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Suicide attempts (SA) during major depressive episodes (MDE) pose a significant clinical challenge, yet its underlying biological
mechanisms, particularly those associated with recent SA, remain poorly understood. In this case-control study (n= 106), we
compared the immunological profiles associated with MDE without SA (n= 36), MDE with a recent SA (n= 35), and a healthy
controls (n= 35). Fresh blood samples were analyzed for total cell count and using flow cytometry (FACS) to assess specific cell
surface markers. Plasma proteins were quantified using multiplex ELISA or Quanterix. Multiple factorial analysis (MFA) identified
three primary dimensions structuring the biological markers: soluble immune and growth factors, cellular immunity (cell ratios,
CD45+, CD3+, CD8+, CD14+), and neuroinflammatory markers (GFAP, NfL, CD4+). These dimensions differentiated MDE patients from
healthy controls regardless of SA status. Three parallel feature selection analyses were used to examine whether individual
biomarkers could differentiate between the subgroups. Lower percentages of CD3+, CD8+CD3+, higher basophil count, and lower
serotonin levels differentiated MDE without SA from healthy controls. An increased neutrophil-to-lymphocyte ratio and basophil
count, and lower serotonin levels differentiated recent SA from healthy controls. We found no significant differences between MDE
patients with and without SA, though exploratory analyses identified individual markers, such as platelet-derived factors, that
warrant further investigation. These findings provide new insights into the immune landscape of MDE and recent SA and
underscore the need for future longitudinal studies to disentangle state- and trait-like biological changes associated with SA.
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INTRODUCTION
Major depressive episodes (MDE) are prevalent, disabling, and
linked to premature mortality due to both suicide and increased
vulnerability to medical disorders [1, 2]. A significant proportion of
patients experience suicidal crises, leading to suicide attempts
(SA) and, in some cases, death. The pathophysiology of MDE and
SA is multifactorial, involving complex and interrelated
mechanisms.
MDE is associated with alterations in peripheral immune-

inflammatory markers and growth factors, with the most robust
evidence showing increased C-reactive protein (CRP), interleukin-6
(IL-6), and tumor necrosis factor-α (TNF-α) [3–5]. Positron emission
tomography and post-mortem studies reveal increased neuroin-
flammation in MDE and individuals who died by suicide [6–9],
suggesting a peripheral-brain immunological interplay, possibly
facilitated by increased vascular permeability in MDE [10–12].
Inflammation and cerebrovascular permeability are emerging
contributors to brain disorders [11, 13, 14].
MDE patients with SA history show elevated blood levels of

inflammatory markers such as CRP, IL-6, and the neutrophil-to-
lymphocyte ratio (NLR) compared to those without SA [4, 15], with
some novel markers also emerging [16, 17]. However, integrated

analyses of cellular and soluble immune components are rare,
limiting a comprehensive understanding of immune-inflammatory
pathways in MDE and SA.
The period shortly after an SA represents both a critical

intervention window and an opportunity to elucidate the
biological underpinnings of SA and its distinction from non-
suicidal MDE [18]. Despite its importance, studies investigating
immune changes during this acute phase are scarce. Our previous
work showed that past-month SA was linked to specific immune
alterations, not found in individuals with more temporally distal
SA [16]. This supports the notion that markers temporally linked to
SA may better reflect acute risk than trait-like markers. While our
earlier study found no CRP differences between individuals with
recent vs. earlier SA [19], other evidence suggests that past-week
SA is associated with cognitive alterations absent in earlier SA [20].
Peripheral inflammation has been implicated in brain-blood

barrier dysfunction and neural connectivity alterations, which may
increase SA risk [21, 22]. Stress-induced immune activation and its
links to suicidal behaviors further highlight the role of inflamma-
tion in acute suicidal states [23, 24]. However, the extent to which
immune-inflammatory alterations distinguish recent SA from non-
suicidal MDE remains unclear. We hypothesized that MDE patients
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with recent SA would exhibit a distinct peripheral immune-
inflammatory profile compared to MDE patients without SA and
healthy controls. Specifically, we expected that recent SA would
be marked by increased immune activation and neuroinflamma-
tion, reflecting state-like alterations associated with suicidal crisis.
By delineating biological pathways in MDE with and without SA,
this study aimed to refine our understanding of suicidal behaviors
and contribute to biomarker-based risk assessment and interven-
tion strategies.

MATERIALS AND METHODS
Study design and participants
This monocentric, cross-sectional, case-control study recruited participants
from the Department of Emergency Psychiatry and Acute Care, Montpellier
University Hospital, France, between November 2019 and July 2022.
Participants were matched by sex and age into three groups: (1) individuals
with a current MDE, determined by the Structured Clinical Interview for DSM-5
(SCID-5) [25], and a first SA within the past eight days, determined by the
Columbia Suicide Severity Rating Scale (C-SSRS) [26]; (2) individuals with a
current MDE without a lifetime SA; and (3) healthy volunteers with no
psychiatric history (SCID-5) or SA (C-SSRS) [26]. MDE patients with major
depressive disorder and bipolar disorder were included due to the
transdiagnostic nature of SA and and potentially shared biological markers
for MDE and SA among diagnoses [15, 16, 27, 28]. Inclusion criteria were age
18–55 years, social security affiliation, and informed consent. Exclusion criteria
included chronic inflammatory/autoimmune diseases, active infections,
immune-modulating treatments, severe alcohol or substance use disorder,
schizophrenia/schizoaffective disorder, and pregnancy/lactation. Patients were
medically stabilized before psychiatric assessment, and those with significant
traumatic brain injury or life-threatening drug intoxication requiring intensive
care were ineligible. Suicidal ideation was not an exclusion criterion for the
MDE group, and its prevalence was recorded for all groups.
MDE patients with recent SA were included based on an 8-day post-

attempt timeframe, balancing biological relevance and practical con-
straints. Since recruitment was first-come in clinical settings, and healthy
volunteers participated voluntarily, precise records of non-included
individuals were unavailable. However, all eligible patients within this
timeframe who met inclusion/exclusion criteria were invited. MDE patients
without SA were recruited during hospitalization or outpatient consulta-
tion. Healthy volunteers were recruited via online/hospital advertisements.
The study was approved by CHU Montpellier’s Institutional Review Board
and registered (NCT04137458). Participants provided written consent and
received a 45-euro compensation. Findings are reported according to the
Strengthening the Reporting of Observational Studies in Epidemiology
guidelines [29].

Sample size
As an exploratory study, sample size estimation was based on a detectable
fold change of 1.5 for pairwise group comparisons, 80% power,
0.05 significance level, and anticipated biological and technical variability
(≤75%), requiring 35 individuals per group [30].

Assessments
A trained mental health professional conducted evaluations. Psychiatric
diagnoses were determined by SCID-5 [25], depression severity by BDI [31],
and suicidal ideation by BDI item #9 (threshold: ≥2). SA history was assessed
using the C-SSRS [26], with recent SA defined as occurring within eight days
before evaluation. Additional data included sociodemographics, treatment,
somatic comorbidities, BMI, tobacco use, and abdominal perimeter.
Fasting venous blood samples (8:00–10:00 AM) were collected and

processed per hospital standards. Complete blood counts and CRP were
analyzed immediately (C800 Roche platform), including absolute eosino-
phils, basophils, neutrophils, and platelets. Based on prior associations with
MDE and SA, we calculated NLR, platelet-to-lymphocyte ratio (PLR), and
monocyte-to-lymphocyte ratio (MLR) [15].

Flow cytometry
We performed flow cytometry on fresh blood within 3 h of collection, with
each participant’s sample processed and analyzed individually on the day
of blood draw. A 500 µl whole blood sample from an EDTA tube was mixed
with 100 µl FcR Blocking buffer (130-059-901, Miltenyi Biotec, Germany) for

15 s, followed by incubation with fluorochrome-conjugated antibodies for
CD45+ (VioBlue, CD3-PE, CD14-APC) and CD3+ (VioBlue, CD4-PE, CD8-APC)
(Miltenyi Biotec, Germany) for 15min. After incubation, 100 µl of CAL-LYSE
Lysing solution (GAS010 Life Technologies, USA) was added, and samples
were incubated for 10min before adding 1mL of deionized sterile water
and storing at 4 °C for up to 4 h until flow cytometry readout. Flow
cytometry was performed using a MACSQuant cytometer (Miltenyi Biotec,
Germany) at the Montpellier Ressources Imagerie (MRI) platform. The
instrument operates with laser excitation at 405 nm (Vioblue detection:
450/50 nm), 488 nm (PE detection: 585/40 nm), and 640 nm (APC detec-
tion: 655–730 nm). The MACSQuant system is a high-performance flow
cytometer with automated fluorescence detection, compensation, and
calibration protocols, ensuring rigorous quality control. To minimize
technical variability, we performed daily instrument calibration using
fluorescence control beads, applied session-specific compensation controls
to correct spectral overlap, and adhered to strict standardization of sample
processing and staining protocols. Immune cell populations were normal-
ized as percentages relative to total CD45+ leukocytes or relevant parent
subsets to ensure comparability. Each sample was analyzed in triplicate,
with at least 30,000 events collected, and gating on FSC-A/FSC-W was
applied to exclude doublets and debris. The following immune cell
populations were analyzed: peripheral blood mononuclear cells (CD45+),
T-lymphocytes (CD3+), T-helpers (CD4+), T-killers (CD8+), and monocytes
(CD14+). Data were processed using Flowing Software (Turku Bioscience
Centre, University of Turku, Finland). Personnel performing flow cytometry
were blind to study groups.

Plasma and serum protein analyses
We used 50 µl of serum samples (from EDTA tubes) to measure Glial
Fibrillary Acidic Protein (GFAP) and Neurofilament light (NfL) protein
concentrations. These analyses were conducted by the Clinical Proteomics
Platform (PPC, Montpellier, France) using the Simoa Neurology 2-Plex Kit
(103520, Quanterix, Massachusetts, USA) on the HD-X Analyzer system. In
parallel, plasma samples were centrifuged at 3000 x g at room temperature
for 20min and stored at −80 °C for batched analysis using ELISA assay
technology. Based on existing literature and our previous findings, we
measured the following plasma markers, which have been implicated in
depression and SA pathophysiology [3, 4, 16, 17, 32]: interferon-γ (IFN- γ),
TNF-α IL-1β, IL-2, IL-4, IL-6, monocyte chemoattractant protein-1 (MCP-1),
transforming growth factor-1β (TGF-1β), platelet-derived growth factor-AB
(PDGF-AB), PDGF-BB, thrombospondin-1 (TSP-1), thombospondin-2 (TSP-2),
RANTES (regulated on activation, normal T cell expressed and secreted,
also called CCL5), uteroglobin, annexin, serotonin, and centrin-2. All
parameters were assayed in duplicate wells. Merch Millipore (Luminex),
Bio-Techne SA (Chatillon sur Seiche, France), and Tecan France (Lyon,
France) (ELISA) platforms were used. Details of the platforms and kits used
for plasma protein analysis are provided in the Supplemental Table S1. The
inter-plate coefficient of variation (CV) was calculated, with low levels of
inter-plate variability for all analytes (CV < 2). Personnel performing protein
analyses were blind to study groups.

Statistical analysis
Statistical analyses were performed using R statistical computing software,
version 4.3.0 (R foundation for Statistical Computing, Vienna, Austria).
Outliers were evaluated using summary statistics, and skewed variables
were log-transformed to improve normality and mitigate the influence of
extreme values. Group variance was comparable after transformation.
Given that chosen statistical methods, including Multiple Factor Analysis
(MFA), stepwise selection using the Akaike Information Criterion (stepAIC;
forward/backward), regularized Least Absolute Shrinkage and Selection
Operator (LASSO) selection, and Bayesian Stochastic Search Variable
Selection (SSVS) are robust to extreme values, no further exclusion or
winsorization was applied. Protein marker values below the level of
quantification were treated based on the extent of undetectability. If <20%
of values were non-detectable, single imputation was performed using a
censored log-normal distribution to preserve data continuity [33]. If ≥20%
of values were non-detectable, categorical variables (2–3 balanced groups)
were created to avoid unreliable extrapolations. There were no missing
values in protein analyses. Missing values in flow cytometry data (n= 7),
and complete blood count (n= 3) resulted from technical issues, which
occurred independently of clinical characteristics. To ensure an unbiased
approach to handling missing data, we applied MFA for imputation, as the
probability of missingness was unlikely to be systematically related to the
biological variables of interest. Numbers of undetectable and missing
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values, as well as the imputation method are presented in Supplemental
Table 2. We directly compared statistical significance and group means
between non-imputed and imputed datasets, which showed consistent
results (Supplemental Tables S3–S5). We prioritized imputation over
complete case analysis to preserve statistical power, maintain cohort
representativity, and minimize potential selection bias. Descriptive analysis
of the three groups included means with standard deviations (s.d.) and
counts (%). As an exploratory step, the three groups were compared using
univariate t-tests or Pearson’s Chi2 tests.
To address high dimensionality and correlation, MFA was applied to

identify biologically meaningful, uncorrelated dimensions. MFA is a
principal component method that balances differences in the number of
active variables per domain by forming active groups. Meaningful fators
were selected using Kaiser’s criterion (eigenvalue > 1) and characterized via
correlation ranking and F-tests. Group differences were also tested on each
component using one-way ANOVAs. Adjusted logistic regressions were
then fitted for all group pair comparisons to test for differences between
groups in the extracted meaningful MFA components. Chi2 tests, Odds
Ratios (OR), and 95% Confidence Intervals (95% CI) are reported.
To determine whether specific biological markers were associated with

each study group, we contrasted the results of three variable selection
methods that were performed in parallel to prevent overfitting and false
positive associations: stepAIC, LASSO, and SSVS [34]. Sex and age were
forced into models, and for MDE with recent SA vs. MDE without SA,
we additionally adjusted for depression severity. Markers identified by all
three methods were considered significant. P-values were two-sided, with

p < 0.05 considered statistically significant. Bonferroni correction was
applied to multivariate models.

RESULTS
Sample characteristics
The analysis included 106 participants: 36 individuals with MDE
with recent SA, 35 individuals with MDE without a history of SA,
and 35 healthy volunteers. Among MDE patients with recent SA,
three had made a lethal SA (e.g., phlebotomy), and seven required
medical stabilization in intensive care prior to inclusion. Due to the
small number of cases with severe or lethal attempts, no subgroup
analyses by SA severity or lethality were conducted. Instead, all
participants with recent SA were analyzed together to identify
shared biological alterations associated with this acute phase. The
three groups did not differ significantly regarding sex, mean age,
abdominal perimeter, BMI, or smoking status. As expected, both
groups with MDE exhibited higher levels of depression and
suicidal ideation compared to healthy volunteers, and most of
them were on pharmacological treatment, while healthy controls
were medication-free. MDE patients with recent SA were more
likely to receive anxiolytic/hypnotic treatment than patients
without SA history, with a trend towards greater depression
severity. Sample characteristics are summarized in Table 1.

Table 1. Sample characteristics.

Participant Characteristics Healthy controls Major depressive episode
without suicide attempt

Major depressive episode with
suicide attempt

p-value

Number of participants 35 35 36 ..

Female sex, n (%) 26 (74.3) 26 (74.3) 27 (75) 1

Age, years, mean (s.d.) 34.114 (10.701) 33.706 (10.842) 32.167 (12.852) 0.74

BMI, kg/m2,l mean (s.d.) 22.88 (5.82) 23.49 (7.70) 23.82 (7.47) 0.42

Waist circumference, cm, mean (s.d.) 86.5 (10.871) 93.5 (15.951) 85.714 (14.072) 0.14

Metabolic syndrome, n (%) 1 (2.9) 3 (8.6) 3 (8.3) 0.59

Tobacco user, current, n (%) 8 (22.9) 15 (42.9) 14 (38.9) 0.42

Family history of suicidal behaviour, n
(%)

10 (28.6) 11 (31.4) 15 (41.7) 0.70

Current hospitalisation, n (%) 0 (0) 23 (65.7) 32 (88.9) <0.001

Psychiatric diagnoses, n (%) .. .. .. ..

Major depressive disorder 0 (0) 29 (82.9) 31 (86.1) <0.001

Bipolar disorder 0 (0) 6 (17.1) 5 (13.9) <0.001

Anxiety disorder 0 (0) 24 (68.6) 20 (55.6) <0.001

Alcohol or substance use disorder 0 (0) 6 (17.1) 9 (25.0) <0.001

Eating disorder 0 (0) 6 (17.1) 8 (22.2) <0.001

Psychiatric scales

BDI total score, mean (s.d.) 0.829 (1.317) 17.429 (7.942) 20.556 (6.097) <0.001

Suicidal ideation (BDI item #9), n (%) 0 (0) 5 (14.3) 8 (22.2) <0.001

Childhood trauma questionnaire,
moderate of severe, n (%)

.. .. .. ..

Emotional abuse 3 (8.6) 16 (45.7) 29 (80.6) <0.001

Physical abuse 2 (5.7) 10 (28.6) 16 (44.4) 0.01

Sexual abuse 2 (5.7) 10 (28.6) 12 (33.3) 0.05

Emotional neglect 0 (0) 11 (31.4) 18 (50.0) <00.1

Physical neglect 7 (20) 23 (65.7) 33 (91.7) 0.004

Current treatment, n (%) .. .. .. ..

Anxiolytics and hypnotics 0 (0) 22 (62.9) 32 (88.9) <0.001

Antidepressants 0 (0) 29 (82.9) 26 (72.2) <0.001

Mood stabilizers 0 (0) 14 (40) 22 (61.1) <0.001

Mean (s.d.) and N (%) are presented for quantitative and qualitative variables.

A. Lengvenyte et al.

3

Translational Psychiatry          (2025) 15:377 



In unadjusted pairwise comparisons, MDE patients without SA
history exhibited lower plasma levels of IFN-γ, IL-1β, IL-2, PDGF-AB,
RANTES, PDGF-BB, serotonin, TGF- β1, TSP-1, alongside higher
serum GFAP levels, compared to healthy volunteers. These
patients also showed alterations in blood cell counts, including
higher basophil counts, a lower percentage of CD3+ among single
cells, higher CD4+ and lower CD8+ percentages among CD3+ cells,
and an elevated CD4+/CD8+ ratio (Supplemental Table S3).
Similarly, patients with recent SA demonstrated lower levels of
PDGF-AB, RANTES, PDGF-BB, serotonin, TGF-β1, and TSP-1
compared to healthy controls. They also had a lower CD3+

percentage among single cells and a lower CD8+ percentage
among CD3+cells, alongside higher counts of total nucleated cells,
neutrophils, and basophils, as well as increased NLR (Supple-
mental Table S4). Comparing MDE patients with recent SA to
those without SA history, the former had higher TNF-α and PDGF-
AB levels and an increased NLR in the least strict approach
(Supplemental Table S5). However, after applying a conservative
Bonferroni correction (p < 0.001), only the lower serotonin levels in
the clinical groups versus healthy volunteers remained statistically
significant.

Multiple factorial analysis
We conducted Multiple Factor Analysis (MFA) to identify dimen-
sions structuring the sets of variables examined. According to the
Kaiser eigenvalue criterion, three major components were
retained, explaining 34.4% of the total variance (14.1, 11.4, and
9.0% for the first, second, and third dimensions, respectively). MDE
patients without SA history (OR, 0.206; 95% CI, 0.08 to 0.433,
p < 0.0001) and recent suicide attempters (OR, 0.303; 95% 269 CI,
0.14 to 0.585, p= 0.0002) were distinctly separated from healthy
controls on the first two dimensions. On the second dimension,
recent suicide attempters were slightly better discriminated from
healthy controls (OR, 3.305; 95% CI, 1.693 to 7.716, p= 0.0002)
than MDE patients without SA history (OR, 2.689; 95% CI, 1.333 to
6.249, p= 0.005). On the third dimension, both MDE patients
without SA history and suicide attempters had higher scores

compared to healthy controls. However, only the difference
between MDE patients without SA history and healthy controls
reached statistical significance (OR, 2.519; 95% CI, 1.225 to 6.055,
p= 0.01), while the difference between recent suicide attempters
and healthy controls did not (OR, 1.644; 95% CI, 0.881 to 3.286,
p= 0.12). Detailed findings for the three dimensions concerning
the study groups are presented in Fig. 1 and Supplemental Table
S6.
Age- and sex-adjusted analyses revealed that the first dimen-

sion primarily captured variations in plasma immune modulation
and growth factors, with the strongest contributions from
elevated levels of PDGF-BB, TGF-β1, TSP-1, IL-4, serotonin
(Fig. 2a), RANTES, PDGF-AB, IL-6, IL-2, and IFN-γ (Fig. 2b). The
second dimension was characterized by a shift in blood immune
cell composition, favoring innate over adaptive immunity, as
indicated by higher MLR, NLR, basophil counts, CD14+ percen-
tages among CD45+ cells, and lower CD3+ percentages among
CD45+ and single cells (Fig. 2a). The third dimension was
associated with increased neuroinflammation, reflected by ele-
vated serum levels of NfL, GFAP, and a higher proportion of CD4+

among CD3+ cells (Fig. 2a).

Feature selection analyses
In parallel to MFA, we conducted feature selection analyses to
identify individual markers characteristic of each study group.
Three selection methods were applied - stepAIC selection, LASSO,
and SSVS – each adjusted for age and sex. Results from the SSVS
method are shown in Fig. 3, and comparisons from all three
methods for each pairwise group contrast are presented in
Supplemental Figs. S1, S2, and S3. Only markers selected by all
three methods were considered significant. Higher NLR and
basophil count differentiated MDE patients with recent SA from
healthy controls. In contrast, lower percentages of CD3+, CD8+ in
CD3+, higher CRP levels, and higher basophil counts distinguished
MDE patients without SA history from healthy volunteers. No
markers were found to differentiate MDE patients with recent SA
from MDE patients without SA history.

Fig. 1 Representation of individuals across the first three Multiple Factor Analysis dimensions by study group. a Projection of individuals
onto dimensions 1 and 2. Each point represents an individual, with colors corresponding to study groups (healthy controls, HC; major
depressive episode without suicide attempt history, MDE; major depressive episode with recent suicide attempt, SA). Ellipses indicate 95%
confidence intervals for group distributions. b Projection of individuals onto dimensions 2 and 3. The first three Multiple Factor Analysis
dimensions capture the primary sources of variance across the dataset, allowing visualization of group separation.
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Sensitivity analysis in patients with major depressive disorder
We conducted a sensitivity analysis excluding individuals with
bipolar disorder. The overall MFA structure remained unchanged,
with the first three dimensions explaining 34.5% of the variance.
The same variables drove each dimension (Supplemental Fig. S4).
The positioning of MDE patients with SA history, MDE patients
without SA history, and healthy controls on these dimensions
remained consistent with the main analysis (Supplemental Fig. S5).
In multivariate models examining associations between study
groups and MFA dimensions, the associations remained consistent
with the main analysis, except for the difference between healthy
controls and MDE patients without SA history, which showed the

same tendency but lost statistical significance (Supplemental
Table S7). In feature selection, the same group differences
between MDE patients and healthy controls were retained
(Supplemental Fig. S6).

DISCUSSION
This study examined a broad range of immune modulation
biomarkers to identify peripheral signatures of MDE with and
without recent SA. Using a multifaceted approach, we identified
three main dimensions: immune modulation and growth factors,
cellular immunity, and neuroinflammation. MDE was characterized

Fig. 2 Characterization of the three meaningful Multiple Factor Analysis dimensions. a Correlations between each Multiple Factor Analysis
dimension and quantitative variables, highlighting key contributors to the variance structure. b Mean loading of categorical variables within
each dimension. The fraction after qualitative variable names indicates their ordinal level relative to the total number of levels. Statistically
significant associations (p < 0.001, Bonferroni-corrected) are marked with black bars, while gray bars represent variables that were informative
but did not reach statistical significance.
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by reductions in immune modulation proteins and growth factors,
a shift toward innate immunity, and subtle neuroinflammation. No
significant dimensional differences emerged between MDE
patients with and without SA history, though several markers
distinguished clinical groups from healthy controls.

Immune modulation and growth factors
MDE patients with and without SA history scored lower than
healthy controls on the immune modulation and growth factor
dimension. Key markers associated with this dimension were also
lower in clinical groups in the univariate pairwise comparisons, but
only lower serotonin levels emerged as a significant differentiator
in the variable selection approach. This aligns with prior research
linking serotonergic dysfunction to MDE and SA [16, 35], though
medication effects in patient groups may confound this finding
[36].
Our findings on lower scores in the immune modulation and

growth factors dimension in MDE are consistent with previous
reports of reduced plasma TGF-β1 levels in depression [37–39].
TGF-β1, which regulates neurogenesis and synaptogenesis, is
linked to cognitive decline when reduced [40]. Conversely, stress-
resilient mice show higher TGF-β1 levels [41, 42]. Similarly, lower
IL-4 levels, another key marker in this dimension, are commonly
seen in MDE [5].
Markers associated with this dimension—TGF-β1, TSP-1, PDGF-

BB, and RANTES—are secreted by activated platelets [43, 44].
While a meta-analysis found no significant differences in RANTES
levels between depressed patients and controls [3], some studies
have linked lower RANTES levels with suicidal ideation in MDE
[16, 45]. Research on other markers in MDE is limited. For instance,
PDGF-AB and TSP-1 levels are highly correlated, yet studies report
varying results, with one finding reduced TSP-1 in MDE and
another noting increased PDGF-AB levels [16, 46, 47]. Similarly,
efforts to differentiate major depressive disorder from bipolar
disorder using PDGF-BB and TSP-1 have yielded inconsistent
results [48, 49]. Notably, antidepressant treatment may increase
PDGF-BB [50], suggesting that the lower scores observed in our
study are not merely treatment effects.
Interestingly, CRP, a widely recognized marker in MDE [51], was

retained in feature selection but did not strongly associate with
any dimension, suggesting an independent role.

Cellular shift towards innate immunity in depression
Both MDE groups showed a shift towards innate immune
dominance, with higher scores than healthy controls on the
second dimension. This aligns with prior findings of increased
neutrophils and monocytes alongside reduced CD3+ and CD8+T-
cell percentages in depression [52–55]. Functionally, this shift may
indicate a system primed for immediate stress response but with
reduced adaptive immunity, impairing long-term immune regula-
tion. Additionally, lower CD3+ and CD8+ cell percentages and
higher basophil counts distinguished MDE patients without SA
from healthy controls. Depression has been associated with innate
immune overexpression and adaptive immune suppression, along
with lymphocyte deficiencies and monocyte activation [52, 56, 57].
While our panel was limited in immune cell phenotyping, recent

studies suggest that monocyte subsets (non-classical and inter-
mediate), as well as T-cell exhaustion markers, play a role in MDE
[28]. Further, suicidal ideation and SA have been linked to
increased T-cell exhaustion, independent of depressive symptoms
[58]. Though we did not measure these markers, they may help
distinguish SA subtypes. These findings underscore the need for
expanded immune phenotyping, particularly of monocyte subsets
and T-cell function, to refine our understanding of immune
dysregulation in MDE and SA.

Neuroinflammation
MDE patients scored higher on the third dimension, driven by
increased blood levels of NfL, GFAP, and CD4+ cells. Consistent
with prior findings, elevated NfL and GFAP have been reported in
mood disorders [59–63]. While not specific to MDE, these markers
reflect neuroaxonal injury (NfL) and astroglial activation (GFAP),
suggesting a link between MDE and neurodegenerative or
neuroinflammatory processes [60, 64, 65]. Though less pro-
nounced than in neurodegenerative diseases, the subtle increases
observed here suggest cellular maladaptation in depression.
The correlation of CD4+ cells with this dimension highlights a

potential link between peripheral immunity and neuroinflamma-
tion. Elevated CD4+ concentrations have been reported in MDE
[52, 66] and associated with stress-related behaviors and increased
infiltration into the CNS under chronic stress [12, 67]. Once in the
brain, CD4+ cells can sustain inflammation and impair blood-brain
barrier integrity, aligning with post-mortem findings of abnormal

Fig. 3 Odds ratios and 95% confidence intervals from multivariate models following the SSVS selection procedure. Displayed are the
odds ratios (ORs) and 95% confidence intervals (CIs) for the three group comparisons (healthy controls HC, major depressive episode without
suicide attempt history MDE, major depressive episode with recent suicide attempt SA).), derived from Bayesian Stochastic Search Variable
Selection (SSVS). All models were adjusted for sex and age. Additionally, depression severity was included as a covariate when comparing
MDE versus SA groups.
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T-cell densities in mood disorder patients [68]. This neuroin-
flammation dimension was distinct from the innate immune shift
and immune modulation/growth factor reduction, underscoring
the complex interplay between immune dysregulation and
neuroinflammation in MDE.

Differences between patients with depression with recent
suicide attempt history from those without
The lack of significant immune-inflammatory differences between
MDE patients with and without recent SA should be interpreted
cautiously, given the exploratory nature of this study and sample
size limitations. Subtle differences may not have been detected
due to limited statistical power. Additionally, unlike most studies,
we recruited patients shortly after their first SA, capturing a post-
crisis phase in which immune activity may shift toward home-
ostasis. Crisis resolution and increased social support during
hospitalization may temporarily reduce stress-related immune
alterations [69–72]. Furthermore, MDE patients with recent SA did
not differ in current suicidal ideation from those without SA
history. Suicidal ideation, which fluctuates acutely and is a key
clinical component of suicidal crises, may interact with immune-
inflammatory processes [15, 23, 45]. Although MDE patients with
recent SA had a trend toward greater depression severity, this
difference was not statistically significant. Given the overall high
symptom burden in both groups, subtler clinical variations may
have been masked. Additionally, SA is often linked to depression
variability rather than severity alone, which may explain the lack of
clear biological distinctions [73].
While psychiatric comorbidities were similar across MDE groups,

patients with recent SA were more likely to receive anxiolytic/
hypnotic treatment, potentially reflecting greater clinical instabil-
ity. However, these medications have also been associated with
increased SA risk [74], suggesting potential bidirectional effects.
Although not statistically significant, patients with recent SA also
had higher use of antipsychotics and mood stabilizers and lower
antidepressant use, possibly reflecting factors like borderline
personality disorder or treatment-resistant depression, for which
these medications are often prescribed [75]. Since the vast
majority of MDE patients were on pharmacological treatment,
while healthy controls were medication-free, treatment effects
cannot be excluded. Given the immunomodulatory properties of
antidepressants and antipsychotics, treatment may have influ-
enced inflammatory markers [36, 76, 77]. Due to the unsupervised
nature of MFA and lack of treatment in the healthy control group,
treatment effects could not be directly adjusted for, and
differences between MDE and healthy controls may have been
attenuated.
Although no significant dimensional differences emerged

between MDE patients with and without SA, higher NLR levels
consistently differentiated recent SA patients from healthy
controls across all three variable selection approaches. This aligns
with prior findings linking NLR to SA risk [15, 78]. NLR reflects
systemic immune activation and has been associated with stress-
induced inflammation and childhood trauma, a major risk factor
for SA [79]. In addition, while no markers consistently distin-
guished MDE with and without SA history across all variable
selection methods, exploratory results identified TNF-α, PDGF-AB,
PDGF-BB, and TSP-1 as potential differentiators. Given their
platelet-derived origins, PDGF-BB, PDGF-AB, and TSP-1 may
suggest a mechanistic link between platelet activation, vascular
homeostasis, and SA [16]. These markers have been implicated in
blood-brain barrier permeability and neurovascular inflammation,
which could contribute to neuronal dysfunction and mood
dysregulation during suicidal crises [10, 80]. Conversely, TNF-α, a
pro-inflammatory cytokine, signals systemic immune activation.
While preliminary, these findings highlight potential pathways
that warrant further investigation into their role in SA
pathophysiology.

Limitations
Several limitations should be considered when interpreting these
findings. First, while clinical groups were medicated, healthy
controls were not, making it difficult to exclude medication
effects. Second, the relatively small sample size limits statistical
power. To mitigate this, we applied dimensionality reduction
(MFA) and three complementary variable selection methods.
However, larger cohorts are needed to validate findings, enable
diagnosis-based stratification, and detect small effect sizes that
may explain the lack of robust differences between MDE patients
with and without SA history. Third, we did not adjust for suicidal
ideation, which fluctuates and may influence immune-
inflammatory markers [15, 23, 45]. Future studies should consider
stratifying patients not only by SA history but also by suicidal
ideation severity and variability to refine its role in biomarker
profiles. Fourth, while individuals with severe SA-related complica-
tions were excluded, milder medical consequences were not
systematically recorded, limiting our ability to determine their
biological impact. Additionally, borderline personality disorder, a
key SA risk factor, and longitudinal illness characteristics (e.g.,
recurrence, treatment response) were not assessed. Although
measured psychiatric comorbidities were comparable between
MDE groups groups, differences in medication use, particularly the
higher prescription rates of anxiolytics/hypnotics, antipsychotics,
and mood stabilizers in the SA group, may reflect crisis-driven
treatment or underlying clinical heterogeneity. These medications,
which have immunomodulatory effects, could influence both SA
risk and immune-inflammatory findings.
Additionally, some biomarkers had high proportions of

undetectable values and were analyzed as categorical variables,
potentially reducing statistical power. While strict standardization
minimized flow cytometry variability, inter-day differences cannot
be fully excluded as samples were processed individually rather
than in batches. Our flow cytometry panel was also limited to
major immune populations, preventing analysis of monocyte
subsets, regulatory T cells, T helper subtypes, NK cells, and
memory T-cell compartments. More comprehensive immune
profiling could uncover subset-specific alterations not captured
here. Given the emerging role of monocyte subset differences and
T-cell exhaustion markers in MDE and SA [28, 58], higher-
resolution immune phenotyping could provide critical insights.
Finally, the cross-sectional design prevents causal inferences

and limits insight into temporal immune-inflammatory changes
before and after SA. While capturing the acute post-SA phase
offers a unique perspective, this period may primarily reflect
transient responses rather than stable biological alterations.
Longitudinal studies with repeated assessments across acute
and post-crisis phases are needed to better characterize these
dynamics. Lastly, the observed dimensions may encompass
distinct psychiatric symptom subdomains, and their construct
validity warrants further investigation. Future work should refine
these dimensions in larger, symptom-stratified cohorts to clarify
their biological relevance.

Conclusion and future directions
This peripheral phenotyping study, integrating protein and cell
analysis with dimensional and feature selection approaches,
identified immune-inflammatory alterations in MDE, irrespective
of recent SA. Specifically, we observed reduced immune modula-
tion proteins and growth factors, a shift toward innate immune
dominance over adaptive immunity, and subtle neuroinflamma-
tory changes, consistent with prior evidence linking immune
dysregulation to depression. However, no robust immune-
inflammatory differences were found between MDE patients with
and without recent SA, possibly due to post-crisis immune
normalization, sample size limitations, or the heterogeneity of
SA itself. While higher NLR and lower serotonin levels differ-
entiated SA patients from healthy controls, no single marker
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consistently distinguished MDE patients with SA from those
without SA history. These findings underscore the need for larger,
longitudinal studies to track immune changes before and after SA
and to disentangle state- and trait-related signatures. Given the
emerging role of monocyte subsets, T-cell exhaustion markers,
and neuroimmune interactions in MDE and SA, future research
should integrate deeper immune phenotyping. Additionally,
further exploration of symptom-specific immune correlates is
warranted, considering the heterogeneity of MDE and the
complex interplay between inflammation, depression, and suicidal
behaviors.

DATA AVAILABILITY
The data are subject to national data protection laws. Therefore, data cannot be
made freely available in a public repository. However, data can be requested through
a reasonable requesto the the corresponding author.

REFERENCES
1. Fu X-L, Qian Y, Jin X-H, Yu H-R, Wu H, Du L, et al. Suicide rates among people with

serious mental illness: a systematic review and meta-analysis. Psychol Med.
2023;53:351–61.

2. Plana-Ripoll O, Pedersen CB, Agerbo E, Holtz Y, Erlangsen A, Canudas-Romo V,
et al. A comprehensive analysis of mortality-related health metrics associated
with mental disorders: a nationwide, register-based cohort study. Lancet.
2019;394:1827–35.

3. Leighton SP, Nerurkar L, Krishnadas R, Johnman C, Graham GJ, Cavanagh J.
Chemokines in depression in health and in inflammatory illness: a systematic
review and meta-analysis. Mol Psychiatry. 2018;23:48–58.

4. Neupane SP, Daray FM, Ballard ED, Galfalvy H, Itzhaky L, Segev A, et al. Immune-
related biomarkers and suicidal behaviors: a meta-analysis. Eur Neuropsycho-
pharmacol. 2023;75:15–30.

5. Osimo EF, Pillinger T, Rodriguez IM, Khandaker GM, Pariante CM, Howes OD.
Inflammatory markers in depression: a meta-analysis of mean differences and
variability in 5166 patients and 5083 controls. Brain Behav Immun. 2020;87:901–9.

6. Courtet P, Giner L, Seneque M, Guillaume S, Olie E, Ducasse D. Neuroinflamma-
tion in suicide: toward a comprehensive model. World J Biol Psychiatry.
2016;17:564–86.

7. Pandey GN, Rizavi HS, Bhaumik R, Ren X. Innate immunity in the postmortem
brain of depressed and suicide subjects: role of toll-like receptors. Brain Behav
Immun. 2019;75:101–11.

8. Setiawan E, Wilson AA, Mizrahi R, Rusjan PM, Miler L, Rajkowska G, et al. Role of
translocator protein density, a marker of neuroinflammation, in the brain during
major depressive episodes. JAMA Psychiatry. 2015;72:268–75.

9. Shinko Y, Otsuka I, Okazaki S, Horai T, Boku S, Takahashi M, et al. Chemokine
alterations in the postmortem brains of suicide completers. J Psychiatr Res.
2020;120:29–33.

10. Dion-Albert L, Cadoret A, Doney E, Kaufmann FN, Dudek KA, Daigle B, et al.
Vascular and blood-brain barrier-related changes underlie stress responses and
resilience in female mice and depression in human tissue. Nat Commun.
2022;13:164.

11. Medina-Rodriguez EM, Beurel E. Blood brain barrier and inflammation in
depression. Neurobiol Dis. 2022;175:105926.

12. Peng Z, Peng S, Lin K, Zhao B, Wei L, Tuo Q, et al. Chronic stress-induced
depression requires the recruitment of peripheral Th17 cells into the brain. J
Neuroinflammation. 2022;19:186.

13. Pollak TA, Drndarski S, Stone JM, David AS, McGuire P, Abbott NJ. The
blood–brain barrier in psychosis. Lancet Psychiatry. 2018;5:79–92.

14. Sweeney MD, Zhao Z, Montagne A, Nelson AR, Zlokovic BV. Blood-brain barrier:
from physiology to disease and back. Physiol Rev. 2019;99:21–78.

15. Daray FM, Chiapella LC, Grendas LN, Casiani RIÁ, Olaviaga A, Robetto J, et al.
Peripheral blood cellular immunophenotype in suicidal ideation, suicide attempt,
and suicide: a systematic review and meta-analysis. Mol Psychiatry.
2024;29:3874–92. https://doi.org/10.1038/s41380-024-02587-5

16. Lengvenyte A, Belzeaux R, Olié E, Hamzeh-Cognasse H, Sénèque M, Strumila R,
et al. Associations of potential plasma biomarkers with suicide attempt history,
current suicidal ideation and subsequent suicidal events in patients with
depression: a discovery study. Brain Behav Immun. 2023;114:242–54.

17. Sandberg JV, Hansson C, Göteson A, Joas E, Jakobsson J, Pålsson E, et al. Proteins
associated with future suicide attempts in bipolar disorder: a large-scale bio-
marker discovery study. Mol Psychiatry. 2022;27:3857–63.

18. Chung D, Hadzi-Pavlovic D, Wang M, Swaraj S, Olfson M, Large M. Meta-analysis
of suicide rates in the first week and the first month after psychiatric hospitali-
sation. BMJ Open. 2019;9:e023883–e023883.

19. Courtet P, Jaussent I, Genty C, Dupuy AM, Guillaume S, Ducasse D, et al. Increased
CRP levels may be a trait marker of suicidal attempt. Eur Neuropsychopharmacol.
2015;25:1824–31.

20. Interian A, Myers CE, Chesin MS, Kline A, Hill LS, King AR, et al. Towards the
objective assessment of suicidal states: some neurocognitive deficits may be
temporally related to suicide attempt. Psychiatry Res. 2020;287:112624.

21. Kitzbichler MG, Aruldass AR, Barker GJ, Wood TC, Dowell NG, Hurley SA, et al.
Peripheral inflammation is associated with micro-structural and functional con-
nectivity changes in depression-related brain networks. Mol Psychiatry.
2021;26:7346–54.

22. Bryant RA, Breukelaar IA, Williamson T, Felmingham K, Williams LM, Korgaonkar
MS. The neural connectome of suicidality in adults with mood and anxiety dis-
orders. Nat Ment Health. 2024;2:1342–9.

23. Herzog S, Bartlett EA, Zanderigo F, Galfalvy HC, Burke A, Mintz A, et al. Neu-
roinflammation, stress-related suicidal ideation, and negative mood in depres-
sion. JAMA Psychiatry. 2024. https://doi.org/10.1001/jamapsychiatry.2024.3543

24. Marsland AL, Walsh C, Lockwood K, John-Henderson NA. The effects of acute
psychological stress on circulating and stimulated inflammatory markers: A sys-
tematic review and meta-analysis. Brain Behav Immun. 2017;64:208.

25. First MB. Structured Clinical Interview for the DSM (SCID). In: Cautin RL, Lilienfeld
SO (eds). The encyclopedia of clinical psychology. Hoboken, NJ: John Wiley &
Sons, Ltd; 2015, pp. 1–6.

26. Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The
Columbia-suicide severity rating scale: initial validity and internal consistency
findings from three multisite studies with adolescents and adults. Am J Psy-
chiatry. 2011;168:1266–77.

27. Toma S, Sinyor M, Mitchell RHB, Schaffer A. Transdiagnostic suicidality in
depression: more similar than different? Acta Psychiatr Scand. 2023;148:
219–21.

28. Daray FM, Grendas LN, Arena ÁR, Tifner V, Álvarez Casiani RI, Olaviaga A, et al.
Decoding the inflammatory signature of the major depressive episode: insights
from peripheral immunophenotyping in active and remitted condition, a
case–control study. Transl Psychiatry. 2024;14:1–17.

29. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, et al.
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. BMJ. 2007;335:806–8.

30. Levin Y. The role of statistical power analysis in quantitative proteomics. Pro-
teomics. 2011;11:2565–7.

31. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring
depression. Arch Gen Psychiatry. 1961;4:561–71.

32. Ducasse D, Olié E, Guillaume S, Artéro S, Courtet P. A meta-analysis of cytokines in
suicidal behavior. Brain Behav Immun. 2015;46:203–11.

33. Herbers J, Miller R, Walther A, Schindler L, Schmidt K, Gao W, et al. How to deal
with non-detectable and outlying values in biomarker research: Best practices
and recommendations for univariate imputation approaches. Compr Psycho-
neuroendocrinol. 2021;7:100052.

34. Bainter SA, McCauley TG, Wager T, Losin EAR. Improving practices for selecting a
subset of important predictors in psychology: an application to predicting pain.
Adv Methods Pract Psychol Sci. 2020;3:66–80.

35. Jauhar S, Arnone D, Baldwin DS, Bloomfield M, Browning M, Cleare AJ, et al. A
leaky umbrella has little value: evidence clearly indicates the serotonin system is
implicated in depression. Mol Psychiatry. 2023;28:3149–52.

36. Holck A, Wolkowitz OM, Mellon SH, Reus VI, Nelson JC, Westrin Å, et al. Plasma
serotonin levels are associated with antidepressant response to SSRIs. J Affect
Disord. 2019;250:65–70.

37. Musil R, Schwarz MJ, Riedel M, Dehning S, Cerovecki A, Spellmann I, et al. Ele-
vated macrophage migration inhibitory factor and decreased transforming
growth factor-beta levels in major depression–no influence of celecoxib treat-
ment. J Affect Disord. 2011;134:217–25.

38. Pallavi P, Sagar R, Mehta M, Sharma S, Subramanium A, Shamshi F, et al. Serum
cytokines and anxiety in adolescent depression patients: gender effect. Psy-
chiatry Res. 2015;229:374–80.

39. Rush G, O’Donovan A, Nagle L, Conway C, McCrohan A, O’Farrelly C, et al.
Alteration of immune markers in a group of melancholic depressed patients and
their response to electroconvulsive therapy. J Affect Disord. 2016;205:60–8.

40. Caraci F, Spampinato SF, Morgese MG, Tascedda F, Salluzzo MG, Giambirtone MC,
et al. Neurobiological links between depression and AD: the role of TGF-
β1 signaling as a new pharmacological target. Pharmacol Res. 2018;130:374–84.

41. Fidilio A, Grasso M, Caruso G, Musso N, Begni V, Privitera A, et al. Prenatal stress
induces a depressive-like phenotype in adolescent rats: the key role of TGF-β1
pathway. Front Pharmacol. 2022;13:1075746.

A. Lengvenyte et al.

8

Translational Psychiatry          (2025) 15:377 

https://doi.org/10.1038/s41380-024-02587-5
https://doi.org/10.1001/jamapsychiatry.2024.3543


42. Wei Y, Chang L, Hashimoto K. Intranasal administration of transforming growth
factor-β1 elicits rapid-acting antidepressant-like effects in a chronic social defeat
stress model: a role of TrkB signaling. Eur Neuropsychopharmacol. 2021;50:55–63.

43. Koupenova M, Clancy L, Corkrey HA, Freedman JE. Circulating platelets as
mediators of immunity, inflammation, and thrombosis. Circ Res. 2018;122:337–51.

44. Resovi A, Pinessi D, Chiorino G, Taraboletti G. Current understanding of the
thrombospondin-1 interactome. Matrix Biol. 2014;37:83–91.

45. Grassi-Oliveira R, Brieztke E, Teixeira A, Pezzi JC, Zanini M, Lopes RP, et al. Per-
ipheral chemokine levels in women with recurrent major depression with suicidal
ideation. Braz J Psychiatry. 2012;34:71–5.

46. Annam J, Galfalvy HC, Keilp JG, Simpson N, Huang Y-Y, Nandakumar R, et al.
Plasma cytokine and growth factor response to acute psychosocial stress in
major depressive disorder. J Psychiatr Res. 2024;169:224–30.

47. Okada-Tsuchioka M, Omori W, Kajitani N, Shibasaki C, Itagaki K, Takebayashi M.
Decreased serum levels of thrombospondin-1 in female depressed patients.
Neuropsychopharmacol Rep. 2020;40:39–45.

48. Idemoto K, Ishima T, Niitsu T, Hata T, Yoshida S, Hattori K, et al. Platelet-derived
growth factor BB: a potential diagnostic blood biomarker for differentiating
bipolar disorder from major depressive disorder. J Psychiatr Res. 2021;134:48–56.

49. Kittel-Schneider S, Hahn T, Haenisch F, McNeill R, Reif A, Bahn S. Proteomic
profiling as a diagnostic biomarker for discriminating between bipolar and uni-
polar depression. Front Psychiatry. 2020;11:189.

50. Benedetti F, Poletti S, Hoogenboezem TA, Locatelli C, Ambrée O, de Wit H, et al.
Stem Cell Factor (SCF) is a putative biomarker of antidepressant response. J
Neuroimmune Pharmacol. 2016;11:248–58.

51. Pitharouli MC, Hagenaars SP, Glanville KP, Coleman JRI, Hotopf M, Lewis CM, et al.
Elevated C-reactive protein in patients with depression, independent of genetic,
health, and psychosocial factors: results from the UK biobank. Am J Psychiatry.
2021;178:522–9.

52. Foley ÉM, Parkinson JT, Mitchell RE, Turner L, Khandaker GM. Peripheral blood
cellular immunophenotype in depression: a systematic review and meta-analysis.
Mol Psychiatry. 2023;28:1004–19.

53. Lengvenyte A, Strumila R, Belzeaux R, Aouizerate B, Dubertret C, Haffen E, et al.
Associations of white blood cell and platelet counts with specific depressive
symptom dimensions in patients with bipolar disorder: analysis of data from the
FACE-BD cohort. Brain Behav Immun. 2022;108:176–87.

54. Snijders G, Schiweck C, Mesman E, Grosse L, De Wit H, Nolen WA, et al. A dynamic
course of T cell defects in individuals at risk for mood disorders. Brain Behav
Immun. 2016;58:11–7.

55. Sørensen NV, Frandsen BH, Orlovska-Waast S, Buus TB, Ødum N, Christensen RH,
et al. Immune cell composition in unipolar depression: a comprehensive sys-
tematic review and meta-analysis. Mol Psychiatry. 2023;28:391–401.

56. Grosse L, Hoogenboezem T, Ambrée O, Bellingrath S, Jörgens S, de Wit HJ, et al.
Deficiencies of the T and natural killer cell system in major depressive disorder: T
regulatory cell defects are associated with inflammatory monocyte activation.
Brain Behav Immun. 2016;54:38–44.

57. Leday GGR, Vértes PE, Richardson S, Greene JR, Regan T, Khan S, et al. Replicable
and coupled changes in innate and adaptive immune gene expression in two
case-control studies of blood microarrays in major depressive disorder. Biol
Psychiatry. 2018;83:70–80.

58. Grendas LN, Carrera Silva EA, Álvarez, Casiani RI, Olaviaga A, Robetto J, et al.
Immunological alterations in patients with current and lifetime suicide ideation
and attempts: examining the relationship with depressive symptoms. Brain
Behav Immun - Health. 2024;38:100777.

59. Al-Hakeim HK, Al-Naqeeb TH, Almulla AF, Maes M. The physio-affective phenome
of major depression is strongly associated with biomarkers of astroglial and
neuronal projection toxicity which in turn are associated with peripheral
inflammation, insulin resistance and lowered calcium. J Affect Disord.
2023;331:300–12.

60. Bavato F, Barro C, Schnider LK, Simrén J, Zetterberg H, Seifritz E, et al. Introducing
neurofilament light chain measure in psychiatry: current evidence, opportunities,
and pitfalls. Mol Psychiatry. 2024;29:2543–59. https://doi.org/10.1038/s41380-
024-02524-6

61. Chen M-H, Liu Y-L, Kuo H-W, Tsai S-J, Hsu J-W, Huang K-L, et al. Neurofilament
light chain is a novel biomarker for major depression and related executive
dysfunction. Int J Neuropsychopharmacol. 2021;25:99–105.

62. Michel M, Fiebich BL, Kuzior H, Meixensberger S, Berger B, Maier S, et al. Increased
GFAP concentrations in the cerebrospinal fluid of patients with unipolar
depression. Transl Psychiatry. 2021;11:308.

63. Steinacker P, Al Shweiki MR, Oeckl P, Graf H, Ludolph AC, Schönfeldt-Lecuona C,
et al. Glial fibrillary acidic protein as blood biomarker for differential diagnosis
and severity of major depressive disorder. J Psychiatr Res. 2021;144:54–8.

64. Janigro D, Bailey DM, Lehmann S, Badaut J, O’Flynn R, Hirtz C, et al. Peripheral
blood and salivary biomarkers of blood-brain barrier permeability and neuronal
damage: clinical and applied concepts. Front Neurol. 2020;11:577312.

65. Rodrigues-Amorim D, Rivera-Baltanás T, del Carmen Vallejo-Curto M, Rodriguez-
Jamardo C, de las Heras E, Barreiro-Villar C, et al. Plasma β-III tubulin, neurofila-
ment light chain and glial fibrillary acidic protein are associated with neurode-
generation and progression in schizophrenia. Sci Rep. 2020;10:14271.

66. Schiweck C, Valles-Colomer M, Arolt V, Müller N, Raes J, Wijkhuijs A, et al.
Depression and suicidality: a link to premature T helper cell aging and increased
Th17 cells. Brain Behav Immun. 2020;87:603–9.

67. Fan K-Q, Li Y-Y, Wang H-L, Mao X-T, Guo J-X, Wang F, et al. Stress-induced
metabolic disorder in peripheral CD4+ T cells leads to anxiety-like behavior. Cell.
2019;179:864–79.e19.

68. Schlaaff K, Dobrowolny H, Frodl T, Mawrin C, Gos T, Steiner J, et al. Increased
densities of T and B lymphocytes indicate neuroinflammation in subgroups of
schizophrenia and mood disorder patients. Brain Behav Immun. 2020;88:497–506.

69. Sarfati Y, Bouchaud B, Hardy-Baylé M-C. Cathartic effect of suicide attempts not
limited to depression: a short-term prospective study after deliberate self-
poisoning. Crisis. 2003;24:73–8.

70. Uchino BN, Trettevik R, Kent de Grey RG, Cronan S, Hogan J, Baucom BRW. Social
support, social integration, and inflammatory cytokines: a meta-analysis. Health
Psychol. 2018;37:462–71.

71. Geiger AM, Pitts KP, Feldkamp J, Kirschbaum C, Wolf JM. Cortisol-dependent
stress effects on cell distribution in healthy individuals and individuals suffering
from chronic adrenal insufficiency. Brain Behav Immun. 2015;50:241–8.

72. Kotas ME, Medzhitov R. Homeostasis, inflammation, and disease susceptibility.
Cell. 2015;160:816–27.

73. Melhem NM, Porta G, Oquendo MA, Zelazny J, Keilp JG, Iyengar S, et al. Severity
and variability of depression symptoms predicting suicide attempt in high-risk
individuals. JAMA Psychiatry. 2019;15213:1–11.

74. Tournier M, Bénard-Laribière A, Jollant F, Hucteau E, Diop P-Y, Jarne-Munoz A,
et al. Risk of suicide attempt and suicide associated with benzodiazepine: a
nationwide case crossover study. Acta Psychiatr Scand. 2023;148:233–41.

75. Reutfors J, Andersson TM-L, Tanskanen A, DiBernardo A, Li G, Brandt L, et al.
Risk factors for suicide and suicide attempts among patients with treatment-
resistant depression: Nested Case-Control Study. Arch Suicide Res.
2021;25:424–38.

76. Wang L, Wang R, Liu L, Qiao D, Baldwin DS, Hou R. Effects of SSRIs on peripheral
inflammatory markers in patients with major depressive disorder: a systematic
review and meta-analysis. Brain Behav Immun. 2019;79:24–38.

77. Patel S, Keating BA, Dale RC. Anti-inflammatory properties of commonly used
psychiatric drugs. Front Neurosci. 2023;16:1039379.

78. Velasco A, Lengvenyte A, Rodriguez-Revuelta J, Jimenez-Treviño L, Courtet P,
Garcia-Portilla MP, et al. Neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
ratio, and monocyte-to-lymphocyte ratio in depressed patients with suicidal
behavior: a systematic review. Eur Psychiatry. 2023;67:1–25.

79. Lion M, Muller M, Ibrahim EC, El-Hage W, Lengvenyte A, Courtet P, et al. Role of
depression, suicide attempt history and childhood trauma in neutrophil-to-
lymphocyte ratio dynamics: a 30-week prospective study. Prog Neuropsycho-
pharmacol Biol Psychiatry. 2025;136:111227.

80. Kaur S, Roberts DD. Why do humans need thrombospondin-1? J Cell Commun
Signal. 2023;17:485–93.

ACKNOWLEDGEMENTS
This study was supported by Agence Nationale de la Recherche (grant number ANR-
21-CE17-0017) and Fondation de France.

AUTHOR CONTRIBUTIONS
PC and NM obtained funding, conceptualized and designed the study. MBo, EO, and
PC contributed to protocol development and participant recruitment. MBl and NM
performed blood cell analyses, while HHC and FC analyzed blood proteins. JD curated
data. AL and JD performed statistical analyses and visualization. AL interpreted the
results and drafted the manuscript under the supervision of NM and PC. All authors
reviewed and approved the final version of the manuscript.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
All procedures were performed in accordance with the ethical standards of the
Declaration of Helsinki and relevant national and institutional guidelines and
regulations. The study was approved by CHU Montpellier’s Institutional Review Board
(approval number 2019-A01277-50) and registered (NCT04137458). Informed consent
was obtained from all participants prior to their inclusion in the study.

A. Lengvenyte et al.

9

Translational Psychiatry          (2025) 15:377 

https://doi.org/10.1038/s41380-024-02524-6
https://doi.org/10.1038/s41380-024-02524-6


COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41398-025-03601-2.

Correspondence and requests for materials should be addressed to
Aiste Lengvenyte, Nicola Marchi or Philippe Courtet.

Reprints and permission information is available at http://www.nature.com/
reprints

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

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

A. Lengvenyte et al.

10

Translational Psychiatry          (2025) 15:377 

https://doi.org/10.1038/s41398-025-03601-2
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Integrating cellular and soluble immune signatures of major depression with and without recent suicide attempts
	Introduction
	Materials and methods
	Study design and participants
	Sample size
	Assessments
	Flow cytometry
	Plasma and serum protein analyses
	Statistical analysis

	Results
	Sample characteristics
	Multiple factorial analysis
	Feature selection analyses
	Sensitivity analysis in patients with major depressive disorder

	Discussion
	Immune modulation and growth factors
	Cellular shift towards innate immunity in depression
	Neuroinflammation
	Differences between patients with depression with recent suicide attempt history from those without
	Limitations
	Conclusion and future directions

	References
	Acknowledgements
	Author contributions
	Ethics approval and consent to participate
	ACKNOWLEDGMENTS
	Competing interests
	ADDITIONAL INFORMATION




