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Abstract

Background—Schizophrenia is associated with immune system dysfunction, including aberrant

cytokine levels. We performed a meta-analysis of these associations, considering effects of

clinical status and antipsychotic treatment following an acute illness exacerbation.

Methods—We identified articles by searching PubMed, PsychInfo, and Institute for Scientific

Information and the reference lists of identified studies.

Results—Forty studies met the inclusion criteria. Effect sizes were similar for studies of acutely

relapsed inpatients (AR) and first-episode psychosis (FEP). Interleukin (IL)-1β, IL-6, and

transforming growth factor-β (TGF-β) appeared to be state markers, as they were increased in AR

and FEP (p.001 for each) and normalized with antipsychotic treatment (p.001, p.008, and p.005,

respectively). In contrast, IL-12, interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and

soluble IL-2 receptor (sIL-2R) appeared to be trait markers, as levels remained elevated in acute

exacerbations and following antipsychotic treatment. There was no difference in IL-6 levels

between stable medicated outpatients and control subjects (p.69). In the cerebrospinal fluid, IL-1β

was significantly decreased in schizophrenia versus controls (p.01).

Conclusions—Similar effect sizes in AR and FEP suggest that the association between cytokine

abnormalities and acute exacerbations of schizophrenia is independent of antipsychotic

medications. While some cytokines (IL-1β, IL-6, and TGF-β) may be state markers for acute

exacerbations, others (IL-12, IFN-γ, TNF-α, and sIL-2R) may be trait markers. Although these

results could provide the basis for future hypothesis testing, most studies did not control for

potential confounding factors such as body mass index and smoking.
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Replicated prenatal risk factors for schizophrenia—including prenatal maternal infections,

low birth weight, and advanced paternal age—suggest that abnormalities in the disorder

would be widespread and not just restricted to psychosis. In the brain, this is evidenced by

widespread cognitive impairment (1). Schizophrenia is also associated with physiological

abnormalities outside of the brain, including the immune system. An etiopatho-physiological

role for immunologic abnormalities in schizophrenia was first hypothesized over 40 years

ago (2-4), although interest in this field has waxed and waned. Recently, there has been

exponential growth of the interface between immunology and chronic mental illness,

including areas such as stress, neuroplasticity, genetics, and cytokines.

Cytokines are key signaling molecules of the immune system that exert effects in the

periphery and the brain. They are produced by both immune and nonimmune cells and exert

their effects by binding specific cytokine receptors on a variety of target cells. Cytokine

receptors also exist in soluble forms, which can inhibit (e.g., soluble interleukin-2 receptor

[sIL-2R]) or enhance (e.g., soluble interleukin [IL]-6 receptor) the biological activity of

cytokines. There are also endogenous cytokine receptor antagonists (e.g., IL-1 receptor

antagonist [IL-1RA]) that compete with cytokines for membrane receptors. Cytokines (and

cytokine receptors or antagonists) are key regulators of inflammation—the complex

response of blood vessels to injury—which involves activation and recruitment of immune

cells and increased blood supply and vascular permeability. They coordinate both innate

(e.g., granulocytes, monocytes/ macrophages, and natural killer cells) and adaptive (e.g., B-

lymphocytes and T-lymphocytes) arms of the immune system.

There is an increased prevalence of aberrant cytokine levels in both patients with

schizophrenia (5–7) and their first-degree relatives (8), suggesting that immune system

abnormalities may be an endophenotype of the disorder. There is also converging evidence

of immune system dysfunction and inflammation in patients with schizophrenia, which is

briefly reviewed in Supplement 1. Clinical trials of antipsychotic augmentation with

nonsteroidal anti-inflammatory agents also support an association between inflammation and

psychosis. Four trials of adjunctive nonsteroidal anti-inflamma-tory agents in acutely

relapsed patients with schizophrenia showed significant improvement in total symptoms (9–

12). In one study, responders to celecoxib had significantly decreased soluble tumor necrosis

factor-receptor levels (13) and aspirin was more efficacious in patients with a lower baseline

in vitro interferon-γ (IFN-γ)/IL-4 ratio (10). These findings suggest the possibility that

cytokine (and cytokine receptor) levels may be a biomarker of illness relapse and/or

response to adjunctive anti-inflammatory treatment for a subset of patients with

schizophrenia.

Several hypotheses regarding an immune-cytokine basis for schizophrenia have been

postulated. Smith and Maes (14) proposed the macrophage-T-lymphocyte theory that IL-1,

IL-2 tumor necrosis factor, interferon-α, and IFN-γ produced by chronically activated

macrophages and T-lymphocytes are the fundamental mediators of schizophrenia. Schwarz

et al. (15) proposed the Th2-hypothesis, which argues that a shift away from Th1-cell

(cytotoxic) immune function and toward Th2-cell (antibody-dependent) immune responses

predominates in schizophrenia. Lastly, Monji et al. (16) described the microglial hypothesis

that activated central nervous system microglia release proinflammatory cytokines and free
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radicals that cause abnormal neurogenesis, neuronal degradation, and white matter

abnormalities contributing to the pathophysiology of schizophrenia. The characteristic

cytokine profiles of specific immune cells are described in Supplement 1.

A systematic, quantitative review of cross-sectional studies found a significant increase in

blood levels of IL-1RA, sIL-2R, and IL-6 in patients with schizophrenia (5). However, there

is considerable heterogeneity among these studies with respect to 1) illness duration, 2)

treatment setting, 3) consideration of potential confounding factors (17), and 4) for acute

exacerbations of psychosis, the timing of assays. Meta-analysis is one approach to bring

increased clarity to an area of research with significant heterogeneity (18).

We performed a meta-analysis of blood and cerebrospinal fluid (CSF) cytokine (and

cytokine receptor and antagonist) levels, considering the effects of clinical status,

antipsychotic treatment following an acute exacerbation of psychosis, and correlations with

clinical features. The primary aim of the meta-analysis was to establish the characteristic

cytokine profile that emerges in schizophrenia and in doing so, further evaluate leading

hypotheses for the immune-cytokine basis of schizophrenia.

Methods and Materials

Study Selection

Studies of blood and CSF cytokine (and cytokine receptor or antagonist) levels in

schizophrenia were identified from two sources. First, supplementary material from Potvin

et al. (5), which describes a systematic search of studies through the end of 2005, was

accessed. Second, studies on cytokine (and cytokine receptor or antagonist) levels in

schizophrenia published after 2005 were systematically searched using MEDLINE (National

Center for Bio-technology Information, US National Library of Medicine, Bethesda,

Maryland), PsychInfo (via Ovid, American Psychological Association, Washington, DC),

and Science Citation Index and Social Sciences Citation Index (both Institute for Scientific

Information Web of Knowledge, Thomson Reuters, Charlottesville, Virginia) in April 2010.

The primary search strategy was schizophrenia and (inflammation or cytokine or interleukin

or interferon or tumor necrosis factor). Limiting results to human studies in English

published after 2005 identified 192 articles from PubMed, 103 from PsycInfo, and 334 from

Science Citation Index and Social Sciences Citation Index, and the resulting matches were

screened. From both sources, we identified 83 potential studies of cytokines (or cytokine

receptors or antagonists) for inclusion (6–8,19–98), which are described in Supplement 1.

The majority of initial matches were excluded because they 1) were review articles, 2) did

not present cytokine (or cytokine receptor or antagonist) data, or 3) measured only in vitro

cytokine production, or 4) were genetic studies related to cytokines. We excluded studies of

in vitro cytokine production because most studies measured cytokine production in

stimulated, separated monocytes, which does not necessarily reflect endogenous immune

system functioning.

The inclusion criteria were 1) cross-sectional studies of patients with schizophrenia or

related psychotic disorder (including schizophreniform disorder, brief psychotic disorder,

psychotic disorder not otherwise specified, delusional disorder, and schizoaffective disorder)
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and healthy control subjects or studies assessing cytokines (or cytokine receptors or

antagonists) in patients with an acute exacerbation of psychosis at baseline and again

following a period of antipsychotic treatment; 2) studies assessing either blood or CSF

cytokine (or cytokine receptor or antagonist) levels; and 3) studies published in English. For

studies of blood levels, additional inclusion criteria were 1) clinical status of patients clearly

defined as either acutely relapsed inpatients (AR), first-episode psychosis (FEP), stable

medicated outpatients (SO), or treatment-resistant psychosis (TR); and 2) for the AR and

FEP groups, blood samples were taken within 4 days of hospitalization. Because of small

numbers, these two criteria were not applied to CSF studies. If the timing of assessments

relative to admission was unclear, we attempted to contact study authors. For studies that

included patients with different clinical statuses (e.g., both AR and FEP), if stratified data

were not presented in the manuscript, we attempted to contact study authors. The exclusion

criteria were 1) studies without a control group (except for studies with serial measurements

of cytokines (or cytokine receptors or antagonists) in patients with an acute exacerbation of

psychosis), 2) studies that did not present mean and standard deviations for cytokine (or

cytokine receptor or antagonist) levels (after attempting to contact the study authors), 3)

significant overlap in study population, and 4) genetic studies related to cytokines. Because

of the potential for low concentrations of some cytokines (e.g., IL-1β, IL-2, and IL-4), the

methods of the potential studies were reviewed to evaluate assay sensitivity. An individual

cytokine (or cytokine receptor or antagonist) was excluded if 1) the mean concentration

reported was less than the lower limit of detection of the assay, 2) concentrations were not

detectable in <50% of subjects, or 3) either the intra-assay coefficient of variation was <10%

or the interassay coefficient of variation was <15%.

After independent searches, review of study methods by two authors (B.J.M. and W.S.), and

attempts to contact the authors, 40 studies met the inclusion criteria (33 studies of blood and

7 studies of CSF). There was universal agreement on the included studies. Studies of blood

cytokines (and cytokine receptors or antagonists) included 10 studies of AR, 14 studies of

FEP, 3 studies of SO, and 5 studies of TR. Additionally, 12 studies assessed blood cytokines

(or cytokine receptors or antagonists) in patients with an acute illness exacerbation (defined

as either AR or FEP) at baseline and again after antipsychotic treatment. The seven studies

of CSF were all done on inpatients. Forty-three studies were excluded because of cytokines

measured after hospital day 4 (n = 16), stratified data not available by clinical status (n = 8),

group means and/or standard deviations not available (n = 4), no control group (n = 3), did

not measure CSF concentrations (n = 3), timing of assessments unclear (n = 2), inadequate

assay sensitivity (n = 2), clinical status not available (n = 1), significant study population

overlap (n = 1), samples obtained postmortem (n = 1), unmedicated stable outpatients (n =

1), and article not in English (n = 1). A flow chart summarizing the study selection process

is presented in Supplement 1.

Data Extraction and Meta-Analysis

Data were extracted (sample size, mean, and standard deviation for schizophrenia and

control subjects) for every individual cytokine (or cytokine receptor or antagonist) assessed

in each study, with blood and CSF considered separately. We excluded data on blood levels

of IL-4 from three studies (44,49,69), IL-2 from one study (44), IFN-γ from one study (49),
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and CSF IL-1α levels from one study (34) because of assay sensitivity criteria. One author

(B.J.M.) extracted all data, which was independently verified by another author (W.S.). We

then calculated effect size estimates (Hedges’ g) for every individual cytokine (or cytokine

receptor or antagonist) in each study, and these data are included in Supplement 1. Random

effects pooled effect size estimates and 95% confidence intervals were calculated using the

method of DerSimonian and Laird. The random effects model is more conservative than the

fixed effects model, as it yields a lower type I error rate and wider confidence intervals, and

its use was supported by significant heterogeneity between studies (99). Cytokines (or

cytokine receptors or antagonists) assessed in only one study were not included. Separate

meta-analyses were performed for blood levels by each clinical status (AR, FEP, SO, and

TR), as well as for the difference between baseline and end point cytokine (or cytokine

receptor or antagonist) levels following antipsychotic treatment for an acute exacerbation of

psychosis. The p values were considered statistically significant at the α = .05 level. The

statistical analyses were performed in Stata 10.0 (StataCorp LP, College Station, Texas).

For descriptive purposes, we also extracted descriptive data on statistical significance

(yes/no) and direction (positive/negative) for correlations between individual cytokine (or

cytokine receptor or antagonist) levels in each study and the following clinical features: age,

age of onset of illness, duration of illness, and psychopathology scores.

Results

Figure 1 and Table 1 present effect size estimates with 95% confidence intervals by clinical

status.

Acutely Relapsed Inpatients

Blood IL-10 levels were significantly decreased (p ≤ .006) and IL-6, IL-8, tumor necrosis

factor-α (TNF-α), IFN-γ, transforming growth factor-β (TGF-β), and IL-1RA levels were

significantly increased in AR compared with control subjects (p ≤ .02 for each). The most

replicated finding was for IL-6, which was increased in five of six studies. By contrast, there

were no significant differences in blood levels of IL-2 (p = .24) or sIL-2R (p = .19) between

AR and control subjects. For a majority of cytokines (or cytokine receptors or antagonists)

assessed, there was significant heterogeneity in effect size estimates. In sensitivity analyses,

the heterogeneity was no longer significant, but the effect size estimate remained signifi-cant

after removing two studies for IL-6 (50,69). The heterogeneity

remainedsignificantinasensitivityanalysisforTNF-α.Othersensitivity analyses could not

performed because of the small number of studies.

First-Episode Psychosis

Effect sizes for FEP were noted to be similar in direction and magnitude to those in AR.

Blood IL-1β, IL-6, IL-12, IFN-γ, TNF-α, TGF-β, and sIL-2R levels were significantly

increased in FEP versus control subjects (p ≤ .003 for each). The most replicated finding

was for TNF-α, which was increased in all four studies. By contrast, there was no significant

difference in blood IL-2 levels between FEP and control subjects (p = .44). There was

significant heterogeneity in effect size estimates for all cytokines and sIL-2R. In sensitivity
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analyses for sIL-2R, IL-1β, TNF-α, and IL-6, the heterogeneity was no longer significant,

but the effect size estimates remained significant after removing one study (Ganguli and

Rabin [38] for sIL-2R, Theodoropoulou et al. [87] for IL-1β, and Kim et al. [50] for TNF-α

and IL-6). In a sensitivity analysis for IL-2, the heterogeneity was no longer significant, and

there was a nonsignificant trend (p = .07) for decreased IL-2 in FEP versus control subjects

after removing one study (46). Sensitivity analyses could not be performed for either TGF-β

or IL-12 because of the small number of studies.

Stable Medicated Outpatients and Treatment-Resistant Psychosis

There were no significant differences in blood IL-6 levels between SO and control subjects

(p = .69), but there was significant heterogeneity. Thus, although IL-6 levels were measured

in a relatively large number of SO (n = 178) and control subjects (n = 136), the results must

be interpreted with caution in light of a small number of studies and high heterogeneity. A

sensitivity analysis for IL-6 could not be performed because of the small number of studies.

Compared with control subjects, blood levels of sIL-2R (p = .001), but not IL-6 (p = .46),

were significantly increased in patients with treatment-resistant psychosis. Sensitivity

analyses could not be performed because of the small number of studies.

Cerebrospinal Fluid

Compared with control subjects, CSF IL-1β levels were significantly decreased in patients

with schizophrenia (p = .01). By contrast, there was no significant difference in CSF levels

of IL-2 (p = .94), IL-6 (p = .29), or IL-1α (p = .44) between schizophrenia and control

subjects (p = .44). However, these results should be interpreted with caution in light of small

numbers of studies and subjects.

Correlations with Clinical Features

Forty-three percent (n = 17) of studies provided data on correlations between cytokine (or

cytokine receptor or antagonist) levels and clinical features. A descriptive summary of these

correlations is included in Supplement 1. Blood IL-6 levels had a significant positive

correlation with duration of illness in three studies (23,39,46), although there was a failure to

replicate (86). There was also a significant positive correlation between baseline IL-6 levels

and total psychopathology in two studies (37,70), although several studies did not find a

significant correlation (23,53,59). There were no other replicated significant correlations

between individual blood cytokines (or cytokine receptors or antagonists) and any clinical

features. In the CSF, there was a trend for a negative correlation between IL-6 levels and

positive symptoms in one study (6) but no significant correlations with any clinical features.

Cytokine Changes Following Antipsychotic Treatment

Figure 1 and Table 1 also present effect size estimates with 95% confidence intervals for

cytokine (or cytokine receptor or antagonist) levels following antipsychotic treatment. Blood

levels were measured at baseline and after a mean of 53 days of antipsychotic treatment in

488 patients following an acute exacerbation of psychosis. Antipsychotic medication was

not standardized in seven studies (58%). There was a significant increase in sIL-2R (p = .04)

and IL-12 (p = .02) levels and a significant decrease in three cytokines (IL-1β, IL-6, and
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TGF-β; p ≤ .005 for each) following antipsychotic treatment. There was significant

heterogeneity in the effect size estimate for TGF-β, but sensitivity analyses could not

performed because of the small number of studies. Furthermore, in the two studies that

reported a significant positive correlation between IL-6 levels and total psychopathology

scores at baseline (37,70), there was also a significant positive correlation between the

change in IL-6 levels and change in total psychopathology scores with anti- psychotic

treatment. However, these results should be interpreted with caution in light of

nonstandardized antipsychotic treatment.

Discussion

Taken together, our findings suggest that cytokine alterations in schizophrenia may vary

with clinical status. IL-1β, IL-6, and TGF-β appeared to be state-related markers, as they

were increased during acute exacerbations (AR and/or FEP; p = .001 for each) and

normalized with antipsychotic treatment (p = .001, p = .008, and p = .005, respectively).

Furthermore, there was a significant positive correlation between the change in IL-6 levels

and change in total psychopathology scores in two studies (37,70). In contrast, IL-12, IFN-γ,

TNF-α, and sIL-2R appeared to be trait markers, as levels remained elevated in acute

exacerbations and following antipsychotic treatment. The sIL-2R levels may be a marker for

patients with treatment-resistant psychosis, as evidenced by our results and a recent

longitudinal treatment study (28). However, our results should be interpreted with caution in

light of significant heterogeneity across studies. The alterations in drug-naïve, first-episode

psychosis suggest an association between cytokine (and cytokine receptor or antagonist)

abnormalities and acute exacerbations of schizophrenia that is independent of antipsychotic

medications.

An important strength of our study is that we considered the effects of clinical status and

antipsychotic treatment following an acute illness exacerbation and correlations between

cytokine (and cytokine receptor or antagonist) levels and clinical features. A previous meta-

analysis found evidence for cytokine alterations in schizophrenia but did not find an effect

of clinical status, which was classified as acute, nonacute, or mixed (5). Our analysis

differed from this study in several ways. First, we considered drug-naive FEP separately

from acute exacerbations of chronic psychosis, which eliminates potential confounding by

antipsychotic medications. Second, we utilized a narrower definition of acute relapse than

the previous meta-analysis. Third, we investigated changes in cytokine (and cytokine

receptor or antagonist) levels with antipsychotic treatment following an acute exacerbation

of psychosis. Lastly, we also considered stable medicated outpatients and treatment-resistant

psychosis as separate clinical statuses.

There are several limitations of the present study. Many studies were excluded because

either stratified data based on clinical status, clinical status of the patient population, or

summary data on cytokine levels were not available. Many of these studies would have

otherwise been included in the meta-analysis, and their influence on the results is uncertain.

Furthermore, findings on individual cytokines (and cytokine receptors or antagonists) should

be interpreted with caution in light of small numbers of studies, and replications are

warranted. Most studies did not control for potential confounding factors known to influence
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cytokine levels (54). For example, effects of age and gender were considered in 97% of

studies of blood cytokines. By contrast, blood was collected at a standardized time of day

(within a 1–3 hour period) in 69% of studies. Even fewer studies considered potential effects

of race (41%), body mass index (35%), and smoking (24%). One study that controlled for

many potential confounders reported a significant difference in cytokine levels between

patients and control subjects (36), whereas another did not (43).

Another limitation of the present study is that there were relatively few studies of stable

medicated outpatients and treatment-resistant psychosis; thus, only a small number of

cytokines (or cytokine receptors) were included in the meta-analyses of these patient

populations. Only 43% (n = 17) of studies included data on correla tions between cytokine

(and cytokine receptor or antagonist) levels and clinical features, making only a descriptive

analysis of the correlative data possible. A major limitation of the analysis of cytokine (and

cytokine receptor or antagonist) changes following antipsychotic treatment is that

medications were not standardized in a majority of studies. Different antipsychotics may

have different effects on the immune system. For example, clozapine has been shown to

increase sIL-2R and IL-6 levels (54).

Although our definition of acute relapse excluded of a number of studies, we believe this

approach is justified. In the previous meta-analysis (5), some studies classified as acute

measured cytokine (or cytokine receptor or antagonist) levels at least 1 week (or longer)

following inpatient admission or after a 1-week to 2-week washout period with no

medications. By contrast, we found significant changes in cytokine (or cytokine receptor or

antagonist) levels within weeks of antipsychotic treatment following an acute exacerbation

of psychosis. One study found significant changes in cytokine levels after a mean of 4 weeks

of antipsychotic treatment (86). Another study observed decreased IL-6 levels within 9 days

of anti-psychotic treatment following an acute relapse, and by 8 weeks there was no

significant difference between patients and control subjects (37). Taken together, these

findings suggest that cytokine (or cytokine receptor or antagonist) levels may normalize to

some extent shortly after treatment for an acute exacerbation of psychosis.

In diseases outside of psychosis, cytokine levels also vary by clinical status. For example,

patients with active (vs. inactive) systemic lupus erythematosus (including central nervous

system disease) have significantly higher blood IL-6 and IFN-γ levels (100). Another study

found significant differences in cytokine levels in patients with active celiac disease versus

patients on a gluten-free diet (101). Within schizophrenia, in a study of 36 patients who

underwent weekly assessments for 1 year, in vitro IL-2 production plus antihippocampal

immunoglobulin G levels from the previous week significantly predicted relapse in three of

seven patients (102). Similarly, in a study of 64 male subjects with schizophrenia, increased

CSF IL-2 levels following haloper-idol withdrawal were a significant predictor of acute

psychotic relapse (78). Our finding of significant alterations in cytokine (and cytokine

receptor and antagonist) levels in acute illness exacerbations, measured within days of

admission, that start to normalize following antipsychotic treatment support the plausibility

of cytokine levels as a putative state-related marker for acute psychosis. This finding is of

importance, as acute relapse of psychosis is common and is associated with adverse
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outcomes, including increased treatment-resistant symptoms, cognitive decline, and

functional disability (103–105).

Our results inform on the immune-cytokine hypotheses of schizophrenia. In support of the

macrophage-T-lymphocyte theory, we found significant increases in macrophage-derived

cytokines IL-1β, IL-6, and TNF-α, as well as the Th1-derived cytokines IFN-γ and IL-12 in

AR and/or FEP. However, we found nonsignificant decreases in IL-2. One potential

explanation for this discordant finding is increased binding of IL-2 by sIL-2R, which was

increased in FEP. Thus, overall, our findings are largely consistent with this theory. In

general, there was less consistent evidence in favor of Th2-hypothesis. The observed

increases in IFN-γ, IL-12, and sIL-2R support a Th1 response in acute exacerbations of

psychosis, and other findings—such as increased neopterin and kynurenic acid—are

consistent with our findings. Furthermore, there was a significant decrease in the Th2

cytokine IL-10 in AR. The microglial hypothesis predicts an increase in proinflamma-tory

cytokines such as IL-1β, IL-6, and TNF-α, which is also con sistent with our results.

However, this theory does not consider abnormalities in cell-mediated immunity in

schizophrenia, which is supported by our findings. We also found evidence for activation of

the compensatory anti-inflammatory response syndrome—a counter-regulatory mechanism

that inhibits the primary inflammatory response and involves an adaptive reprogramming of

leukocytes (106)—in schizophrenia, including increased IL-1RA and TGF-β in acute

exacerbations that decreased with antipsychotic treatment. Consistent with our findings, a

flow-cytometric study in patients with recent-onset schizophrenia found activation of both

pro- inflammatory and anti-inflammatory networks (107). However, our results do not

enable us to firmly identify the cell sources of specific cytokines (or cytokine receptors or

antagonists). For example, adipocytes are sources of pro-inflammatory cytokines, such as

IL-6 and TNF-α. Given the potential for antipsychotic-induced weight gain, this does not

exclude the possibility of confounding by factors such as increased body mass index, which

was considered in a minority of studies. Thus, we underscore that our results should be

interpreted with caution in light of small numbers of studies, high study heterogeneity, and

inadequate consideration of potential confounding factors.

Future studies of cytokines (and cytokine receptors or antagonists) in schizophrenia should

stratify patients by clinical status to evaluate if these abnormalities are specific to illness

exacerbations or schizophrenia in general. More studies of stable outpatients and patients

with treatment-resistant psychosis, as well as CSF studies, are needed. Should alterations in

cytokines (or cytokine receptors or antagonists) be found to precede an acute psychotic

relapse, this would support their utility as a biomarker to inform relapse prevention

strategies. Future studies should also control for factors known to influence cytokine levels

(17). Given that individual cytokines (or cytokine receptors or antagonists) may induce or

inhibit production of other cytokines, consideration of cytokine networks, which are possible

through multiplex assays that allow simultaneous quantification of many cytokines from a

single serum sample, may suggest abnormalities in specific immune pathways, particularly

when combined with techniques such as flow cytometry and gene expression analysis (107).

Correlations between cytokine (and cytokine receptor or antagonist) levels and

psychopathology might suggest novel immunomodulatory strategies for treatment in

schizophrenia. Additionally, the signal-to-noise ratio of treatment trials of adjunctive anti-
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inflammatory agents in schizophrenia may be increased by stratifying patients based on

cytokine (or cytokine receptor or antagonist) alterations. Taken together, cytokines (or

cytokine receptors or antagonists) may serve as potential biomarkers and therapeutic targets

in the etiopathophysiology and clinical course of schizophrenia.

Supplementary Material
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Figure 1.
Blood levels of cytokines (or cytokine receptors or antagonists) in schizophrenia by clinical

status. Effect sizes for levels of individual cytokines (or cytokine receptors or antagonists) in

acute relapse of psychosis (AR) and drug-naive first-episode psychosis (FEP) versus control

subjects are represented by red and blue bars, respectively. For AR and FEP, positive effect

sizes (bars going to the right) indicate that levels were higher in schizophrenia than control

subjects; negative effect sizes (bars going to the left) indicate that levels were higher in

control subjects than in patients with schizophrenia. Note that for IL-6, TNF-α, TGF-β, IFN-

γ, and IL-2, effect sizes are very similar for both AR and FEP. Similarly, effect sizes for

changes in levels of individual cytokines (or cytokine receptors or antagonists) following

antipsychotic treatment for an acute illness exacerbation are represented by green bars.

Positive effect sizes (bars going to the right) indicate that levels increased following

antipsychotic treatment; negative effect sizes (bars going to the left) mean that levels

decreased following antipsychotic treatment. IFN-γ, interferon-γ; IL, interleukin; IL-1RA,

IL-1 receptor antagonist; sIL-2R, soluble IL-2 receptor; TGF-β, transforming growth factor-

β; TNF-α, tumor necrosis factor-α.
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