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Paranoid schizophrenia is a severe mental illness with both positive and negative symptoms. 
Currently, the role of peripheral and central inflammation is increasingly suspected as possible factor 
in the pathogenesis of schizophrenia. This retrospective, monocentric pilot study investigated 35 
patients (15/35 female) diagnosed with paranoid schizophrenia after exclusion of possible underlying 
neuroinflammatory disorders to assess for inflammatory changes of the cerebrospinal fluid (CSF) 
and associated signs of neurodegeneration. Kappa free light chains (KFLC), a panel of 21 cyto- and 
chemokines, and neurofilament light chains (NFL) as surrogate parameters for neuro-inflammation 
and -degeneration were determined in patients with paranoid schizophrenia as well as age- and 
sex-matched inflammatory (n = 35) and non-inflammatory controls (n = 40). Patients with paranoid 
schizophrenia exhibited significantly higher intrathecal synthesized fractions of KFLC than non-
inflammatory controls. KFLC-positive patients with paranoid schizophrenia had significantly 
higher NFL concentrations in CSF than KFLC-negative patients according to Reiber´s diagram. NFL 
concentrations in CSF of patients with paranoid schizophrenia were associated with illness duration, 
frequency of psychotic episodes, and amount of antipsychotic treatment attempts. This pilot study 
highlights inflammatory changes in the CSF among a specific subgroup of patients with paranoid 
schizophrenia, positively correlating with elevated NFL levels in CSF.
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Schizophrenia is a complex, severe, and heterogeneous mental illness characterized by positive (mostly auditory 
hallucinations) and negative symptoms (such as decreased emotional expression) as well as cognitive impairment1. 
Despite extensive research, pathogenesis of schizophrenia is not fully understood and no biomarkers have yet 
been implemented in clinical practice. To date, two rather complementary models of pathogenesis are discussed. 
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First, there is the neurodevelopmental hypothesis, which proposes genetic and environmental factors as a major 
influence2. Based on various neuroimaging parameters, it has been proposed that brain changes during childhood 
and adolescence might contribute to the development of schizophrenia2–4. On the other hand, the early onset and 
steadily progressive course of cognitive decline in patients with schizophrenia was discussed more than 100 years 
ago as “dementia praecox,” a neurodegenerative disorder5. Accordingly, several neuroimaging and biomarker 
studies reported similarities between patients with schizophrenia and different types of dementias6–8. In addition 
to neurodegeneration, signs of inflammatory activity have also been described in schizophrenia, similar to early 
stages of Alzheimer´s disease9. Some studies found signs of inflammation in cerebrospinal fluid (CSF) such as 
an increase in inflammatory cells, immunoglobulins, cytokines and chemokines10–14. However, inflammation in 
schizophrenia is a complex and multifaceted issue and the literature is rich with conflicting results and varied 
methodologies15. Numerous studies have explored inflammation in schizophrenia through different lenses, 
such as immune dysregulation, neuroinflammation, and peripheral inflammatory markers like cytokines15. In 
these investigations, various immune-related pathways including microglial activation and blood-brain barrier 
dysfunction have been reported and a large diversity of inflammatory markers investigated10–15. However, in the 
past years markers for neuro-axonal damage in patients diagnosed with neuroinflammatory diseases emerged as 
potential diagnostic and prognostic markers16. Recently, neurofilament light chains (NFL), which form crucial 
intermediate filaments for neuron assembly, have been investigated to distinguish dementias and autoimmune 
mediated encephalitis from primary psychiatric disorders16–20. Here, NFL was highlightened as exclusionary 
biomarker and it was concluded that NFL do not hold diagnostic value for patients with psychotic disorders16–20. 
Nevertheless, NFL are known to be involved in the regulation of neurotransmission and synapses, thus NFL 
have been investigated in serum and CSF of patients with psychotic disorders to analyze their utility to assess 
for prognosis and diagnosis in specific subgroups of patients with psychotic disorders21–24. In these studies, NFL 
revealed usefulness as potential biomarker for illness progression and treatment resistance in schizophrenia21–24.

Kappa free light chains (KFLC), a byproduct of intact immunoglobulin synthesis by B and plasma cells, have 
become established as an additional diagnostic parameter for the detection of the humoral immune response in 
the CNS, alongside the gold standard, oligoclonal bands25. Although KFLC have been shown to detect intrathecal 
immunoglobulin synthesis with high accuracy in patients with various inflammatory and non-inflammatory 
neurological disorders, they have not yet been studied in patients with schizophrenia26.

Therefore, the aim of the present study was to assess for inflammatory changes (KFLC, cyto-/chemokines) 
and inflammation-related neurodegeneration (NFL) in the CSF of patients with paranoid schizophrenia thus 
uniting the currently discussed pathophysiological models of neuroinflammation and neurodegeneration.

Results
Patients
Patient’s characteristics are shown in Table 1. The sex distribution of the patients with paranoid schizophrenia 
was similar and 15/35 (43%) of the included patients were female, while 20/35 (57%) were male. Participants all 
self-identified as white Caucasians. The mean age at lumbar puncture was 30 years. The control subjects with 
inflammatory and non-inflammatory diseases were similar in sex (15/35 and 25/40 females, p = 0.336) and age 
(30 and 35 years, p = 0.096).

34% of patients with paranoid schizophrenia had their first psychotic episode on admission, 26% of patients 
had their second episode and 40% of patients had at least 3 psychotic episodes. The median time from symptom 
onset to lumbar puncture was 38 months.

The interview at admission revealed that most of the included patients with paranoid schizophrenia had 
delusions, hallucinations, disorganization and a reduced psychomotor drive, whereas in the majority of the 
patients with schizophrenia ego disorders could not have been assuredly detected (Table 1).

Serological analysis to investigate possible autoimmune diseases revealed a borderline elevated ANA titre of 
1:160 in one patient with paranoid schizophrenia, while the other serological tests (extractable nuclear antigen 
antibodies (ENA), rheumatoid factor, anti-neutrophil cytoplasmic antibodies (ANCA), anti-thyroid antibodies, 
antineuronal antibodies (NMDA, CASPR2, LGI1. GABA, AMPAR, DPPX; anti-yo, -hu, -ri, -amphiphysin, 
-CV2/CRMP-5, -ma1, -ma2, -GAD, -sox1) were negative.

Virological (measles, rubella, varicella zoster, herpes simplex, Ebstein-Barr-virus, cytomegalic virus) and 
bacteriological (borrelia, syphilis) tests showed an elevated antibody specific index of 1.6 for rubella virus in one 
patient with paranoid schizophrenia without a concomitant elevated CSF cell count, while all other patients had 
normal results.

Basic CSF parameters
Table 2 provides an overview of the basic CSF parameters for the included patients and controls.

In the majority of patients with paranoid schizophrenia, the basic CSF parameters were normal or showed 
non-specific changes, such as a blood-CSF barrier dysfunction (40%) as indicated by elevated albumin CSF-
serum quotient. In four individual patients (11%), CSF pleocytosis and CSF-specific oligoclonal bands were 
observed including one patient who displayed isolated intrathecal IgM synthesis in Reiber’s diagram.

Patients diagnosed with MS exhibited inflammatory changes in the basic CSF parameters significantly more 
often than patients diagnosed with paranoid schizophrenia, including frequent CSF pleocytosis (80%), blood-
CSF barrier dysfunction (43%), intrathecal immunoglobulin IgG (66%), IgA (9%) and IgM synthesis (10%), and 
CSF-specific oligoclonal bands (100%). Non-inflammatory controls were characterized by mainly normal CSF 
findings, without pleocytosis or intrathecal immunoglobulin synthesis. 25% of the non-inflammatory controls 
exhibited a blood-CSF barrier dysfunction. Comparison with patients with paranoid schizophrenia revelaed 
significant differences for the proportion of patients with pleocytosis and CSF-specific oligoclonal bands as well 
as the concentration of CSF total protein, which were significantly lower in non-inflammatory controls (Table 2).
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Kappa free light chains
Table 3 presents the results of KFLC measurements, acting as a surrogate marker for intrathecal inflammation, 
among the participants and controls. As described in the methods section, the Reiber diagram was applied to 
dichotomize whether an intrathecal synthesis of KFLC was present or not.

Among the patients with paranoid schizophrenia, 20% exhibited intrathecal KFLC synthesis as per Reiber’s 
KFLC diagram, with an average synthesis rate of 33%. The average fraction of intrathecally synthesized KFLC 
was 0.065 mg/l. None of these patients with paranoid schizophrenia and intrathecal KFLC synthesis revealed 
abnormalities suggestive for seronegative autoimmune encephalitis or infections in MRI or EEG.

In comparison to individuals with paranoid schizophrenia, the control group of patients with inflammation 
(MS) showed significantly higher levels of KFLC in CSF (mean 6.93  mg/l vs. 0.2  mg/l). Additionally, these 
patients exhibited a higher prevalence of intrathecal KFLC synthesis according to Reiber’s diagram (100%), 
higher intrathecal synthesis (91%), and a larger proportion of intrathecally synthesized KFLC (6.8 mg/l).

In the comparison between non-inflammatory control individuals and patients with paranoid schizophrenia, 
it was evident that non-inflammatory control subjects exhibited significantly higher KFLC concentrations in 

Demographics

Females / males 15/20

Age [years], median (interquartile range) 30 (23–40)

Amount of psychotic episodes [n], median (interquartile range) 2 (2–9)

First psychotic episode, n (%) 12/35 (34%)

Second psychotic episode, n (%) 9/35 (26%)

3 or more psychotic episodes, n (%) 14/35 (40%)

Time between symptom onset and LP [months], median (interquartile range) 38 (7-118)

Substance users

Smoker (at least 12 months), n (%) 25/35 (71%)

Alcohol use disorder diagnosis, n (%) 8/35 (23%)

Cannabis (at least 12 months), n (%) 8/35 (23%)

Other drugs, n (%) 5/35 (14%)

Clinial presentation of schizophrenia

Delusions / without delusions [n] 20/15

Hallucination / without hallucinations [n] 19/16

Assured disturbance of self-experience / without assured disturbance of self-experience [n]* 10/25

Disorganization / without disorganization [n] 31/4

Psychomotor drive reduced / psychomotor drive increased [n] 24/11

Suicidal ideation / without suicidal ideation [n] 6/29

Amount of suicide attempts [n], median (min-max) 0 (0–5)

Treatment

Antipsychotic pharmaco-therapy, n (%) 28/35 (80%)

First anti-psychotic pharmaco-therapy attempt, n (%) 13/28 (46%)

Second anti-psychotic pharmaco-therapy attempt, n (%) 3/28 (11%)

3 or more anti-psychotic pharmaco-therapy attempts, n (%) 12/28 (43%)

Without antipsychotic pharmaco-therapy, n (%) 7/35 (20%)

Antipsychotics at sampling, n (%) 28/35 (80%)

Typical antipsychotic with high potency, n (%) 15/35 (43%)

Typical antipsychotic with low potency, n (%) 5/35 (14%)

Atypical antipsychotics, n (%) 18/35 (51%)

Clozapine, n (%) 2/18 (11%)

Olanzapine, n (%) 6/18 (33%)

Antidepressants at sampling, n (%) 4/35 (11%)

SSRI, n (%) 1/35 (3%)

SSNRI, n (%) 1/35 (3%)

Mirtazapine, n (%) 2/35 (6%)

Tricyclics, n (%), Lithium, n (%) 0/35, 0/35

Benzodiazepines, n (%) 18/35 (51%)

Anticonvulsants, n (%) 3/35 (9%)

Table 1.  Characteristics of patients with schizophrenia at admission. SSRI = selective serotonin reuptake 
inhibitor; SSNRI = selective serotonin noradrenalin reuptake inhibitor. *”Assured” meaning that the 
disturbance of self-experience was objectively assessed and confirmed by an experienced psychiatrist.
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their serum (mean 15.9 mg/l compared to 13.1 mg/l among patients with paranoid schizophrenia). Conversely, 
there was a significant difference in the percentage of patients with intrathecal KFLC synthesis according to 
Reiber’s diagram, with patients with paranoid schizophrenia showing a significantly higher proportion (33%) 
compared to the non-inflammatory control group (0%). Consequently, the rate of intrathecal synthesis (0%) and 
the fraction of KFLC synthesized intrathecally (0.024 mg/l) were lower among the non-inflammatory control 
subjects.

Since significantly higher KFLC levels were found in patients with paranoid schizophrenia compared with 
non-inflammatory controls, further characterization employing analyses of cytokines, chemokines, growth 
factors as well as NFL was enrolled.

Cytokines, chemokines and growth factors
In terms of determination of cytokines and chemokines as well as growth factor concentrations in CSF, all 
samples revealed detectable concentrations of MCP-1, IL-6, IL-8, and sTREM-2 (Table 4). For all other cytokines 
and chemokines as well as growth factors, concentrations were detectable in less than 90% of the patients and 
were thus not suitable for statistical analyses.

The concentrations of MCP1 were statistically significantly lower in patients diagnosed with MS compared 
to patients with paranoid schizophrenia. There were no significant differences between patients with paranoid 
schizophrenia and non-inflammatory controls.

Cerebrospinal fluid (CSF) results Schizophrenia (n = 35) Non-inflammatory controls (n = 40)

Inflammatory 
controls 
(n = 35)

KFLC

CSF KFLC concentration [mg/l], mean (SD) 0.2 (0.16) 0.2 (0.11)
p = 0.260

6.93 (8.55)
p < 0.001

Serum KFLC concentration [mg/l], mean (SD) 13.1 (5.54) 15.9 (5.49)
p = 0.008

11.3 (4.45)
p = 0.164

Intrathecal fraction (IF) > 0% according to Reiber´s diagram for KFLC, 
n (%) 7 (20%) 0

p = 0.003
35 (100%)
p = 0.003

Intrathecal KFLC fraction according to Reiber´s diagram for KFLC [%], 
mean (SD) 33 (18.29) 0

p < 0.001
90.7 (9.08)
p < 0.001

Intrathecally synthesized KFLC (KFLCLoc) [mg/l], mean (SD) 0.065 (0.13) 0.024 (0.04)
p = 0.028

6.814 (8.56)
p < 0.001

NFL

CSF NFL concentration [pg/ml], mean (SD) 399 (220) 733 (1380)
p = 0.119

1984 (2557)
p < 0.001

Serum NFL concentration [pg/ml], mean (SD) 20 (25) 68 (210)
p = 0.777

27 (17)
p = 0.005

Table 3.  Kappa free light chains (KFLC) and neurofilament light chain (NFL). CSF = cerebrospinal fluid; 
KFLC = kappa free light chains; NFL = neurofilament light chain; SD = standard deviation. The presented 
p-values reflect the comparison between the corresponding control group (inflammatory or non-
inflammatory) and individuals with schizophrenia.

 

CSF results Schizophrenia (n = 35) Non-inflammatory controls (n = 40) Inflammatory controls (n = 35)

Elevated cell count (> 4/µl), n (%) 4 (11%) 0 
p = 0.043

28 (80%)
p < 0.001

Elevated albumin CSF-serum quotient, n (%) 14 (40%) 10 (25%)
p = 0.217

15 (43%)
p = 1

CSF total protein (mg/l), mean (SD) 424 (138) 469 (163)
p < 0.001

354 (129)
p < 0.001

Elevated CSF lactate [mmol/l], n (%) 0 0
p = 1

13 (37%)
p < 0.001

Intrathecally synthesized IgG according to Reiber´s diagram [%], n (%) 0 0
p = 1

23 (66%)
p < 0.001

Intrathecally synthesized IgA according to Reiber´s diagram [%], n (%) 0 0
p = 1

3 (9%)
p = 0.239

Intrathecally synthesized IgM according to Reiber´s diagram [%], n (%) 1 (3%) 0
p = 0.467

10 (29%)
p = 0.003

CSF-specific oligoclonal bands, n (%) 4 (11%) 0
p = 0.043

35 (100%)
p < 0.001

Table 2.  Basic cerebrospinal fluid (CSF) parameters. CSF = cerebrospinal fluid; Ig = immunoglobulin; 
SD = standard deviation. The presented p-values reflect the comparison between the corresponding control 
group (inflammatory or non-inflammatory) and individuals with schizophrenia.
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The IL-8 concentrations were significantly higher in patients diagnosed with MS compared to patients with 
paranoid schizophrenia. There were no significant differences between patients with paranoid schizophrenia 
and non-inflammatory controls.

The concentrations of sTREM-2 were similar among the three groups. IL-6 concentrations tended to be 
slightly lower in patients diagnosed with MS compared to the other two groups, but the differences were not 
statistically significant.

Neurofilament light chains
The concentrations of neurofilaments as surrogate parameter for neuro-axonal damage associated with 
intrathecal inflammation in both the CSF and serum were significantly higher in patients diagnosed with 
MS compared to patients with paranoid schizophrenia (Table 3; p-values < 0.001 and 0.005, respectively). No 
significant differences in neurofilament concentrations in CSF and blood were found between patients with 
paranoid schizophrenia and non-inflammatory controls (Table 3; p-values 0.119 and 0.777, respectively).

Patients with paranoid schizophrenia with inflammatory characteristics
Patients with intrathecal KFLC synthesis according to Reiber’s diagram were compared with patients without 
intrathecal KFLC synthesis and thus without signs of inflammation in the CSF. Patients with paranoid 
schizophrenia who exhibited intrathecal KFLC synthesis as indicated by Reiber’s diagram for KFLC (referred to 
as KFLC + patients) demonstrated significantly higher NFL concentrations in CSF compared to KFLC-negative 
patients (459 pg/ml vs. 353 pg/ml, as depicted in Fig. 1E). The analysis of demographic, clinical, and laboratory 
parameters in KFLC + and KFLC- patients with paranoid schizophrenia did not yield any statistically significant 
differences (Table 5).

Association with parameters of illness severity in patients with paranoid schizophrenia
Since significantly different concentration levels of NFL in CSF between patients with paranoid schizophrenia 
with and without intrathecal KFLC synthesis were observed, different influencing factors were examined 
to explore their correlation with the severity of the condition within the group of patients with paranoid 
schizophrenia.

As an indicative measure of a persistent or ongoing illness course, the number of psychotic episodes up to 
the point of sampling was examined. Patients who experienced three or more psychotic episodes displayed 
significantly higher CSF NFL concentrations (527 pg/ml) compared to patients in their initial or second episode 
(315 pg/ml, p = 0.0161; Fig. 1A). Moreover, this group of patients also exhibited a significantly difference in age 
(median age for first/second episodes 26 years versus 43 years for ≥ 3 episodes; p = 0.0078), along with elevated 
serum KFLC levels (mean concentration for first/second episodes 11.6 mg/ml compared to ≥ 3 episodes 15.4 mg/
ml; p = 0.0251). A multivariate analysis considering age as covariate was performed to verify the independence of 
the association between CSF NFL and the number of previous psychotic episodes. A significant linear regression 
and correlation emerged between the number of psychotic episodes and CSF NFL concentrations (Fig. 1B).

Another surrogate measure for a refractory illness course was the amount of antipsychotic treatment 
attempts. Patients with a history of up to 2 antipsychotic treatment attempts during the current psychotic episode 
exhibited significantly lower CSF NFL concentrations (324 pg/ml) compared to patients with 3 or more distinct 
antipsychotic treatment attempts (528 pg/ml; p = 0.0389; Fig. 1C). Antipsychotic drugs with anti-inflammatory 
properties (olanzapine, clozapine) were not significantly different used in patients with paranoid schizophrenia.

Lastly, the period from onset of symptoms to the time of sampling, serving as an indicator of a chronic illness 
course, was examined. After accounting for age and eGFR, a significant linear regression and positive correlation 
were identified between the number of months since symptom onset and CSF NFL concentrations (Fig. 1D).

Investigating KFLC concentrations in both CSF and serum, along with neurofilament concentrations 
in serum, as well as levels of cyto-, chemokines, and growth factors (MCP-1, IL-6, IL-8, and sTREM-2), no 
significant differences or correlations were identified (data not presented).

Likewise, no significant differences or correlations were observed in relation to the clinical manifestation or 
sex of patients with paranoid schizophrenia (data not presented).

Cerebrospinal fluid (CSF) results Schizophrenia (n = 35) Non-inflammatory controls (n = 40) Inflammatory controls (n = 35)

MCP-1 concentration [pg/ml], mean (SD) 650 (410) 667 (455)
p = 0.862

316 (299)
p < 0.001

IL-8 concentration [pg/ml], mean (SD) 48 (053) 51 (76)
p = 0.602

178 (178)
p = 0.002

sTREM-2 concentration [pg/ml], mean (SD) 4552 (5371) 4677 (4299)
p = 0.384

4324 (3179)
p = 0.529

IL-6 concentration [pg/ml], mean (SD) 2.68 (3.48) 3.38 (8.07)
p = 0.751

1.61 (2.55)
p = 0.215

Table 4.  Cytokines, chemokines and growth factors in cerebrospinal fluid (CSF). CSF = cerebrospinal fluid; 
MCP-1 = monocyte chemoattractant protein 1; IL = interleukin; sTREM-2 = soluble triggering receptor 
expressed on myeloid cells; SD = standard deviation. The presented p-values reflect the comparison between 
the corresponding control group (inflammatory or non-inflammatory) and individuals with schizophrenia.

 

Scientific Reports |        (2025) 15:28319 5| https://doi.org/10.1038/s41598-025-13367-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 1.  Neurofilament light chain (NFL) concentrations in patients with schizophrenia in association with 
different measures for illness severity. (A) CSF NFL concentrations in patients who experienced three or more 
psychotic episodes compared to patients in their initial or second episode. (B) Correlation between the number 
of psychotic episodes and CSF NFL concentrations. (C) CSF NFL concentrations in patients with a history of 
up to 2 antipsychotic treatment attempts compared to patients with 3 or more distinct antipsychotic treatment 
attempts. (D) Correlation between the number of months since symptom onset and CSF NFL concentrations. 
(E) CSF NFL concentrations in patients who exhibited intrathecal KFLC synthesis as indicated by Reiber’s 
diagram for KFLC compared to KFLC-negative patients. NFL = neurofilament light chain; KFLC = kappa 
free light chains; KFLC + = intrathecal KFLC synthesis according to Reiber´s diagram for KFLC; KFLC- = 
no intrathecal KFLC synthesis according to Reiber´s diagram for KFLC; ns = not significant (p-value > 0.05). 
P-values are indicated above the arrowed line or are given above the graph.
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Discussion
To our knowledge, this is the first study, which aimed to unite the inflammatory and the neurodegenerational 
model of paranoid schizophrenia employing recently emerging biomarkers in CSF and serum.

The main finding of the present study indicates that a distinct subgroup of patients with paranoid schizophrenia 
manifests inflammatory alterations in the CSF, as evidenced by KFLC positivity according to Reiber’s KFLC 
diagram. In line with the postulations of the inflammatory schizophrenia hypothesis, a subgroup of patients with 
inflammatory properties indicating an intrathecal humoral immune activation could have been identified15. 
Within this inflammatory subgroup, significantly higher NFL levels in the CSF were observed compared to 
patients without such inflammation, pointing to a different process of axonal pathology between these subgroups. 
Moreover, the study indicates a link between more severe illness courses, characterized by increased psychotic 
episodes and multiple antipsychotic treatment attempts, and increased CSF NFL concentrations, indicating a 
possible axonal pathology among a subgroup of individuals with paranoid schizophrenia. These findings might 
also be interpreted as possible link between behavioral-variant frontotemporal dementia and thus as additional 
biomarker to morphometrical changes as shown by Koutsouleris et al.7.

This study represents the first instance of the usage of KFLC interpreted by Reiber´s diagram to identify 
an inflammatory subset within the population of patients with paranoid schizophrenia, encompassing 20% of 
patients, despite excluding patients with paranoid schizophrenia with radiological evidence of MS or CIS27,28. 
As consistent with existing literature, KFLC determination exhibited high accuracy in detecting intrathecal 
immunoglobulin synthesis in patients with non-inflammatory conditions26. Nonetheless, it is important to 
note that KFLC positivity serves as a relatively non-specific indicator for intrathecal inflammation, thus KFLC 
should be considered as surrogate parameters rather than mediators of inflammatory activity25. Nevertheless, 
both CSF cell analysis via flow cytometry and cyto- and chemokine analyses have indicated inflammatory 
properties in patients with schizophrenia10–14. Interestingly, in the present study, group differences in cyto- and 
chemokine concentrations were only found, when patients with schizophrenia and MS were compared, with 
higher concentrations of MCP-1, which was already proposed as important factor within the inflammatory 
schizophrenia hypothesis13,15. However, in contrast to the postulations of this hypothesis, no significant 
differences between controls and patients with schizophrenia were found15.

An additional potential indicator supporting the involvement of inflammatory processes is the finding of 
elevated NFL levels in CSF among KFLC-positive patients with paranoid schizophrenia compared to their 
KFLC-negative counterparts. This subgroup appears to experience more pronounced neuroaxonal damage 
associated with neuro-inflammation than other individuals with paranoid schizophrenia, emphasizing the 
potential diagnostic value of KFLC determination within the diagnostic evaluation of patients with paranoid 
schizophrenia. Given that KFLC analysis could identify an inflammatory subset of patients with paranoid 
schizophrenia characterized by inflammation-related neuro-axonal damage (NFL), it raises questions about 

Characteristics Intrathecal KFLC synthesis (n = 7)
No intrathecal KFLC synthesis 
(n = 28)

P-
value

Demographics

Females / males 2/5 13/15 0.672

Age [years], median (interquartile range) 30 (29–56) 30 (22–39) 0.343

Months from symptom onset to LP, median (interquartile range) 118 (50–187) 18 (2–76) 0.073

Clinical data

Delusions / without delusions [n] 2/7 18/28 0.112

Halluzination / without Halluzinations [n] 2/7 17/28 0.229

Assured disturbance of self-experience / without assured disturbance of self-experience [n]* 1/7 9/28 0.645

Psychomotor drive reduced / psychomotor drive increased [n] 5/7 19/28 1

Psychotic episodes [n], median (interquartile range) 2 (2–9) 2 (2–8) 0.395

Antipsychotics at sampling, n (%) 6 (86%) 22 (79%) 0.380

Laboratory parameters**

NFL concentrations [pg/ml], mean (SD) 459 (149) 353 (200) 0.046

Serum NFL concentrations [pg/ml], mean (SD) 17 (18) 21 (27) 0.901

MCP-1 concentration [pg/ml], mean (SD) 619 (215) 658 (449) 0.757

IL-8 concentration [pg/ml], mean (SD) 48 (38) 48 (57) 0.695

sTREM-2 concentration [pg/ml], mean (SD) 8614 (9014) 3484 (3438) 0.224

IL-6 concentration [pg/ml], mean (SD) 2.84 (3.38) 2.64 (3.57) 0.635

eGFR [ml/min/1.73 m²], (SD) 105 (15) 108 (19) 0.703

Table 5.  Patients with schizophrenia with and without intrathecal KFLC synthesis. CSF = cerebrospinal 
fluid; KFLC = kappa free light chains; MCP-1 = monocyte chemoattractant protein 1; IL = interleukin; 
sTREM-2 = soluble triggering receptor expressed on myeloid cells; SD = standard deviation. *”assured” 
meaning that the disturbance of self-experience was objectively assessed and confirmed by an experienced 
psychiatrist. **cerebrospinal fluid concentrations, if not otherwise stated.
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the potential benefit of immunomodulatory treatment for these individuals and of the implementation of 
neuroimaging controls and repeated CSF analyses11,12,25,29.

Although elevated CSF NFL levels were observed in KFLC-positive patients with paranoid schizophrenia, 
NFL concentrations do not appear to hold diagnostic value for all patients with paranoid schizophrenia. This is 
consistent with existing literature, where most studies highlight NFL measurement as an exclusionary biomarker, 
aiming to differentiate autoimmune-mediated encephalitis and various forms of dementia from primary 
psychiatric disorders17–20. Runge et al. found that it was not NFL but rather neurofilament medium chain (NFM) 
that proved effective in distinguishing patients with schizophrenia spectrum disorders from controls24. This 
could potentially clarify the complementary outcomes of two studies that investigated NFL as a biomarker for 
illness progression and treatment resistance in schizophrenia. On one hand, Eratne et al. reported no differences 
in plasma NFL concentrations between patients with chronic, treatment-refractory schizophrenia and those 
without clozapine treatment22. On the other hand, Rodrigues-Amorim et al. found significantly increased NFL 
levels in individuals with chronic schizophrenia compared to healthy controls, with even more pronounced 
findings within the clozapine-treated, treatment-refractory subgroup characterized by poor prognosis23. In line 
with Rodrigues-Amorim et al., the present study also identified significantly elevated CSF NFL levels among 
patients with paranoid schizophrenia with a history of multiple antipsychotic treatment attempts and numerous 
psychotic episodes23. However, in accordance with Eratne et al., treatment status at the time of sampling did not 
lead to significant differences in NFL levels in CSF and serum for patients with schizophrenia22.

The current study is not free of limitations. It is limited by the relatively low number of included patients 
with schizophrenia, which is due to the extensive imaging and laboratory work-up and the exclusion of patients 
with comorbid psychiatric disorders or other types of schizophrenia, which were mandatory for inclusion. 
Consequently, only a low number of patients with first-episode psychosis were included, which also limited the 
possibility of follow-up investigations in the illness course and further sub-analyses according to the episode 
number, indicating the need of confirmatory studies to validate the findings of this pilot study. The small number 
of included patients in this pilot study also implicates the inability to adjust for multiple testing. In addition, 
availability of PANSS (positive and negative syndrome scale) scores in temporal proximity to the CSF sampling 
would have been important to investigate associations to disease activity and specific symptoms. Nevertheless, 
relevant conclusions can also be drawn from studies with a relatively low amount of included patients, as shown 
by Guasp et al. (psychosis n = 45), Bavato et al. (schizophrenia n = 44) and Rodrigues-Amorim (schizophrenia 
n = 42)18,21,22. In addition it has to be considered that the specificity of these findings as well as the generalization 
of the findings limited since we focused solely on paranoid schizophrenia, without comparing it to other 
schizophrenia subtypes. Schizophrenia is a heterogeneous disorder with different subtypes exhibiting diverse 
clinical presentations and possibly distinct biological underpinnings. Further, the present study is partly limited 
by the effects of antipsychotic medication, since most of the included patients were treated at the time point of 
sampling and some antipsychotics (olanzapine, clozapine) are known to host anti-inflammatory properties30–32. 
Further, including a broader range of inflammatory markers would have offered more insights into the nature of 
immune dysregulation in this disorder, since schizophrenia-related inflammation may involve various immune 
pathways, including the role of microglia, other cytokines and even complement factors15. Lastly, the control 
group used was not constituted from healthy control subjects, but rather neurological patients without evidence 
of inflammation. While healthy controls would have been the more appropriate control group, the invasive 
nature of lumbar puncture makes it challenging to recruit such individuals. Patients undergoing elective epidural 
anesthesia could represent a potential alternative. However, matching this population to our predominantly 
male study cohort would have been difficult. Prospective biomarker trials in the future should address this issue.

In conclusion, this study highlights a subgroup of patients with paranoid schizophrenia with inflammatory 
alterations and inflammation-related increased axonal pathology. The significance of these changes and whether 
they can be influenced by immunomodulatory therapies remains unclear. Further multicenter studies are 
necessary to elucidate this significance and potentially explore therapeutic options for this subgroup of patients.

Methods
Participants and controls
Based on the previous studies of Guasp et al., Bavato et al., and Rodrigues-Amorim et al., a retrospective chart 
study including a total of 120 patients including 40 individuals who were diagnosed with schizophrenia was 
carried out within the Cerebrospinal fluid Analysis in Psychiatry (CAP) Consortium18,21,22. Due to the pilot study 
character of this investigation, a sample size estimation or test power analysis was not carried out. Following the 
approach of previous investigations, as many patients as possible that fulfilled the following inclusion criteria 
were considered suitable for the present study. Included were all patients with paranoid schizophrenia, which 
were over 18 years old, for which results of extensive clinical, imaging, serological and CSF analyses were entirely 
available and which presented to the Department of Psychiatry, Social Psychiatry and Psychotherapy at Hannover 
Medical School (MHH) between 2007 and 2017. Patients were excluded when the final diagnosis included 
organic disorders (ICD-10: F06.0, F06.1, F06.2) or substance-induced disorders (ICD-10: F1X.5), or patients 
diagnosed with comorbid psychiatric illnesses. 5/40 patients with paranoid schizophrenia had to be excluded 
from the further investigation because neuroimaging revealed inflammatory lesions in typical neuroanatomic 
regions consistent with multiple sclerosis (MS) or clinically isolated syndrome (CIS), whereas these signs of 
neuro-inflammation were absent in the remaining 35 patients27–29.

Sex and age-matched patients were used as controls. The first inflammatory control group consisted of 35 
patients diagnosed with MS according to the 2017 McDonald criteria29. The second control group consisted of 
40 patients with non-inflammatory disorders (idiopathic intracranial hypertension (IIH) n = 10, normal pressure 
hydrocephalus (NPH) n = 10) and patients with symptoms in which no neurological disease was detected 
(headache n = 14, diffuse paresthesia n = 6). From patients with IIH and NPH, only the first fraction of CSF, 
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which was also used for routine diagnostic work-up, was used for the present study. None of the control patients 
(especially of the patients diagnosed with MS) was diagnosed with documented psychiatric symptoms at the 
time of sampling and manifest psychiatric disorders were not known in the control patient´s medical history. 
Mean follow-up of 53 months of the patients diagnosed with MS remained also clear of psychiatric diagnoses.

Diagnostic procedures
A semi-structured interview was conducted according to the German Manual for the Assessment and 
Documentation of Psychopathology in Psychiatry (AMDP system). PANSS was not available in all patients 
at a time point close to the time of the sampling and was thus not shown. As part of the routine diagnostic 
examination, a CSF analysis was performed after lumbar puncture. After extensive diagnostic procedures, a 
diagnosis of paranoid schizophrenia was made by experienced psychiatrists according to the ICD-10 criteria. All 
patients with paranoid schizophrenia were examined by magnetic resonance imaging (MRI) and/or computed 
tomography (CT) and electroencephalogram (EEG).

Analytical procedures
Analysis of paired CSF and serum samples was performed in the Neurochemical Laboratory of the Department 
of Neurology of the MHH according to routine diagnostic procedures. Fuchs-Rosenthal counting chambers 
were used to manually determine the CSF cell count. Kinetic nephelometry (Beckman Coulter IMMAGE, Brea, 
CA, USA) was used to measure the concentrations of albumin, IgG, IgM, and IgA in CSF and serum samples. 
Reiber´s quotient diagrams were used to estimate the intrathecally synthesized fraction of IgG, IgA, and IgM33. 
Isoelectric focusing in polyacrylamide gels (EDC, Tübingen, Germany) followed by silver staining was used to 
detect CSF-specific oligoclonal bands34.

KFLC determination
KFLC concentrations in CSF and serum samples were determined using a nephelometric assay (N Latex FLC 
kappa Kit; Siemens Healthcare Diagnostics Products GmbH, Erlangen, Germany) according to the manufacturer’s 
instructions on a BN ProSpec analyzer (Siemens) as described elsewhere25,26. The hyperbolic reference range and 
the amount of intrathecally synthesized KFLC (KFLC IF) was calculated according to the formulas described 
by Reiber and colleagues (discrimination line: Qlim (FLCk) = (3.27(QAlb

2 + 33)0.5 − 8.2) ×10− 3; reference range: 
Qmean (KFLC) ± 3 CV)35. The Reiber diagram was applied to dichotomize whether an intrathecal synthesis of 
KFLC, which implies an intrathecal inflammatory process, is present or not. When the KFLC IF of a CSF-serum-
sample pair in a single patient exceeded Qlim (KFLC IF > 0%), the KFLC concentration in CSF exceeded the 
amount of KFLC, which might be explained by diffusion from serum into the CSF. Therefore, a KFLC IF > 0% 
was considered an autochthonous, intrathecal synthesis of KFLC within the CNS in this patient. The relevance 
of this detection method for intrathecal KFLC synthesis has been validated in different studies, achieving a 
diagnostic sensitivity for the detection of an intrathecal KFLC synthesis of 92%-100% in patients diagnosed with 
MS25. For statistical comparisons such as group comparisons, the local concentration of KFLC was calculated 
as follows: KFLCloc = (QKFLC − Qmean KFLC) × KFLC serum (mg/L)35. As renal function impairment is known to 
influence KFLC concentrations in CSF and serum, the estimated glomerular filtration rate (eGFR) was calculated 
using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) creatinine equations26,36. None of 
the included patients had a reduction in renal function below an eGFR of 70 ml/min/1.73 m².

NFL determination
CSF and serum NFL were measured using the Simoa technology (Simple Plex Human NF-L Cartridge on an Ella 
Automated Immunoassay System; Quanterix Corporation, Lexington, MA, USA). The lower limit of detection 
for NFL was set at 5.4 pg/ml. Samples were diluted according to the manufacturer’s recommendations and 
concentrations were calculated using the appropriate standard curve.

Determination of cytokines, chemokines and growth factors
The concentrations of the following cytokines, chemokines and growth factors in CSF were determined by flow 
cytometry using Legendplex Multiplex assays (BioLegend, London, UK) on a BD FACSCanto II System (Becton 
Dickinson, Heidelberg, Germany): interleukin (IL)-1β, interferon (IFN)-α2, IFN-γ, tumor necrosis factor 
(TNF)-α, monocyte chemoattractant protein (MCP)-1, IL-6, IL-8, IL-10, IL-12p70, IL-17 A, IL-18, IL-23, IL-33, 
visinin like protein (VILIP-) 1, soluble triggering receptor expressed on myeloid cells (sTREM-) 2, brain-derived 
neurotrophic factor (BDNF), transforming growth factor (TGF-) β1, vascular endothelial growth factor (VEGF), 
sTREM-1, β nerve growth factor (β-NGF), soluble receptor of advanced glycation end-products (sRAGE), and 
fractalkine (CX3CL1). Samples were diluted, as recommended by the manufacturer, and concentrations were 
calculated using the appropriate standard curve. The concentrations of cytokines, chemokines and growth 
factors in the CSF were only considered for further statistical analysis if detectable concentrations were present 
in at least 90% of the measured samples.

Statistical analysis and data visualization
The Shapiro–Wilk test was used to assess for parametric distribution of the decimal variables. Parametric data 
were described as mean, whereas non-parametric data were described as median, each with the range from 
the lowest to the highest value (min-max). Group comparison was done using the Wilcoxon Rank sum test for 
decimal data and the Chi2 test for binary data. For the analysis of paired values the paired t-test (parametrically 
distributed values) or the Wilcoxon test for paired values (non-parametrically distributed values) was used. 
When multivariate analyses were performed to verify the independence of the associations with CSF NFL 
age was considered as covariate. A significant linear regression and correlation emerged between the number 
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of psychotic episodes and CSF NFL concentrations (Fig. 1B). Statistical analysis and creation of figures were 
performed using SPSS 28.0 (IBM Co., Armonk, New York, USA) and GraphPad Prism (La Jolla, CA, USA; 
version 5.02).

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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