in Fig. 1. The sex distribu-
tion in both cohorts reflects the well-documented higher 
prevalence of ME in women, with females comprising 
83% of the Canadian cohort and 84% of the Norwegian 
cohort. Given that sex is a crucial biological variable 
influencing immune responses and disease susceptibility, 
its consideration in ME is essential [15]. There were no 
significant differences in body mass index (BMI) or age 
between ME patients and HC in the Canadian cohort. 
Similarly, illness duration did not significantly differ 
between the Canadian and Norwegian ME cohorts. How-
ever, the Canadian cohort was significantly older than the 
Norwegian cohort (p < 0.0001, Supplementary Fig. S1). 
The prevalence of several comorbidities within Canadian 
ME cohort (n = 249), the Canadian Healthy Control (HC) 
group (n = 63), and the Norwegian ME cohort (n = 141) 
is detailed in Supplementary Table  S2. In the Canadian 
ME cohort, the most frequent comorbidities reported 
were allergy (38.2%), fibromyalgia (35.7%), and anxiety 
(31.3%), followed closely by depression (30.9%). Hypothy-
roidism was reported in a smaller percentage (2.4%). The 
HC group in Canada showed a lower prevalence of most 
comorbidities compared to the ME group, with allergy 
being the most common (27.0%), followed by anxiety 
(12.7%) and depression (11.1%). Fibromyalgia was absent 
in the HC group. In the Norwegian ME cohort, allergy 
was also highly prevalent (39.7%), followed by other 
comorbidities (18.4%), anxiety (9.9%), depression (8.5%), 
hypothyroidism (5.7%), and fibromyalgia (7.8%).

Association between circulating SMPDL3B levels and ME 
severity
Plasma SMPDL3B levels were significantly elevated in 
ME patients compared to HC in the Canadian cohort 
(Fig. 2a), suggesting a potential role for SMPDL3B in ME 
pathophysiology. To evaluate the variability of circulat-
ing SMPDL3B levels among ME patients and explore its 
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Fig. 1  Illustration of the experimental study design. ME encephalomyelitis, HC healthy controls, MFI-20 Multidimensional Fatigue Inventory, SF-36 
36-Item Short-Form Health Survey, DSQ DePaul Symptom Questionnaire

Fig. 2  Influence of covariates on plasma SMPDL3B levels and symptom severity in ME patients. a Plasma levels of SMPDL3B in ME patients (n = 249) 
and healthy controls (n = 63) from the Canadian cohort. Plasma SMPDL3B levels in Canadian cohort, stratified by SMPDL3B levels using a threshold 
of 30 ng/mL (n = 118 and n = 131), showing the physical scores of SF-36 questionnaire (b), reduced activity scores of MFI-20 questionnaire (c), 
PEM scores of DSQ questionnaire (d), severity scores of MFI-20 questionnaire (e), cognitive exhaustion score of DPEMQ questionnaire (f), pain 
or aching in your muscles score of DSQ questionnaire (g), and the bladder problems score of DSQ questionnaire (h). i Plasma levels of SMPDL3B 
in different groups of patients with ME from the Norwegian cohort grouped by symptom severity (n = 16 for mild, n = 40 for mild/moderate, 
n = 41 for moderate, n = 22 moderate/severe and n = 21 severe). Disease severity was determined based on clinical assessments incorporating 
standardized and trial-specific questionnaires. j Plasma SMPDL3B levels in ME Canadian, ME Norwegian and healthy control female participants 
(n = 208, n = 119 and n = 33 respectively) and males (n = 41, n = 22 and n = 30 respectively). k Plasma concentrations of SMPDL3B in Canadian female 
ME participants across different age groups (n = 16 for 18–30 years, n = 97 for 31–50 for years, n = 95 for 51 years and up). l Plasma concentrations 
of SMPDL3B in Norwegian female ME participants across different age groups (n = 37 for 18–30 years, n = 65 31–50 for years, n = 16 for 51 years 
and up). m Plasma levels of SMPDL3B in Canadian female participants with or without oral contraceptive use (n = 176 and n = 32 respectively). n 
Plasma levels of SMPDL3B in Norwegian female participants with or without oral contraceptive use (n = 88 and n = 31 respectively). An unpaired 
T test was performed when comparing two groups. For comparisons between two groups, the Mann–Whitney U test was used. For comparisons 
involving more than two groups, the Kruskal–Wallis test was performed, followed by Dunn’s post hoc test with multiple comparison correction 
where appropriate. Differences were found to be significant at *P < 0.05, **P < 0.01, *** P-value < 0.001 and ****P < 0.0001
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potential as a biomarker for disease severity, we stratified 
the Canadian cohort into high and low plasma SMPDL3B 
level groups using a 30 ng/mL threshold (Supplementary 
Table  S1). This threshold was determined using ROC 
curve analysis applied to the entire Canadian cohort. By 
optimizing for both sensitivity and specificity through 
k-fold cross-validation using a Random Forest model, we 
obtained an AUC of 0.84 (Supplementary Fig. S2), with 
a specificity of 87% and a sensitivity of 77% at a thresh-
old of 30 ng/mL. These results confirm the robustness of 
SMPDL3B as a biomarker for stratifying disease sever-
ity based on multiple symptom scores from the MFI-20, 
SF-36, and DSQ questionnaires.

This threshold offers a simple binary classification, 
which can be useful in a clinical setting for quick screen-
ing or stratification. Patients with plasma SMPDL3B 
levels above 30 ng/mL exhibited significantly greater 
symptom burden and disease severity, as reflected by 
lower SF-36 scores and higher MFI-20 and DSQ scores. 
We aimed to validate our findings from the Canadian 
cohort using the independent Norwegian cohort. To this 
end, we calculated a ROC curve to assess the associa-
tion between SMPDL3B levels and severity scores. This 
analysis yielded an AUC of 0.73, with a sensitivity of 75% 
and a specificity of 79%, supporting the reproducibil-
ity of the association between elevated SMPDL3B lev-
els and increased symptom severity in an independent 
population.

Disease severity was classified into five categories 
(mild, mild/moderate, moderate, moderate/severe, 
severe) in the Norwegian cohort based on standardized 
clinical assessments, including Fatigue Scale, and Clinical 
Trial Questionnaire scores. Consistent with findings in 
the Canadian cohort, plasma SMPDL3B levels were sig-
nificantly higher in the severe ME group compared to the 
mild ME group (Fig. 2b, p < 0.05).

Influence of sex, age, and estrogen on SMPDL3B levels
Sex, age, and hormonal factors were examined as poten-
tial modulators of SMPDL3B levels. Women exhib-
ited significantly higher circulating SMPDL3B levels 
than men in both cohorts (Fig.  2c), consistent with the 
higher prevalence of ME in women. Given the observed 
sex imbalance in both cohorts, we independently exam-
ined the association of higher plasma SMPDL3B levels 
(≥ 30 ng/mL) with distinct symptom patterns in women 
and men. Among women, elevated levels were signifi-
cantly linked to greater severity across multiple domains, 
including physical function, reduced activity, physical 
fatigue, post-exertional malaise and overall severity. In 
contrast, among men, higher SMPDL3B levels were pri-
marily associated with increased overall symptom sever-
ity and reduced motivation (Supplementary Table  S3). 

Notably, independent of SMPDL3B levels, women gen-
erally exhibited higher overall disease severity than men. 
Specifically, female ME patients presented with greater 
cognitive disturbances, sleep disturbances, autonomic 
symptoms, post-exertional malaise, and higher physical 
symptom scores. Conversely, men reported lower over-
all severity scores but exhibited higher reduced moti-
vation compared to women (Supplementary Table  S4). 
Further analysis revealed an age-dependent decline in 
plasma SMPDL3B concentrations, with the highest levels 
observed in patients aged 18–30 years, followed by a pro-
gressive decline with age (Fig. 2d–e).

In the logistic regression analysis accounting for age, 
sex, and plasma SMPDL3B levels, we found that for every 
50 ng/mL increase in plasma SMPDL3B levels, patients 
had three times higher odds (OR = 3.0, 95% CI [2.0–4.4], 
p < 0.001) of experiencing greater disease severity. Nota-
bly, age did not significantly affect severity (p = 0.566). 
However, this association was primarily observed in 
female patients, who comprised 84% of the cohort 
(p < 0.001). Due to the small sample size of male patients, 
logistic regression could not be reliably performed in this 
subgroup, precluding the calculation of an odds ratio 
specific to men. The insufficient statistical power in this 
group highlights the need for larger, sex-stratified stud-
ies to confirm these findings. These results suggest that 
plasma SMPDL3B levels are associated with disease 
severity, particularly in female patients. Further studies 
are needed to validate this association and to elucidate 
the potential influence of sex hormones on SMPDL3B 
regulation, which we further explore in this study.

Estradiol modulates SMPDL3B levels in vitro
Given the observed sex differences and the higher prev-
alence of ME in women, we investigated the role of 
estrogen in regulating SMPDL3B levels. Women using 
oral contraceptives, which contain synthetic estrogen 
and progestin, exhibited higher plasma SMPDL3B lev-
els compared to non-users in both cohorts (Fig.  2f–g), 
whereas menopausal women, who have lower estrogen 
levels, displayed reduced plasma SMPDL3B levels [16]. 
To further explore the regulatory effects of estrogen, 
we treated Jurkat cells (human immortalized T lym-
phocytes) with estradiol in a dose-dependent manner 
(0.25–1 nM). Western blot analysis revealed a significant 
increase in total SMPDL3B protein levels in cell lysates 
following estradiol treatment, with β-actin levels remain-
ing unchanged (Supplementary Fig. S3a–b). Addition-
ally, estradiol modulated soluble SMPDL3B levels in the 
culture media, suggesting that estrogen influences both 
SMPDL3B expression and its extracellular release (Sup-
plementary Fig. S3c). To quantitatively confirm these 
results, we measured SMPDL3B and PI-PLC levels 
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using ELISA (Supplementary Fig. S3d–e). We observed 
increased SMPDL3B production at 0.25 and 0.5 nM of 
estradiol, with a peak in PI-PLC levels at 0.25 nM in the 
cell lysates. In the culture media, the highest levels of 
SMPDL3B and PI-PLC were detected at 0.85 and 1 nM 
extracellularly. These findings support a mechanistic link 
between estrogen signaling and SMPDL3B regulation, 
which may contribute to the observed sex differences in 
ME.

Modulation of membrane‑bound and soluble SMPDL3B 
protein levels in PBMCs
Flow cytometry analysis revealed that membrane-bound 
SMPDL3B was more abundant on monocytes than on 
lymphocytes in both ME and HC groups (Supplementary 
Fig. S4). However, ME patients exhibited significantly 
reduced membrane-bound SMPDL3B on monocytes 
compared to HC (Fig.  3a), with a more pronounced 
reduction in those with high circulating SMPDL3B lev-
els (> 30 ng/mL) (Fig. 3b). Additionally, women with ME 
showed higher levels of membrane-bound SMPDL3B on 
monocytes than men with ME (Fig.  3c). This sex-based 
difference may be attributed to a reduced SMPDL3B 
gene expression in men with ME compared to women 
with ME (Supplementary Fig. S5a). Despite higher SMP-
DL3B expression, membrane-bound levels remained 
lower in women with ME compared to healthy women, 
and a similar trend was observed in men with ME com-
pared to healthy men (Supplementary Fig. S5b). Further-
more, ME patients using oral contraceptives exhibited 
reduced SMPDL3B levels at the surface of their mono-
cytes (Fig.  3d), consistent with our in  vitro estradiol 
experiments (Supplementary Fig. S3). Given the elevated 
SMPDL3B gene expression in ME patients (Fig. 3e), the 
observed reduction in membrane-bound SMPDL3B was 
unlikely due to transcriptional downregulation.

To investigate the mechanism underlying the loss of 
membrane-bound SMPDL3B, we examined the role 
of phosphatidylinositol-specific phospholipase C (PI-
PLC), encoded by PLCXD1 gene. PI-PLC cleaves glyco-
sylphosphatidylinositol (GPI) anchors, leading to the 
release of GPI-anchored proteins from cellular mem-
branes. Experimental evidence confirmed that PI-PLC 
treatment releases SMPDL3B from membranes, verify-
ing its GPI-anchored status [8]. ME patients exhibited 
significantly upregulated PLCXD1 expression (Fig.  3e), 
which positively correlated with SMPDL3B gene expres-
sion (Supplementary Fig. S6a) and plasma SMPDL3B 
levels (Supplementary Fig. S6c), while negatively cor-
relating with membrane-bound SMPDL3B levels (Sup-
plementary Fig. S6b). Notably, men with ME exhibited 
lower PLCXD1 expression than women with ME (Sup-
plementary Fig. S5a), suggesting a potential sex-based 

regulatory mechanism. The overall lower levels of mem-
brane-anchored SMPDL3B in male ME patients can 
be attributed to their reduced SMPDL3B expression 
(Fig. 3f ).

Functional consequences of reduced membrane‑bound 
SMPDL3B levels
To examine the functional impact of reduced mem-
brane-bound SMPDL3B, we assessed TLR4-mediated 
cytokine production. PBMCs from ME patients exhib-
ited increased IL-6 production following LPS stimulation 
compared to HC (Fig. 3g). Additionally, LPS stimulation 
increased soluble SMPDL3B levels in ME patient PBMC 
culture media (Fig.  3h), linking reduced membrane-
bound SMPDL3B to heightened inflammatory responses. 
As previously shown, SMPDL3B inhibits TLR4, but 
when increasing doses of recombinant SMPDL3B were 
added to LPS-stimulated PBMCs, activation of TLR4 by 
LPS was not inhibited, and IL-6 expression remains high 
(Supplementary Fig. S7). This suggests that the soluble 
form of SMPDL3B does not play the same role as the 
anchored form.

Contribution of PI‑PLC in TLR4 signaling and inflammatory 
amplification loop
We propose that TLR4 activation by LPS may enhance 
PI-PLC activity, leading to the cleavage of membrane-
bound SMPDL3B and further amplifying the inflam-
matory response. Supporting this hypothesis, LPS 
stimulation significantly upregulated PLCXD1 expression 
in ME patients (Fig.  3j), which correlated with a reduc-
tion in the membrane-bound form of SMPDL3B (Fig. 3k, 
rho = −  0.6253, p = 0.0032). These findings suggest an 
amplification loop in which inflammation promotes 
PI-PLC activity, contributing to sustained SMPDL3B 
cleavage and exacerbation of the inflammatory cascade 
(Fig. 3i).

Therapeutic potential of PI‑PLC pharmacological inhibitors 
on SMPDL3B modulation
Given the role of PI-PLC in cleaving membrane-bound 
SMPDL3B and contributing to the amplification of 
inflammatory processes in ME, we explored the thera-
peutic potential of vildagliptin, a known DPP-4 inhibi-
tor, and two related molecules saxagliptin and linagliptin, 
in modulating SMPDL3B levels. Notably, vildagliptin, 
a widely used DPP-4 inhibitor for type 2 diabetes treat-
ment, has been shown previously to interact with and 
inhibit Bacillus cereus PI-PLC activity at micromolar 
concentrations, which prompted our interest to test it 
in  vitro [18]. We treated PBMCs from healthy controls 
(HC) with increasing doses of vildagliptin (25–100 µM) 
and observed no effect on SMPDL3B expression at low 
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concentrations (25–50 µM) while a significant reduc-
tion was measured at the highest concentration (100 
µM) (Fig. 4d), indicating a transcriptional effect. Despite 
this reduction in gene expression, there was a marked 

increase in membrane-bound SMPDL3B levels in mono-
cytes at 100  µM of vildagliptin (Fig.  4g). This suggests 
that vildagliptin stabilizes the membrane anchoring of 
SMPDL3B, potentially counteracting PI-PLC-mediated 

Fig. 3  Reduced membrane-bound SMPDL3B caused by an increase of PLCXD1 expression and production in ME patients. a Number of SMPDL3B 
antigens per monocyte in ME patients (n = 27) and healthy controls (HC) (n = 9). Membrane-bound SMPDL3B levels were quantified using 
flow cytometry, with gating strategies applied to identify monocyte populations. b SMPDL3B antigens per monocyte in ME patients with low 
(n = 12) and high (n = 15) plasma SMPDL3B levels, with a 30 ng/ml threshold. c SMPDL3B antigens per monocyte in female (n = 22) and male 
(n = 5) ME patients. d SMPDL3B antigens per monocyte in female with (n = 5) and without (n = 22) contraceptive pill use. e Relative expression 
of SMPDL3B and PLCXD1 genes in ME patients (n = 51) and HC (n = 10). Gene expression was measured by RT-qPCR and normalized using GAPDH. 
f Relative expression of the SMPDL3B gene in females (n = 40) and males (n = 11) with ME. g Relative expression of IL-6 gene in PBMCs from 4 
patients and 4 controls, treated for 4 h with increasing doses of LPS. h Difference in SMPDL3B levels between cell culture medium and cell 
lysate of PBMCs from ME patients (n = 4) and HC (n = 4) treated with increasing doses of LPS. i Illustration proposing a mechanism by which 
the reduction of membrane-bound SMPDL3B leads to an increase in PI-PLC through PKC activation upon stimulation of TLR4 by LPS. j Relative 
expression of PLCXD1 gene in PBMCs from 4 patients and 4 controls, treated for 4 h with increasing doses of LPS. k Correlation between the relative 
expression of PLCXD1 and SMPDL3B antigens per monocyte in ME patients (n = 20). Spearman correlation was used with an rho of -0.6253 
and a p-value < 0.0032. T test was used when comparing two groups. For comparisons between two groups, the Mann–Whitney U test was used. 
For comparisons involving more than two groups, the Kruskal–Wallis test was performed, followed by Dunn’s post hoc test with multiple 
comparison correction where appropriate. Differences considered significant at *P < 0.05, **P < 0.01, ***P-value < 0.001 and ****P-value < 0.0001
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cleavage. Furthermore, vildagliptin treatment resulted in 
decreased soluble SMPDL3B levels at all tested concen-
trations (Fig.  4h), supporting the hypothesis that vilda-
gliptin may inhibit the cleavage process of SMPDL3B 
through the direct pharmacological inhibition of human 
PI-PLC. Additionally, vildagliptin significantly reduced 
soluble PI-PLC levels at 50 and 100 µM (Fig. 4i).

Saxagliptin, a structurally similar DPP-4 inhibitor, 
exhibited effects comparable to vildagliptin  (Fig.  4a, b). 
At 100 µM, saxagliptin increased membrane-bound 
SMPDL3B (Fig. 4g) and reduced soluble SMPDL3B levels 
(Fig. 4h) at all tested concentrations. Moreover, saxaglip-
tin treatment also led to a significant decrease in soluble 
PI-PLC levels at 100 µM (Fig.  4i). However, while both 
saxagliptin and vildagliptin decreased SMPDL3B expres-
sion (Fig.  4d, e), only vildagliptin led to a reduction in 
PLCXD1 expression (Fig.  4d), further strengthening the 
distinct inhibitory effect of vildagliptin and saxagliptin on 
human PI-PLC. In contrast, linagliptin, a DPP-4 inhibi-
tor with a different molecular structure (Fig. 4c), did not 
exhibit the same effects on SMPDL3B modulation. Lina-
gliptin increased both SMPDL3B and PLCXD1 expres-
sion, along with elevated levels of soluble SMPDL3B and 
PI-PLC, while reducing the membrane-bound form of 
SMPDL3B. These findings underscore the unique ability 
of vildagliptin and saxagliptin to stabilize the membrane-
bound form of SMPDL3B, highlighting their potential as 
therapeutic strategies to modulate SMPDL3B levels by 
inhibiting PI-PLC activity, independently of their role as 
DPP-4 inhibitors.

Given the promising results obtained in healthy con-
trols, we further investigated the effects of vildagliptin 
and saxagliptin on PBMCs isolated from ME patients. 
Patients were selected based on their plasma SMPDL3B 
levels, categorized into two groups: those with high 
plasma SMPDL3B levels (> 30 ng/mL) and those with low 
plasma SMPDL3B levels (< 30 ng/mL). Due to the limited 
availability of biological samples and the prior findings 
in healthy subjects, we selected a single concentration of 
100 µM, which had previously shown significant effects. 
Treatment with vildagliptin and saxagliptin resulted in 
a significant reduction in SMPDL3B and PLCXD1 gene 
expression (Fig.  5a). Notably, SMPDL3B expression was 
reduced in both patient groups, regardless of their ini-
tial plasma SMPDL3B levels (Fig. 5b). However, PLCXD1 
downregulation was observed exclusively in patients 
with high plasma SMPDL3B levels and only in response 
to vildagliptin treatment (Fig.  5c). At the protein level, 
both vildagliptin and saxagliptin led to an increase in 
membrane-bound SMPDL3B (Fig.  5d), with a particu-
larly pronounced effect in patients with high plasma 
SMPDL3B levels (Fig. 5e). This suggests that these drugs 
may enhance the stabilization of membrane-anchored 

SMPDL3B proteins, preventing its cleavage by PI-PLC. 
In parallel, a significant reduction in soluble SMPDL3B 
was observed upon vildagliptin treatment (Fig. 5f ), with 
the most pronounced decrease occurring in patients with 
high SMPDL3B plasma levels (Fig.  5g). Furthermore, 
vildagliptin treatment led to a notable reduction in total 
PI-PLC levels (Fig. 5h). A significant decrease in plasma 
PI-PLC was observed in all patients following vildaglip-
tin treatment, while saxagliptin specifically reduced solu-
ble PI-PLC levels in patients with initially low SMPDL3B 
levels (Fig.  5i). Importantly, linagliptin did not exhibit 
significant effects in any of these experiments, further 
highlighting the distinct pharmacological properties of 
vildagliptin and saxagliptin in modulating SMPDL3B and 
PI-PLC levels.

Discussion
ME is a complex disorder characterized by chronic 
fatigue, PEM, dysautonomia, sleep disturbances, cog-
nitive impairments, and widespread pain. Its patho-
physiology remains poorly understood, with diagnosis 
relying on clinical assessment due to a lack of objective 
biomarkers. Recent research suggests that immune dys-
regulation and chronic inflammation play key roles in 
disease progression [17–20]. Elevated plasma SMPDL3B 
levels correlated with disease severity and poorer scores 
on health-related questionnaires (SF-36, MFI-20, DSQ), 
reinforcing its clinical relevance. This association was 
consistent across Canadian and Norwegian cohorts, sup-
porting its robustness and generalizability.

Given the established role of immune disturbances in 
ME, our findings suggest that membrane-bound SMP-
DL3B may modulate TLR4 signaling and contribute 
to symptom severity by influencing this inflammatory 
pathway [17–20]. This mechanism aligns with prior evi-
dence showing that SMPDL3B regulates TLR4 signaling 
in macrophages and dendritic cells by altering membrane 
fluidity, thereby impacting immune responses [8]. Con-
sistent with this, we demonstrated that PBMCs from ME 
patients exhibited heightened cytokine responses, such as 
IL-6, following TLR4 activation when membrane-bound 
SMPDL3B levels were reduced, further reinforcing its 
role in ME-related chronic inflammation. Treatments 
targeting TLR4, such as low-dose naltrexone and lithium, 
have shown promise in alleviating symptoms through 
pathway inhibition [21–23]. Additionally, the loss of 
membrane-anchored SMPDL3B could also impair TLR3 
signaling, potentially limiting the efficacy of Ampligen 
in ME patients. Given TLR3’s role in antiviral immunity 
and immune homeostasis, it represents another poten-
tial therapeutic target in ME. Rintatolimod (Ampligen), 
a selective TLR3 agonist, has been investigated in this 
context, with Phase III trials showing variable response 
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rates depending on disease duration [24]. However, our 
study did not directly assess this relationship, and further 
research is needed to determine whether SMPDL3B lev-
els influence treatment response.

SMPDL3B is also a lipid-modifying enzyme that 
catalyzes the conversion of sphingomyelins into cera-
mides, which are crucial for cell membranes and signal-
ing. Decreased membrane-anchored SMPDL3B in ME 
patients could explain lower plasma ceramide levels 
as initially reported by Naviaux’s group, including the 
observed sex differences, given that ceramide reduction 
is more pronounced in women than men [5], resulting 

in higher plasma sphingomyelin levels [25]. This sex-
specific pattern in ceramide metabolism is consistent 
with our finding that women with ME exhibit higher 
circulating SMPDL3B levels than men, suggesting less 
membrane-bound form and further supporting the role 
of SMPDL3B in sex-related variations in sphingolipid 
metabolism. Muilwijk et  al. demonstrated that sphin-
golipid concentrations exhibit age-dependent disparities 
between men and women, with levels increasing more 
rapidly in women over time. While younger women tend 
to have lower sphingolipid concentrations than men 
within the same age group, these levels surpass those of 

Fig. 5  Vildagliptin and Saxagliptin Modulate SMPDL3B Expression and Membrane Anchoring in Patient PBMCs. Data are presented as bar graphs 
with individual data points overlaid, showing the mean ± standard error of the mean (SEM). a SMPDL3B and PLCXD1 gene expression levels 
in PBMCs from ME patients treated with 100 µM vildagliptin, saxagliptin, or linagliptin. b SMPDL3B gene expression in PBMCs stratified by plasma 
SMPDL3B levels (> 30 ng/mL or < 30 ng/mL) following treatment with 100 µM vildagliptin, saxagliptin, or linagliptin. c PLCXD1 gene expression 
in PBMCs stratified by plasma SMPDL3B levels following treatment with 100 µM vildagliptin, saxagliptin, or linagliptin. Gene expression 
was measured using RT-qPCR with TaqMan probes and normalized to GAPDH as a housekeeping gene. d Membrane-bound SMPDL3B levels 
in monocytes following treatment with 100 µM vildagliptin, saxagliptin, or linagliptin, assessed using flow cytometry. Gating strategies were 
applied to identify monocyte populations. e Membrane-bound SMPDL3B levels in monocytes stratified by plasma SMPDL3B levels (> 30 ng/mL 
or < 30 ng/mL) under the same treatment conditions. f Soluble SMPDL3B levels in the culture supernatant of patient PBMCs treated with 100 µM 
vildagliptin, saxagliptin, or linagliptin, quantified using ELISA. g Soluble SMPDL3B levels in the culture supernatant of PBMCs stratified by plasma 
SMPDL3B levels following treatment with 100 µM vildagliptin, saxagliptin, or linagliptin. h Soluble PI-PLC levels in the culture supernatant of PBMCs 
treated with 100 µM vildagliptin, saxagliptin, or linagliptin, quantified using ELISA. i Soluble PI-PLC levels in the culture supernatant of PBMCs 
stratified by plasma SMPDL3B levels following treatment with 100 µM vildagliptin, saxagliptin, or linagliptin. Statistical analysis was performed 
using an unpaired t-test for comparisons between two groups. For comparisons between two groups, the Mann–Whitney U test was used. 
For comparisons involving more than two groups, the Kruskal–Wallis test was performed, followed by Dunn’s post hoc test with multiple 
comparison correction where appropriate. Statistical significance was indicated as follows: P < 0.05 (*), P < 0.01 (**), P < 0.001 (***), and P < 0.0001 
(****)
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older men [26]. Similarly, studies on SMPDL3B’s role in 
prostate and ovarian cancers suggest distinct sex-spe-
cific regulatory mechanisms, including interactions with 
estrogen receptors [27–29]. Estrogen has been shown to 
regulate sphingolipid pathways, and our in vitro experi-
ments suggest that estradiol modulates SMPDL3B levels. 
Our findings thus align with known sex-related differ-
ences in sphingolipid metabolism and ME pathophysiol-
ogy [30].

One of the key mechanistic insights from our study was 
the altered distribution of SMPDL3B between its solu-
ble and membrane-bound forms. ME patients exhibited 
reduced membrane-bound SMPDL3B on monocytes 
and lymphocytes, particularly in those with high cir-
culating levels of the soluble form. This reduction cor-
related with increased expression of PI-PLC (PLCXD1), 
an enzyme known to cleave membrane-bound GPI-pro-
teins like SMPDL3B, suggesting that heightened PI-PLC 
activity drives SMPDL3B shedding, leading to elevated 
soluble SMPDL3B levels and potentially exacerbating 
inflammation. We further provide the first evidence that 
pharmacological inhibition of PI-PLC using vildagliptin 
and saxagliptin restores membrane-bound SMPDL3B 
in immune cells. Notably, our selection of these DPP-4 
inhibitors was based not on their enzymatic inhibition of 
DPP-4 but rather on the ability of vildagliptin to inhibit 
Bacillus cereus PI-PLC at micromolar concentrations 
[18]. By structural similarity, we extended this proof-of-
concept to saxagliptin and confirmed its efficacy in inhib-
iting PI-PLC and preserving/restoring membrane-bound 
SMPDL3B, while linagliptin, used as a negative control, 
confirmed that this effect was not mediated by DPP-4 
inhibition. Since inhibition of Bacillus cereus PI-PLC was 
achieved at micromolar concentrations, improved drug 
formulations, including transdermal approaches, may 
enable lower, more targeted dosing with better bioavail-
ability. If validated in a randomized control trial, PI-PLC 
inhibition could represent a novel immunomodulatory 
strategy for ME, offering a targeted approach to restor-
ing immune homeostasis. While other regulatory mecha-
nisms, such as transcriptional control, post-translational 
modifications, or shedding by other proteases, may also 
influence membrane-bound and soluble SMPDL3B 
protein levels, our findings highlight PI-PLC-mediated 
cleavage as a critical driver of the depletion of mem-
brane-bound SMPDL3B in immune dysregulation occur-
ring in ME.

Our study has several strengths, including the use of 
two independent cohorts and a multifaceted approach 
combining clinical, molecular, and mechanistic analy-
ses. This allowed us to uncover the altered distribution 
of SMPDL3B and its potential role in immune dysregu-
lation in ME. However, we acknowledge a limitation 

in our study to be the sex imbalance in our cohorts, 
with a significant female predominance consistent with 
the established epidemiology of ME [31], thus limit-
ing robust sex-specific analyses within this study. While 
our exploratory analyses revealed potential differences 
in SMPDL3B levels between sexes such as higher mem-
brane-bound SMPDL3B on monocytes in women with 
ME and lower SMPDL3B gene expression in men with 
ME, these findings should be interpreted cautiously due 
to the underrepresentation of male participants and the 
resulting insufficient statistical power. This aligns with 
broader research indicating significant sex dimorphism 
in ME regarding prevalence, symptom presentation, and 
potentially underlying biological mechanisms, including 
hormonal influences [32]. Future studies with balanced 
sex ratios or dedicated sex-stratified designs are cru-
cial to definitively elucidate potential sex-specific roles 
of SMPDL3B in ME pathophysiology and to determine 
if the observed trends hold true in adequately powered 
cohorts.

Notably, we identified vildagliptin and saxagliptin as 
promising therapeutics for restoring membrane-bound 
SMPDL3B through PI-PLC inhibition, a novel find-
ing that could lead to new treatment strategies. How-
ever, there are important limitations to consider. The 
cross-sectional design prevents causal conclusions, and 
longitudinal studies are needed to determine whether 
SMPDL3B depletion contributes to disease progression 
or results from chronic inflammation. Additionally, while 
our focus on PBMCs provides insights into immune 
dysregulation, it may not capture SMPDL3B regulation 
across other immune cell types or tissues. Given SMP-
DL3B’s broader roles, its depletion could also affect other 
organ systems, warranting further investigation. Finally, 
our cohorts were predominantly Caucasian, which may 
limit the generalizability of our findings, highlighting the 
need for more diverse cohorts in future studies.

Conclusions
Our findings suggest that SMPDL3B may play a central 
role in ME pathophysiology, potentially contributing to 
chronic inflammation and disease severity. However, fur-
ther studies are needed to determine whether these asso-
ciations are causal. These findings suggest that SMPDL3B 
could serve as both a biomarker for disease severity and 
a target for therapeutic intervention. By addressing the 
current gaps in understanding and refining therapeutic 
strategies targeting SMPDL3B, we can move closer to 
developing more effective, personalized treatments for 
ME.
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