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Abstract

Background—Schizophrenia is associated with immune system dysfunction, including
abnormal blood immune cell parameters. We performed a meta-analysis of these associations,
considering the effect of clinical status and antipsychotic treatment following an acute
exacerbation of psychosis.

Methods—We identified articles by searching Pub Med, Psychinfo, and IS, and the reference
lists of identified studies.

Results—Sixteen studies of blood lymphocytes met the inclusion criteria. There was insufficient
data for a meta-analysis of the mononuclear phagocytic system. In cross-sectional studies, there
was a significant increase in the CD4% and CD56% in acutely relapsed inpatients (AR). Absolute
levels of total lymphocytes, CD3, and CD4, and the CD4/CD8 ratio were significantly increased,
and the CD3% was significantly decreased in drug-native first-episode psychosis (FEP). In
longitudinal studies, the CD4/CD8 ratio appeared to be state-related markers, as it decreased
following antipsychotic treatment for acute exacerbations of psychosis. Absolute CD56 levels
appeared to be a trait marker, as levels significantly increased following antipsychotic treatment
for relapse.
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Discussion—Blood lymphocyte abnormalities in drug-naive FEP suggest an effect that may be
independent of antipsychotic medications. While some parameters (CD4/CD8) may be state
markers for acute exacerbations of psychosis, others (CD56) may be trait markers, however more
longitudinal studies are needed. Although these findings could provide the basis for future
hypothesis testing, a relatively small number of studies and subjects, lack of correlative data with
clinical features, and inadequate consideration of potential confounding factors limit the results.
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Introduction

Schizophrenia is a heterogeneous disorder with respect to symptomatology, disease course,
and outcome (1). Nonetheless, the clinical course is often characterized by recurrent
relapses, which are associated with adverse outcomes, including treatment-resistant
symptoms, cognitive decline, and functional disability. Immune system abnormalities in
schizophrenia have been one of the more enduring findings in the field, albeit with
significant heterogeneity in results, including negative studies. Despite the inherent
complexity of this area of research, several recent findings provide further support for an
association between immune system abnormalities in the pathophysiology of some patients
with schizophrenia. Immune system-related genes, including cytokines (2), cytokine
pathways (3), and the major histocompatibility complex (4-6) are all associated with
schizophrenia. Five randomized, double-blinded trials in relapsed patients found that
adjunctive treatment with non-steroidal anti-inflammatory drugs (NSAIDs) significantly
improved psychopathology (7-11), and that baseline blood cytokine levels may a predictor
of treatment response (9,12). Another study found that some patients with FEP have
potentially pathogenic autoantibodies to central nervous system (CNS) antigens in the
absence of overt signs of encephalitis (13). In a meta-analysis in Biological Psychiatry, we
found that serum interleukin (IL)-1B, IL-6, and transforming growth factor (TGF)-8
appeared to be state markers for acute psychosis (levels significantly increased in patients
with acute relapse of schizophrenia and first-episode drug-naive psychosis (FEP), and then
significantly decreased following treatment for relapse), whereas serum IL-12, interferon
(IFN)-y, tumor necrosis factor (TNF)-a, and soluble IL-2 receptor (sIL-2R) appeared to be
trait markers for schizophrenia (levels significantly increased in acute psychosis, but did not
significantly decrease following treatment for relapse (14).

Cytokines are key signaling molecules that coordinate both innate (e.g., granulocytes,
monocytes/macrophages, and natural killer cells) and adaptive (e.g., B- and T-lymphocytes)
arms of the immune system, and exert effects in the periphery and the brain. They are
produced by both immune and non-immune cells, and exert their effects by binding specific
cytokine receptors on a variety of target cells. In our previous work it was not possible to
identify the specific cell source (s) of the observed cytokine abnormalities, as studies did not
simultaneously measure cytokines and immune cells (14). Abnormal immune cells in the
peripheral blood of patients with an acute exacerbation of schizophrenia, independent of
antipsychotic medications, were first reported almost 50 years ago (15). While previous
studies of immune cells in schizophrenia have been summarized (16), to date a systematic,
quantitative review of these findings has not been performed. Such a quantitative review is
an important “next step” to understand potential mechanisms whereby immune system
dysfunction might contribute to the pathophysiology of schizophrenia. We present a meta-
analysis of blood immune cell parameters (absolute levels and/or proportions), considering
the effects of clinical status, antipsychotic treatment following an acute exacerbation of
psychosis, and correlations with clinical features. The primary aim was to establish the
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characteristic immune profile that emerges in schizophrenia, and in doing so, to integrate
these findings with data on cytokine abnormalities and further evaluate leading hypotheses
for the immune-cytokine basis of schizophrenia.

Methods and Materials

Study selection

Studies of blood monocytes and lymphocytes (including lymphocyte subsets) schizophrenia
were systematically searched using Medline (PubMed), Psycinfo (via Ovid), and ISI
(Science and Social Science Citation Index) in February 2012. The primary search strategy
was “(lymphocytes or T-lymphocytes or B-lymphocytes or monocytes or macrophages) and
(schizophrenia or psychotic disorders)”. Limiting results to human studies in English
identified 419 articles from Pub Med, 254 for Psycinfo, and 700 for ISI, and the resulting
matches were screened. From these sources, as well as a manual review of reference lists,
we identified 50 potential studies for inclusion, which are described in the Supplement
(16-65). The majority of initial matches were excluded because they 1) were review articles,
2) did not present data on monocyte and/or lymphocyte parameters (absolute levels or
proportions), or 3) were genetic studies of peripheral blood mononuclear cells.

The inclusion criteria were: 1a) cross-sectional studies of blood monocytes or lymphocytes
(including lymphocyte subsets) in patients with schizophrenia or related psychotic disorder
(including schizophreniform disorder, brief psychotic disorder, psychotic disorder not
otherwise specified, delusional disorder, and schizoaffective disorder) and healthy controls,
or Ib) studies assessing blood monocytes or lymphocytes (including lymphocyte subsets) in
patients with an acute exacerbation of psychosis (defined as either AR or FEP) at baseline
and again following a period of antipsychotic treatment for relapse, 2) clinical status of
patients clearly defined as either: acutely relapsed inpatients (AR), first-episode psychosis
(FEP), or stable medicated outpatients (SO), and 3) studies published in English. 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 monocytes or lymphocytes in patients with an acute exacerbation of
psychosis), 2) studies that did not present mean and standard deviations (SDs) for monocyte
and/or lymphocyte parameters (after attempting to contact the study authors), 3) significant
overlap in study population, 4) genetic studies related to peripheral blood mononuclear cells,
5) studies in which >20% of subjects were taking clozapine, and 6) studies of granulocytes
and/or eosinophils. We excluded granulocytes and eosinophils as the majority of studies
were on patients treated with clozapine, which can adversely affect these parameters.
Furthermore, findings from our meta-analysis on cytokines also suggest that clozapine may
have different effects on immune cell parameters (8).

After independent searches, review of study methods by three authors (BJM, BG, and DS)
and attempts to contact the authors, 16 studies met the inclusion criteria. There was
universal agreement on the included studies. There was insufficient data for metaanalysis of
the blood mononuclear phagocyte system. Cross-sectional studies of blood lymphocytes
included 10 studies of AR, 6 studies of FEP, and 2 studies of SO (these numbers exceed 16
because some studies included subjects with multiple clinical statuses). Additionally, 7
longitudinal studies assessed blood lymphocyte parameters in patients with an acute
exacerbation of psychosis at baseline and again after antipsychotic treatment. Six of these
seven studies also had data on controls, and so baseline data were also included among the
cross-sectional studies of AR and/or FEP. Thirty-four studies were excluded due to: clinical
status not available (n=13), means and/or SDs not available (n=10), stratified data not
available by clinical status (n=4), no control group (n=3), CSF studies (n=2), significant
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study population overlap (n=1), and samples obtained from chronic inpatients (n=1). A flow
chart summarizing the study selection process is presented in Figure S1 (see Supplement).

Data extraction and Meta-analysis

Results

Data were extracted (sample size, mean, and standard deviation for schizophrenia and
controls), for blood lymphocyte and/or lymphocyte subset parameters assessed in each
study. One author (BJM) extracted all data, which was independently verified two other
authors (BG, DS). The cell surface markers used to phenotype different immune cell
parameters are described in Table 1. We then calculated effect size estimates (Hedges' g) for
lymphocyte and/or lymphocyte subsets in each study, and these data are included in the
Supplement. 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 that the fixed effects model, as it yields a lower Type | error rate and wider
confidence intervals, and its use was supported by significant heterogeneity between studies
(65). Immune cell parameters assessed in only one study were not included. Separate meta-
analyses were performed for blood lymphocyte parameters for cross-sectional studies by
each clinical status (AR, FEP, and SO), as well as for longitudinal studies of these
parameters between baseline and endpoint following antipsychotic treatment for an acute
exacerbation of psychosis (AR or FEP). P-values were considered statistically significant at
the a=0.05 level. The statistical analyses were performed in Stata 10.0 (StataCorp LP,
College Station, TX).

The meta-analysis procedure also calculates a x2 value for the heterogeneity in effect size
estimates. For any immune cell parameter measured in 3 or more studies with a significant
between-study heterogeneity x2 (p<0.05), we performed a sensitivity analysis. This was
done by removing one study at a time and repeating the meta-analysis procedure for that
immune cell parameter, to examine its impact on the effect size estimate and heterogeneity

X2.

For descriptive purposes, we also extracted data on correlations between monocytes or
lymphocytes and any clinical features in patients, including, age, age of onset of illness,
duration of illness, and psychopathology scores.

Figure 1 presents effect size estimates with 95% confidence intervals (CIs) by clinical status.
These data are also presented in tabular form in the Supplement.

Acutely Relapsed Inpatients

Blood total white blood cell (WBC) count and the percentage of CD4 and CD56
lymphocytes (CD4% and CD56%) were significantly increased in AR compared to controls
(p=<0.04 for each). For a majority of lymphocyte subsets, there was significant heterogeneity
in effect size estimates. In sensitivity analyses, the heterogeneity was no longer significant
and there was also a significant increase in CD4% (ES=0.35, 95% CI 0.10-0.61, p<0.01), the
CD4/CD8 ratio (ES=0.31, 95% CI 0.08-0.54, p<0.01, and absolute CD56 levels (ES=0.63,
95% CI 0.26 - 0.99, p<0.01), a trend for an increase in absolute CD4 levels (ES=0.27, 95%
Cl -0.01-0.56, p=0.06), and a significant decrease in CD3% (ES=-0.49, 95% CI —0.77 -
-0.21, p<0.01) after removing one study ((17) for CD4%, (16) for CD4/CD8, (56) for
CD56, (16) for CD4, and (42) for CD3%).
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Drug-Naive First-Episode Psychosis

Effect sizes for FEP were similar in direction and magnitude to those in AR, with a
significant increase in absolute CD4 levels and the CD4/CD8 ratio, and a significant
decrease in CD3% (p<0.05 for each). Blood lymphocyte, CD3, and CD4 levels, and the
CDA4/CD8 ratio were significantly increased (p<0.03 for each), and there was a decrease in
CD3% in FEP versus controls (p=0.05), without significant heterogeneity in these results.

Stable Medicated Outpatients

The CD3% was significantly lower in SO compared to controls (ES=-0.41, 95% CI -0.79 -
-0.03, p=0.04), without significant heterogeneity in this results. No other lymphocyte
subsets were measured in at least 2 studies of stable medicated outpatients.

Lymphocyte Parameters Following Antipsychotic Treatment for Acute Psychosis

Figure 1 and the Supplement also present effect size estimates with 95% confidence
intervals for changes in lymphocyte (or lymphocyte subset) levels following a mean of 9
weeks of antipsychotic treatment for an acute exacerbation of psychosis. Antipsychotic
medication was standardized in only one of the seven studies (14%). There was a significant
increase in absolute CD8 (p=0.03) and CD56 (p<0.01) levels and the CD8% (p<0.01), and a
significant decrease in the CD4/CD8 ratio (p=0.05) following antipsychotic treatment. There
was also a trend for a significant decrease in total WBC count following antipsychotic
treatment (p=0.09). In a sensitivity analysis, after removing one study (20), the
heterogeneity was no longer significant and there was a significant increase in CD3%
following antipsychotic treatment (ES=0.46, 95% CI 0.14 - 0.78, p<0.01). In another
sensitivity analysis, there was a trend for a significant decrease in absolute CD4 levels
following antipsychotic treatment (ES=-0.33, 95% CI -0.67 -0.01, p=0.06) after removing
one study (56)

Correlations with Clinical Features

Only 4 of 18 (22%) studies included in the meta-analysis provided data on correlations
between immune cell parameters and clinical features, and there were no replicated,
significant findings.

Discussion

Taken together, our findings suggest that immune cell parameters in schizophrenia may vary
with clinical status. The CD4/CD8 ratio appeared to be a state-related marker, as it was
significantly increased in FEP, and significantly decreased following antipsychotic treatment
for acute psychosis. In contrast, absolute CD56 levels appeared to be a trait marker, as levels
significantly increased following antipsychotic treatment. CD3% may also be a trait marker,
as this proportion was significantly decreased in stable medicated outpatients. A paucity of
studies investigated correlations between immune cell parameters and clinical features in
schizophrenia, which is an important gap in this literature.

We believe ours to be the first systematic, quantitative review of immune cell parameters in
schizophrenia. An important strength of our study is that we considered the effects of
clinical status and antipsychotic treatment following an acute illness exacerbation.
Nonetheless, our results should be interpreted with caution in light of small numbers of
studies and subjects, as well as significant heterogeneity across studies (including different
assay methodologies and non-standardized antipsychotic treatment). All immune cell
parameters were assessed in fewer than 200 patients (and many in fewer than 100) and in 6
or fewer different studies. However, the alterations in drug-naive first-episode psychosis
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suggest an association between abnormalities in immune cell parameters and acute
exacerbations of schizophrenia that is independent of antipsychotic medications.

There are several other limitations of the present study. Many studies were excluded because
either the patient's clinical status or summary data on immune cell parameters 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, many studies did not control for
potential confounding factors that could account for differences in immune cell parameters
between different populations at different stages of illness, including age, race or ethnicity,
body mass index, smoking, socioeconomic status, and Cortisol (66-69). For example, effects
of age and gender were considered in 100% of studies. By contrast, blood was collected at a
standardized time of day in only 38% of studies. Even fewer studies considered potential
effects of smoking (13%), Cortisol (6%), and body mass index (0%). One study that
controlled for many potential confounders reported a significant difference in several
immune cell parameters between patients and controls (16). However, this study found that
CD19 numbers were positively correlated with the free Cortisol index (as a measure of
stress), and CD56 levels were negatively correlated with cotinine (as a measure of smoking).
The later result raises the possibility that smoking could confound our findings for CD56.

Another limitation is the potential effect of medication status of the subjects in the AR
group. In these studies, blood samples were taken while subjects were still acutely ill,
generally on admission or within days of admission. Medication nonadherence would be
expected to be common in acutely relapsed inpatients, and indeed many of the studies
reported that a large proportion of subjects were drug-free at the time of sampling. However,
stratified data based on medication status were generally not available. Two longitudinal
studies included in the meta-analysis (20,56) did not find any significant changes in
lymphocyte parameters between baseline and day 7 of antipsychotic treatment, suggesting
that the effect of medication in the AR group might have been minimal.

We were not able to perform a meta-analysis of the blood mononuclear phagocytic system,
however, there is evidence that it may play a role in the pathophysiology of schizophrenia
(reviewed in 70). One study (21) also found increased blood levels of IL-1f, IL-6, and TNF-
a, and increased levels of S100B, a marker of blood-brain barrier disruption. Another study
found a significant decrease (to the same level as in controls) in IL-I and TNF-a secretion
from isolated blood monocytes following one month of first-generation antipsychotic
treatment for an acute relapse of schizophrenia (71). Drexhage et al. (2010) found evidence
of a pro-inflammatory gene expression signature in monocytes of patients with recent-onset
schizophrenia (72). Furthermore, a retrospective analysis of serial blood samples in patients
with schizophrenia found that monocytosis was associated with a worsening of psychotic
symptoms, and in some cases the monocytosis resolved with a change in antipsychotic
treatment during hospitalization (28). Thus, further studies of the mononuclear phagocyte
system, an important source of many pro-inflammatory cytokines that are increased in
schizophrenia (14), are warranted.

This study focused only on blood immune cell parameters in schizophrenia, but there is
evidence for immune abnormalities in the CSF and brain as well. Nikkila et al. (47) found a
significantly increased proportion of CSF macrophages and activated lymphocytes in
patients with acute psychosis compared to controls. Another study by the same group also
found a significantly increased proportion of CSF macrophages in patients with acute
psychosis compared to controls (46). Evidence from PET (73,74) and post-mortem (75,76)
studies also support a role for neuroinflammation/microglial activation in schizophrenia

Biol Psychiatry. Author manuscript; available in PMC 2014 May 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Miller et al.

Page 7

Several other studies support an association between changes in immune cell parameters and
acute exacerbations of psychosis. Muller et al. (12) found a significant decrease in CD19 B-
lymphocytes in patients treated with risperidone plus placebo and those treated with
risperidone plus celecoxib, with a more pronounced decrease in the celecoxib group.
Furthermore, the celecoxib group only, the decrease in CD19 cells was significantly
positively correlated with the decrease in PANSS negative scale scores. Another study found
that at baseline a relative granulocytosis and lymphopenia prospectively predicted poorer
recovery in positive, but not negative, symptoms after 6 months of antipsychotic treatment
(65). Thus, given the efficacy of adjunctive NSAIDs in improving psychopathology in
relapsed patients (7-11), these findings support the plausibility of the hypothesis that
immune changes are not a merely artifact of increased stress associated with acute
psychosis, but may play a role in the pathophysiology of relapse in schizophrenia. In
addition to the association between monocytosis and worsening psychosis mentioned above
(28), other studies have found that intra-individual changes in other immune parameters,
including CSF IL-2 levels and /n vitro IL-2 production may predict relapse in some patients
(77,78). Further investigation of potential relapse predictive markers is needed.

Three hypotheses regarding an immune-cytokine basis for schizophrenia have been
postulated. The “macrophage-T-lymphocyte theory” proposed that cytokines produced by
chronically activated macrophages and T-lymphocytes are the fundamental mediators of
schizophrenia (79). Schwarz et al. (80) proposed the “Th2-hypothesis”, which postulates
that a shift from Th1-cell (cytotoxic) towards Th2-cell (antibody-dependent) immune
responses predominates in schizophrenia. Lastly, the “microglial hypothesis” proposed that
activated CNS microglia release pro-inflammatory cytokines and free radicals that cause
abnormal neurogenesis, neuronal degradation, and white matter abnormalities contributing
to the pathophysiology of schizophrenia (81). Our results inform on these hypotheses. We
found abnormal blood lymphocyte parameters, including increased CD4/CD8 ratio in FEP,
as well as increased CD56 levels and decreased CD4/CD8 following antipsychotic treatment
for relapse. CD4 T-lymphocytes are important sources of IFN-y and I1L-12. IL-12 is also
involved in natural killer cell (CD56) activation, and these cells secrete TNF-a and 1FN-y.
All of these cytokines were abnormal in our previous metaanalysis (14). Thus, these findings
are not inconsistent with the “macrophage-T-lymphocyte theory”. While we found evidence
for abnormalities in the CD4/CD8 ratio, studies did not distinguish between T-helper (Th)1
versus Th2 CD4 lymphocytes, limiting our ability to make inferences regarding the “Th2
hypothesis”. We were not able to perform a meta-analysis of the mononuclear phagocyte
system, although as noted above, there is evidence of dysfunction broadly consistent with
the “microglial hypothesis”

We emphasize that our results should be interpreted with caution in light of a limited
number of studies and small sample sizes, between study heterogeneity, and a general lack
of consideration of potential confounding factors. However, these findings are of importance
as acute relapse of psychosis is common and is associated with adverse outcomes, including
increased treatment-resistant symptoms, cognitive decline, and functional disability (82-84).
More longitudinal studies of immune cell parameters in schizophrenia are needed evaluate if
these abnormalities are specific to illness exacerbations or schizophrenia in general, and
whether they are a temporal predictor of relapse, and should control for potential
confounding factors. Studies should also simultaneously measure blood cytokines and
immune cell subsets, towards better identification of the source (s) of specific cytokines in
schizophrenia. For example, one recent study measured intracellular cytokine levels in
monocytes of patients with schizophrenia (85). They found significantly lower baseline
monocytic IL-6 levels, but significantly increased monocytic intracellular 1L-6 production
after stimulation with lipopolysaccharide in patients with schizophrenia compared to
controls. Correlations between immune cell parameters and clinical features should be
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routinely assessed in studies, towards better understanding of potential mechanisms between
immune dysfunction and psychopathology. Well-replicated findings might suggest novel
immunomodulatory treatment strategies. Additionally, stratifying patients based on immune
alterations may increase the signal-to-noise ratio of treatment trials of adjunctive anti-
inflammatory agents in schizophrenia. Taken together, immune cell parameters may serve as
potential biomarkers and therapeutic targets in the etiopathophysiology and clinical course

of

Supplement

schizophrenia.

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Immune Cell Parametersin Schizophrenia by Clinical Status

Effect size estimates and 95% Cls for immune cell parameters in cross-sectional studies of
acute relapse of psychosis (AR) and drug-naive first-episode psychosis (FEP) versus
controls are represented by red and blue bars and error bars, respectively. For AR and FEP,
positive effect sizes (bars going to the right) indicate that the parameter was higher in
schizophrenia than controls; negative effect sizes (bars going to the left) indicate that levels
were higher in controls than in patients with schizophrenia. Similarly, green bars and error
bars represent effect size estimates and 95% Cls for the change in levels of immune
parameters in longitudinal studies following antipsychotic treatment for an acute
exacerbation of psychosis. Positive effect sizes (bars going to the right) indicate that the
parameter increased following antipsychotic treatment for acute psychosis; negative effect
sizes (bars going to the left) mean that the parameter decreased following antipsychotic
treatment. Error bars that exclude 0 are significant at the p<0.05 level.
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Table 1

Cell Surface MarkersUsed for Phenotyping mmune Parameters

Miller et al.
Marker Immune Par ameter
CD3 T-lymphocytes
CD4 T-helper lymphocytes
CD5 B1la subset of B-lymphocytes
CD8 T-suppressor/cytotoxic lymphocytes
CD4/CD8 T-helper/suppressor lymphocyte ratio
CD19 B-lymphocytes
CD25 Activated T-lymphocytes
CD56 Natural Killer cells
Lymphocytes  Total lymphocyte count
Monocytes Total monocyte count
WBC Total white blood cell count
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