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ABSTRACT

Background: Substantial evidence demonstrates the
presence of an inflammatory syndrome in schizophre-
nia, which is manifested by increased peripheral le-
vels of interleukin-6 (IL-6), soluble interleukin-2 re-
ceptor (sIL-2R), and interleukin-1 receptor antago-
nist (IL-1RA). Unfortunately, the immunomodulatory
effects of antipsychotics on peripheral cytokine levels
remain poorly understood. Objectives: The objectives
of the current systematic review are to determine if
antipsychotics have anti-inflammatory effects in pa-
tients with schizophrenia-spectrum disorders and to
examine the relationships between antipsychotic-in-
duced cytokine changes and drug response or com-
mon side effects. Method: A systematic search was
performed in the electronic databases PubMed and
EMBASE. Results: We identified 39 studies measure-
ing the effects of 8 antipsychotics on 13 inflammatory
mediators and 4 cytokine receptors. This literature
suggests that antipsychotics (especially clozapine)
consistently decrease peripheral interleukin-2 (IL-2)
levels and increase sIL-2R and soluble tumor-necrosis
factor (STNF-R) receptor levels. Changes in 1L-2/sIL-
2R levels seem to correlate with changes in positive
symptoms. Preliminary results suggest that antipsy-
chotics decrease interferon-y (IFN-y) and transform-
ing growth factor-g (TGF-p) levels, and increase in-
terleukin-4 (1L-4) levels. Antipsychotic-induced changes
in IL-6, C-reactive protein (CRP) and tumor-necrosis
factor-a (TNF-a) have been linked with common an-
tipsychotic side effects (metabolic, fever). Discussion:
Despite significant clinical heterogeneity across stud-
ies, this review has evidenced that antipsychotics can
produce both anti- and pro-inflammatory effects that
may partially contribute to drug response and drug-
induced side effects. In the future, a better under-
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standing of the molecular mechanisms of action of
antipsychotics on inflammatory mediators will help to
identify novel therapeutic strategies as well as novel
biomarkers of treatment response and of drug-in-
duced side effects in schizophrenia.
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1. INTRODUCTION

Antipsychotic medications have been the mainstay of
schizophrenia treatment since the early 1950s. Mostly
efficacious for positive symptoms, antipsychotic treat-
ment can lead to disabling extrapyramidal symptoms
(EPS), such as Parkinsonism, dystonia, and dyskinesia.
These therapeutic and side effects of antipsychotic drugs
are most probably related to striatal blockade of D,-do-
pamine receptors, although dopaminergic blockade does
not fully account for the variance in antipsychotic re-
sponse and antipsychotic-induced EPS [1]. Moreover,
antipsychotics can induce side effects that are related to
their effects on non-dopaminergic mechanisms, such as
blurred vision, orthostatic hypotension and weight gain
[2]. The efficacy of antipsychotics is disappointing, and
remission remains an elusive target. In the Clinical An-
tipsychotic Trials of Intervention Effectiveness (CATIE)
study, 55% of subjects failed to attain remission at any
point [3]. In the same study, the rate of remission was
highest with clozapine and second highest with quetia-
pine, suggesting that dopaminergic receptor affinity
alone is an insufficient explanation of antipsychotic effi-
cacy [3]. It is quite likely that non-dopaminergic mecha-
nisms may be relevant to better understand the clinical
effects of antipsychotics. Over the years, it has been
shown that antipsychotic drugs produce complex immu-
nomodulatory effects that have yet to be fully character-
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rized and understood [4-6]. Importantly, it has been pro-
posed that these effects on immune parameters may ac-
count for the therapeutic effects of antipsychotics as well
as some of their side effects, including weight gain,
agranulocytosis and fever [7,8].

The interest in antipsychotic-induced immunomodu-
latory effects is timely, since substantial evidence now
indicates that schizophrenia is associated with cytokine
alterations [9-11]. Recently, our group has performed a
meta-analysis of 62 cross-sectional studies measuring
peripheral levels of 10 different cytokines and cytokine
receptors in a total sample size of 2298 schizophrenia
patients and 1858 healthy volunteers. Using this evi-
dence-based procedure, our group has demonstrated the
presence of an inflammatory syndrome in schizophrenia,
which is illustrated by increased plasma or whole blood
levels of IL-6, IL-1RA and sIL-2R, relative to healthy
controls [12]. The increases in all these cytokines were
independent from antipsychotics, except for sIL-2R,
which correlated positively with medication. In contrast,
the meta-analysis did not substantiate interleukin-15 (IL-
1p), interleukin-4 (IL-4), interleukin-10 (IL-10), IFN-y,
and TNF-o alterations [12]. Preliminary results have
shown that peripheral interleukin-8 (IL-8), inteleukin-12
(IL-12) and interleukin-18 (IL-18) levels are also signi-
ficantly elevated in schizophrenia [13], but these results
need to be replicated.

The notion that antipsychotics may have immunosup-
pressive properties emerged in the literature soon after
chlorpromazine was introduced into clinical practice in
the 1950s [14]. On mechanistic grounds, animal studies
produced preliminary evidence that the immunosuppres-
sive effects of antipsychotics may be due to the inhibit-
tion of pro-inflammatory cytokines (IL-1p, IL-2, IL-6,
TNF-a) and/or enhanced production of anti-inflamma-
tory cytokines (IL-1RA, IL-4, IL-10) [15-17]. Over the
years, numerous prospective pharmacological trials have
examined the effects of antipsychotics on plasma/serum
cytokine levels in schizophrenia. Thus far, one of the
most consistent finding has been the increase in sIL-2R
associated with clozapine treatment, a finding that has
been replicated with olanzapine, quetiapine and risperi-
done treatment [8,9,18,19]. Unfortunately, the study of
the influence of antipsychotics on other cytokines has
sometimes produced results that are either inconsistent or
even contradictory (e.g. IL-6, TNF-a) [4]. Potential
sources of heterogeneity include the type of antipsy-
chotic tested (first- versus second-generation), treatment
duration (4 - 52 weeks), drug status of patients at base-
line (treated with antipsychotics, drug-free or drug-naive),
patient type (first-episode versus chronic) and methodo-
logical differences in cytokine assessments (in vivo ver-
sus in vitro). The clinical significance of antipsychotic-
induced cytokine changes also remains to be determined.

Copyright © 2012 SciRes.

Some preliminary results have shown associations be-
tween antipsychotic-induced cytokine changes and drug
response [9,20]. On the other hand, the cytokine changes
associated with antipsychotic treatment may be second-
dary to some of their common side effects, especially
weight gain, since adipocytes secrete inflammatory cyto-
kines, such as IL-6, IL-1RA and TNF-a [21].

In view of the current state of knowledge, the object-
tives of the current systematic review are: 1) to deter-
mine if antipsychotics have anti-inflammatory effects in
patients with schizophrenia-spectrum disorders; 2) to
identify the most consistent effects of antipsychotics on
peripheral cytokine levels; 3) to identify sources of het-
erogeneity in published results; 4) to examine the rela-
tionships between antipsychotic-induced cytokine changes
and drug response; and 5) to examine the relationships
between antipsychotic-induced cytokine changes and com-
mon side effects, such as weight gain.

2. METHODS

A systematic search was performed in the electronic da-
tabases PubMed and EMBASE using the key words “an-
tipsychotic” and “inflammation” or “cytokine” or “inter-
leukin” or “inflammatory markers” or “CRP” or “IFN”
or “TGF” or “TNF”, while excluding animal studies.
This search identified studies before January 1%, 2012.
Additionally, studies were identified by cross-referenc-
ing.

Studies were included in the review if peripheral cyto-
kine levels were prospectively measured in vivo in pa-
tients with schizophrenia-spectrum disorders before and
after treatment with antipsychotics. Studies were ex-
cluded if: 1) the study design was cross-sectional [12]; 2)
the sample of patients comprised patients with psy-
chiatric disorders other than schizophrenia-spectrum dis-
orders [22]; 3) cytokine levels were measured using
cerebrospinal fluid [23]; 4) cytokine levels were mea-
sured using in vitro assessments [22]. These exclusion
criteria were applied in order to reduce the heterogeneity
of study methodology and to enhance our ability to com-
pare the results of studies included in the review. In par-
ticular, in vitro studies tend to vary widely in the pa-
rameters measured [24]. It is important to underline that
despite these filters, we considered that study popula-
tions, treatment interventions and durations were too
variable for a meta-analysis to be valid, at this time.

3. RESULTS

A total of 39 studies were identified that fulfilled our
inclusion criteria [8,9,13,18-21,25-56]. These studies
measured the effects of 8 antipsychotics (aripiprazole,
clozapine, haloperidol, olanzapine, perphenazine, quetia-
pine, risperidone, and ziprasidone) on 13 inflammatory
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mediators [CRP, IFNy, IL-18, 1L-2, IL-4, 1L-6, IL-8,
IL-10, IL-12, interleukin-13 (IL-13), IL-18, TGF-g,
TNF-a and 4 cytokine receptors (IL-6R, sIL-2R, Leuke-
mia Inhibitory Factor receptor (LIF-R), sTNF-R) (Table
1). As expected, studies varied in terms of duration of
treatment, diagnostic criteria, patient population (chronic,
first-episode, in-/out-patients, etc), socio-demographic
variables (age, sex), medication at baseline (drug-naive,
drug-free, wash-out, on FGAs, on SGAs, etc.), and adju-
vants allowed (Table 1).

3.1. Global Findings

Irrespective of drug status (drug-free or not) or patient
type (first-episode or not), antipsychotics produced their
most consistent effects on peripheral IL-2, sIL-2R and
STNF-R levels in schizophrenia patients (Table 2). In-
deed, a decrease in IL-2 levels was observed in most
cases. In a complementary fashion, antipsychotic treat-
ment produced elevations in peripheral levels of sIL-2R
in a majority of cases (Table 2). Despite contradictory
results regarding the effects of antipsychotics on TNFa,
an increase in STNF-R2 levels was described in all cases
and an increase in STNF-R1 levels in most cases (Table
2). Apart from these changes, there are consistent results
showing that antipsychotic treatment is associated with a
lack of change in peripheral IL-6, IL-1RA and CRP le-
vels (Table 2).

Preliminary results tentatively suggest that antipsycho-
tic treatment may decrease peripheral IFN-y and TGF-p,
and increase IL-4 levels (Table 2). In the case of 1L-12,
contradictory results have been reported thus far (Table
2). As for IL-18, IL-8, IL-10, IL-13, IL-18, LIF-R,
sIL-6R, these cytokines or cytokine receptors have not
been studied in a sufficient number of studies thus far to
reach firm conclusions (Table 2).

3.2. The Effects of Specific Antipsychotics

Clozapine is the antipsychotic that has been the most
studied thus far with regards to its effects on peripheral
cytokines. As shown in Table 3, clozapine has been
shown to consistently (5 studies out of 5) increase peri-
pheral sIL-2R levels in schizophrenia-spectrum disorders.
Three studies showed an increase in sSTNF-R1 and sTNF-
R2 levels during treatment, and 3 studies out of 5 showed
that clozapine therapy was associated with an increase in
peripheral TNF-a levels (Table 3). Conversely, clozapine
does not seem to influence peripheral IL-6 levels in most
cases. As for olanzapine, treatment with this SGA has
also been associated with a lack of change in both IL-6
(3/3 negative results) and CRP levels (5/6 negative re-
sults) (Table 3). However, the CATIE study, which in-
cluded 202 patients treated with olanzapine, showed that
3-month treatment with this SGA induced a significant

Copyright © 2012 SciRes.

increase in CRP levels [48]. Quetiapine produced a simi-
lar CRP elevation in the CATIE trial (n = 180) [48]. Fi-
nally, studies of mixed SGAs produced inconclusive ef-
fects on IL-6 (Table 3).

3.3. Correlations of Immune and Clinical
Changes

Although an understanding of the clinical correlates of
cytokine changes during antipsychotic treatment in schi-
zophrenia-spectrum disorders is essential to better under-
stand the functional effects of antipsychotic-induced im-
mune effects, only a few studies have addressed this is-
sue as yet. Thus far, the most consistent association re-
ported in the literature has been between IL-2/sIL-2R
and the positive symptoms of schizophrenia. Indeed, an
8-week trial of clozapine or risperidone confirmed a
positive correlation between the reductions of IL-2 levels
and positive symptoms (as measured with the Positive
and Negative Syndrome Scale, PANSS) in schizophrenia
[43]. Similarly, during an 8-week trial with haloperidol, a
positive correlation emerged between changes in IL-2
levels and changes in peripheral homovanilic acid (HVA,
dopamine metabolite), the latter being positively corre-
lated with changes in positive symptoms (as measured
with the Scale for the Assessment of Positive Symptoms)
[40]. Finally, in a 12-week trial with quetiapine, in-
creases in sIL-2R levels were correlated with a decrease
in PANSS-positive symptoms [9]. Preliminary associa-
tions have also been reported between changes in 1L-2
levels and changes in PANSS-negative [54] and PANSS-
total symptoms [8].

In the case of other cytokines, preliminary associations
have been reported between changes in cytokine levels
and changes in clinical symptoms. Thus far, correlations
have been described between IL-1f levels and PANSS-
total symptoms [55]; and between IL-1RA levels and
PANSS-negative symptoms [54]. Similarly, associations
between changes in IL-6 levels and changes in PANSS-
total symptoms [20], PANSS-positive symptoms [43]
and global symptoms (as measured with the Brief Psy-
chiatric Rating Scale) [31] have been described. Fur-
thermore, cytokines seem to be associated with adverse
events caused by antipsychotics. For example, IL-6 is
associated with clozapine-induced fever [8] and TNF-a
levels with insulin resistance index [21].

4. DISCUSSION

This review highlights the complexity of the interaction
of the immune system and antipsychotic medication. De-
spite significant clinical heterogeneity across studies, the
data cumulated here suggest that antipsychotic treatment
leads to increases in sIL-2R, sTNF-R and IL-4, and de-
creases in IL-2, IFN-y and TGF-g levels in schizophrenia.
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Table 1. Pharmacological trials measuring the effects of antipsychotics on peripheral C-reactive protein and cytokine levels in

schizophrenia-spectrum disorde

TS.

Drugs at baseline Length

Author(s) Subjects Dx criteria others: both (weeks) Phase of illness ~ Treatment during study Changes in time
Akandji et al., 207 SCZ (36); 44 FGAs; 12 SGAs; . .
2009 [25] 165 HC (38) DSM-1V 151 both 52 Chronic, stable ~ Mixed AP «— CRP
.. >2 active
. 26 SCZ (34.4) 14 drug-naive; 12 - . . .
Akiyama, 1999 (11/15); 27 HC DSM-IV drug-free (mean = 13.8 3 symptom;, 12 Mixed A'P. FGAs « IL-6, IL-1RA,
[26] AP cessation & SGAs; bzd sIL-2R
(34.8) (11/17) months)
(relapse)
Baptista et al., 40 SCZ; 37 DSM-IV Levo 100 mg Hs; fluph Severe, chronic, RCT: OLZ 10 mg | TNF-a
2007a [21] compl. (22/15) decanoate inpatients + metformin or placebo <> CRP
. Fluph decanoate .
Baptista et al., ) Chronic, severe, 1 CRP (wk 8)
2007b [27] 60 SCZ (34/26) DSM-1V 1ifgr;l{gs/mo, levo 50 -200 8,16 hospitalized OLZ 10 - 20 mg o CRP (wk 16)
Baptista et al., 76 SCZ; 4 bipolar; On olanzapine (>4 . RCT: 36 on metformin,
2007¢ [28] 72 compl. (42/30) DSM-TV months), mean = 10.3 mg 12 In-/out-patients 36 on placebo < CRP
56 SCZ (36/20); Frist-episode; OLZ, 20,5 - 20 mg;
Crespo-Facorro 40 SCZ, 12 SF, 4 . outpatients; mod-RIS, 16, 3 - 9 mg;
et al., 2008 [13] other; 28 HC DSM-IV Drug-naive erate-severe HAL, 20, 3 - 9 mg; TIL-12 (RIS)
(12/16) symptoms anti-cholinergic
OLZ, 36 (27.3) RCT:OLZ,5-20mg 1 CRP (HAL, at 3
Diaz et al., g292(/;7‘)21;1{(12%/15)~ NA Drug-naive 3 months;FirSt_e isode (n=36); RIS, 3 - 6 mg months);
2010 [29] : ; & 1 year P (n=39); HAL, 3 - 9 mg< CRP (all AP,
HAL, 36 (27.7) (n=36) at 12 months)
(24/12)
308CZ.(27.5) Drug-naive; no AP in 30 . . . OLZ 22.9mg (10 - 40);
Fernandez-Egea, (66.7% m); 16 ' First-episode;
) DSM-IV  days before; 1 week 16 g up to 3 mg lorazepame IL-6
2011 [30] compl.; 21 SCZ, 4 o hospitalized
lifetime AP HS
SF, 3 other
32 SCZ (age = 33); . . .
Frommberger 12 HC (age =31); DSM-II-R 11 drug-free (6 months) 3 Acute{remlssmn Mixed FGAs: hal, ﬂup,l IL-6
etal., 1997 [31] : (inpatients) per
12 depression
45 SCZ (23.3) .
Graham et al., (67% of m); 16 13 drug-naive; 30 on First-episode; Mixed SGASs: 9 ris,
SGAs (2 - 6 weeks 24 . . . —IL-6
2008 [32] compl.; exposure) 7 inpatients 4 0lz, 2 qtp, 1 ari
41 HC (25.4) posu
Outpatients; BMI
Henderson e
etal., 15 SCZ; 14 compl. DSM-IV  Stable on olz for  month 10 =30 Kg/m" or =Cross-over of ARLor = pp
27 + otherrisk  placebo added to OLZ
2009 [33]
factors
Inpatients
. 5 drug-free (6 months); . ? 11 CLZ &
Hinz-Selch 23SCZ(11/12)  DSM-IIR AP stopped before or g residual fluvoxamine; 1 sIL-2R, TNF-a,
et al., 2000 [34] L s symptoms, or TNF-R1/2
within the 1% week of clz . 12 CLZ
FGA intolerance
. 32 SCZ (35)
2H<;)(§17€[t3£51§ (18/14);55HC ~ DSM-IV  NA 4,8 In/outpatients ~ OLZ 5 -20 mg ‘;LTI;F“ L6,
(31) (30/25)
29 SCZ (30.2) .
. Outpatients; mod-
Igue et al., (25/4); 16 SCZ, 11 Treated with AP at > ] < IL-6, IL-1Ra;
2011 [9] SA,28F; 28 HC DMV 4 celine: >50% on olz 12 grl'jt]; symptoms;QTP (2 - 800 mg) 1 sIL-2R
(28.2) (22/6)
71 SCZ (23) . . o _ : i
Kim et al., (32/39); 53 compl.; 38 drug-naive Acute psychotic Ml.xed. SG_As. .rls7 n =« INF-y, ¥L 4,
DSM-IV 6 symptoms, 20; ami, n=19; IL-2, TGF;
2009 [36] 174 HC (32.49) 33 drug-free (4 months) . . T
inpatients olz,n=10;ari,n=4 | IL-6, TNF-a
(78/96)
89 SCZ (32.8) First-episode, . . .
Kim et al., (35/54); 66 compl.; D 43 drug-naive, 45 hospitalized, M1x§d SGAs: L IFN-y, TGF (ris,
! SM-1V ) . . 33ris, 12 olz, 11 qtp,  qtp, olz)
2004 [37] 88 HC; (31.3) drug-free (4 months) active psychotic .
6 nemo,4 clz TIL-4 (ris, get, olz)
(34/54) symptoms
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Continued
43 SCZ (33.6)
(12/31); 29 compl.; First-episode; .
) . . Mixed AP:
Kimetal, 85 HC (32.5) DSM-IV  Drug-free (4 months) g activepsychotic ot S hemo | IL-12
2002 [38] (28/57); symptoms;
.o o 4.cloz-2, hal 1
34 depression; hospitalized
25 bipolar
. . IL-6, TL-18
Kim et al., 25 SCZ (28.4) DSM-1V Acute psychotic RIS (4.3 + 1.2 mg, g ¢ ’
2001 [39) (11/8); 19 compl. Drug free for 6 months 4 tate (inpatients) at wkd) ITLILz N
. 25 SCZ (30.1) Newly admitted _ T
Kk Goisic  psway DRgeelromms g ol e s omellls
(30.1) (25/0) & state P :
Wash-out (length not CLZ266.7 mg; L{N ZFI;X, SINER
Kluge et al., 30 SCZ (36.7) : R . Inpatients; OLZ 21.2 mg; g .
2000 [8] (12/18) DSM-1V specified); prior AP: ris or 6 BPRS > 24 diazepam 40 mg (first (CLZ, OLZ);
hal 2 weeks) 1sTNF-R1, IL-6
(CLZ)
. 34 SCZ (34.7) . Mixed SGAs:
Linet al,, (16/18);30 HC ~ DSM-IV  Drug-free (1 week) 4 Acute psychosis, ) 1o s 1ol o L6 TNFa,
2011 [41] chronic patients . TGF
27.7) 2 ris depot
Loffler et al lgls-cfl;rlrflacclz' 25 Chronic CLZ, 225 - 475 mg, n =
» POWPRAIMACY, =5 [y Drug-free 2 weeks; bzd g rome 8 hal2-6mg,n=2 1 CRP
2010 [42) psychiatric patients inpatients
. (6 days)
poly-medicated
JIL-2
Lii et al — IL-18
2(‘)‘03 El4'3’] 58 SCZ NA NA 8  Firstepisode  CLZ-24, RIS-34 (RIS/CLZ)
| IL-6, TNF-a
(RIS)
31SCZ; 14
’ . 2-week wash-out for . .
Maes et al., respond. (40) (8/6); non-responders; respond- Mixed SGAS; « IL-8, IL-10
17 non-respond. =~ DSM-IV 16 clz358.3 (n=12),
2002 [44] . ers on hal (5), . _ 1 LIF-R
(40.4) (8/9); 7HC clz (4), ris (4), perph (1) ris 3.7 mg (n=5)
(40.4) (413) : » berp
31SCzZ; 17
Maes et al., non-respond. (8/9); Treatment Mixed SGAs: —IL-6, sIL-6R,
2000 [45] 14 respond.; 7 HC DSM-IV - 15-day washout resistant cloz 12, ris 5 IL-1RA
(4/4)
17SCZ (38.2) Drug-free (median = 10 _ . 1 IL-6, IL-IRA
11\’5;675 [64’ 6‘31" (11/6); 23 HC DSM-IIIR  days); prior treatment: 512”:1?‘;) iﬁg‘f‘c‘}fromc CLZ, 353 mg (treatment >
(36.3) (13/10) hal, perph, thior Y 10 days)
14 SCZ (27.8) L . . .
%‘;ess [6;7‘31" (3/11); 21 HC (33) DSM-III-R Ear“sg)'free (median: 25.5 8  (sub)-chronic I\i”‘id gl??s' hal, ‘EszL'Szllii 6R
(8/13); 10 mania y perph, thio J
Maes et al., 14 SCZ (37) (10/4); Mean = L 1 sIL-2R
1994 [18] 26 HC (38) (13/13) DSM-IIIR  8-day washout 73 days Hospitalized CLZ 354mg o IL-6, SIL-6R
. . OLZ n =202, QTP 180
Meyer et al., 789 SCZ (41.2) On antipsychotics; . ‘ 1 CRP
2009 [48] (74.5% of m) DSM-IV- uvants allowed 3 months Chronic RIS 178, ZIPRA 86, (1 7 & QTP only)
PERPH 143
Monteleone 17 SCZ, (25.4) 3-week wash-out; 1 . CLZ,n=13,312mg |TNF-a
etal, 1997 [49] (7/10); 17HC ~ CIP! drug-naive patient 10 Chronic (2 tis 6 mg, 2 hal 6 mg) <> IL-6
Chronic; acute RIS +
Muller et al., exacerbation; 1¥  Celecoxib (n = 11) > sIL-2R,
2004 [50] 25 8CZ (256) NA NA 3 hospitalization, nor RIS + Placebo TNF-R1
=16 (n=14)
398CZ ) . . ) . )
Muller et al., . Drug-free (4 weeks); First-episode; Mixed AP (FGAs | s-IL-6R;
1997 [51] 31) 22/17); DSM-IIR 16 drug-naive 16 inpatients & SGAs) 1 sIL-2R
42 HC (29) (24/18)
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Continued
Pac et al., 355CZ 2-month wash-out; First-cpisode, 11y cd SGAs: olz-19, 21L-12,1L-10,
2006 [20] a1neing  PSMIV s ienaive 8 chronic, ris-14, qtp-2 TNF-a;
: g inpatients - atp L TL-6, TL-13
Pollmacher 25 SCZ (29.3) i:ﬁitrfsn t(S)’nse 1 _sIL-2R, TNF-a,
(14/11); 23 SCZ, IDSM-IT-R 11 drug-free (6 months) 6 P cLz STNF-R1/2;

etal., 1996 [19] or intolerable

SA, 1 SF side effects

«— IL-1RA, IL-6

18 SCZ; 10 clz 6 drug-free (>4 wks);

Pollmacher CLZ 343 mg, n = 10;7 sIL-2R (clz)

(31.8) (7/3); HC ~ DSM-III-R HAL group = drug- free 6 Non-response _
et al., 1995 [52] (35.1) (6/2) (1 year) HAL 5.5 mg,n=38 <> sIL-2R (hal)
40 SCZ (34.9) . .
. Mixed AP: 7-risp
Sarandol et al., (18/22); 36 compl.; . 9 drug naive, 31 drug free I ) ) o )
2007 [53] 35 HC (33.5) DSM-1V (3 weeks) 6 First-episode 5 olzz 5 Clﬁzi3 qtp, e I'NF-o, CRP
(17/18) 2-ami, 11-hal, 7 im risp

32 SCZ (40.2) Mixed FGAs: hal, 20;

Sirota et al., : 6 drug-naive, 26 drug-free perph, 10; > sIL-2R;
2005 [54) gg/ g;’ (ﬁ /16{)(: DSM-IV- 5 months) 8 levo, 2; biperiden; 1 II-IRA
’ bzd
83 SCZ (27.3)
ong et al., ) . . . RIS 2 - 4 mg; JIL-18
S (43/40); 65 HC DSM-1V Drug-naive 4 First-episode .
2009 [55] (28.4) (35/30) adjuvants allowed < TNF-«a
78 SCZ (43.7) _
5518191% Seé ]ﬂl-, (27% 1); 30 HC DSM-TIR  Drug-free for 2 weeks 12 Chronic EII:Lnn :4; 762%1%;1 o <l—>IIfi2- 6
(40.4) (23% )

AP = antipsychotic; ARI = aripiprazole; BMI = body mass index; BPRS = Brief Psychiatric Rating Scale; bzd = benzodiazepines; CLZ = clozapine; compl. =
completers; CRP = C-reactive protein; Dx = diagnosis; f = female; FGAs = first-generation antipsychotics; flup = flupenthixol; fluph = fluphenazine; HAL =
haloperidol; HC= healthy controls; IFN = interferon; IL = interleukin; im = intramuscular; levo = levomepromazine; LIF-R = leukemia inhibitory factor recep-
tor; m = male; NA = data non-available; nemo = nemonapride; non-respond. = non-responders; OLZ = olanzapine; per = perazine; perph = perphenazine; RCT
= randomized-controlled trial; resp. = responders; SA = schizo-affective disorder; SCZ = schizophrenia-spectrum patients; SF = schizophreniform disorder;
SGAs = second-generation antipsychotics; SUD = substance use disorders; QTP = quetiapine; RIS= risperidone; TfR = transferring receptor; TGF = transform-
ing growth factor; thior = thioridazine; TNF = tumor necrosis factor; ZIPRA = ziprasidone.

Table 2. Compilation of results, irrespective of drug status.

Type of change during treatment

CRP/Cytokine/Cytokine receptor

| —

CRP 0 11

IFN-y 3
IL-1p5

IL-1RA

—_

IL-2
SIL-2R
IL-4
IL-6
SIL-6R
IL-8
IL-10
IL-12
IL-13
IL-18
LIF-R
TNF-a
TNF-R1
TNF-R2
TGF-

AW A =) O O N O O O N W O DO O A

w o O A OO = = O O N U O O O O
S N NO N O W N =N

(3]
(=]

CRP = C-reactive protein; IFN = interferon; IL = interleukin; LIF-R = leukemia inhibitory factor receptor; TNF =
tumor necrosis factor; TGF = transforming growth factor.
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Table 3. The effects of specific antipsychotics on peripheral C-reactive protein, cytokines and cytokine receptor.

Mixed AP: FGAs &

Cytokines Clozapine Olanzapine Quetiapine Risperidone Mixed SGAs Haloperidol Mixed FGAs SGAs
o [21,27,28,
CRP 1 [42] 29,33] 1 [48] © [29,48] - 1129] - «[25,53]
1 [48]
IL-18 - - - i [5359]] - < [40] - -
“ [19] <« - > - <>

IL-1RA + [46] - [9] [45] 1 [54] [26]

L2 1 [43] 1 135 ; lgfg? o [36] | [40.56] ; ;

IL-4 - 1371 1[37] 137 - [36] - - -

—[18,19,43,
1 [43] 1[20,36]
IL-6 49] «[8,3035]  «[9] > [40,56] 1 [31,47] < [26]
 [8.46] —[39,56] <« [32,41,45]

IL-8 - - - - —[44] - - -
IL-10 - - - - < [20,44] - - -
IL-12 - «[13] - 1[13,39] - [20] «[13] - 1[38]
IL-13 - - - - 1 [20] - - -
IL-18 o [43] - - > [43] - - B B
IFN-y - L 37] NI [[3379]] - [36] ; ; ]

1[49] 1 [21]
TNF-a & [43] & [35] ) ’ [?535]] I [2%32]]] ; ; - [53]
118,19,34] 18] ’

TGF-f - 1 137] 1371 1371 © [36,41] - - -
TNF-R1 118,19,34] - [8] - < [50] - - - -
TNF-R2 1[8,19,34] 18] - - - B B B
SIL-2R T [8’1582’]19=34’ 118] 119] ~[50] - o[52] o [47,54] T[[5216]]
SIL-6R o [18] - - - o [45] - 1 [47] 1 [51]

LIF-R - - - B 1 [44] B } B

CRP = C-reactive protein; FGAs = first-generation antipsychotics; IFN = interferon; IL = interleukin; TFN = tumor necrosis factor; LIF = leukemia inhibitory

factor; SGAs = second-generation antipsychotics.

4.1. 1L-2/sIL-2R

A recent meta-analysis revealed that peripheral sIL-2R
levels were consistently increased in schizophrenia sub-
jects [12]. In the current review, two studies document
increased IL-2 in schizophrenia patients compared to
healthy controls [35,40], and one reports lower levels
[36]. On the other hand, sIL-2R was found to be higher
in schizophrenia patients, relative to controls, in 4 studies
[9,18,26,35]. In Maes et al.’s study [18], this finding was
restricted to younger schizophrenia patients, suggesting
that age may be a confounding factor in some cases.
Only Miiller et al. [51] found sIL-2R to be lower in
schizophrenia patients. Treatment, however, had consis-
tent effects decreasing IL-2 and increasing sIL-2R in
most cases. IL-2 and its soluble receptor seem related to

Copyright © 2012 SciRes.

clinical symptoms. Hence, Akiyama et al. [26] found a
correlation between positive (week 4) and negative
(week 1 and 4) symptoms and sIL-2R, while Kim et al.
[40] found a relationship between IL-2 levels and posi-
tive symptoms at baseline and endpoint. Decreases in
positive symptoms are associated with increases in sIL-
2R with treatment [9]. Zhang et al. [56], however, found
an inverse relationship between IL-2 and baseline
PANSS positive symptoms in a group of patients with
chronic schizophrenia. Age may be another factor to
consider, as sIL-2R levels are inversely correlated with
age of onset [26], suggesting a greater reactivity of the
immune system in younger patients. Although the data
on IL-2 and its soluble receptor are not yet conclusive,
these findings suggest that schizophrenia is accompanied
by an inflammatory state that is at least in part corrected
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by antipsychotic medication. On the opposite side, some
studies have found an association between serum sIL-2R
levels and tardive dyskinesia in neuroleptic medicated
patients, pointing to potential detrimental effects of sIL-
2R [57]. This is supported by recent animal studies
showing that peripheral injections of sIL-2R induce be-
havioral disturbances, while inducing increased neuronal
activity localized to cortex and striatum where injected
sIL-2R is accumulated [58]. Further clinical and mecha-
nistic studies are required to clarify whether antipsy-
chotic-induced sIL-2R increases play positive or nega-
tive roles in psychopathology and/or drug-associated side
effects.

4.2. TNF-a/sTNF-R

Similarly, the soluble receptors of TNF-a attenuate its
pro-inflammatory activity [59]. Decreased TNF-a levels
are seen after treatment with mixed antipsychotics [36]
and risperidone [43], while contradictory effects have
been reported in the case of olanzapine [8,21]. Notewor-
thy, Baptista et al. [21] noted that the decrease in TNF-a
was more prominent in men. As for clozapine, despite
some contradictory evidence, most studies described that
this antipsychotic elevated TNF-a levels in schizophrenia
[8,19,49]. In addition, an increase in the soluble receptor
of TNF-a was seen with clozapine [8,34], and olanzapine
[8]. For the moment, the exact significance of these ef-
fects of clozapine and olanzapine remains incompletely
understood. On the one hand, the effects of clozapine on
TNF-o may underlie its propensity to produce weight
gain, since TNF-a is a pro-inflammatory cytokine con-
sidered to be an important inhibitor of insulin action [60],
and a potent regulator of lipid metabolism [61]. In sup-
port of this explanation, Baptista er al. [21] described a
relationship between changes in TNF-a levels and insulin
resistance index, and Kluge ef al. [8] observed a correla-
tion between baseline body mass index and TNF-a levels
in schizophrenia. On the other hand, the increases in
sTNF-R1 levels produced by clozapine and olanzapine
may underlie the well-known efficacy of these antipsy-
chotic agents, since sTNF-R1 has been associated with
hippocampal neurogenesis [62], and since the hippocam-
pus is a brain structure critically involved in the patho-
physiology of schizophrenia [63]. Certainly, future stud-
ies ought to investigate whether sSTNF-R1 increases are
restricted to treatment with these two agents.

4.3. IFN-y

IFN-y is a pro-inflammatory cytokine and a decrease in
its levels would contribute to an attenuation of inflam-
mation [64]. Various groups measured IFN-y, noting such
a decrease in some [8,37] but not all cases [39] after
treatment with several different antipsychotic agents.
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This decrease is thus consistent with an anti-inflamma-
tory effect of antipsychotic agents.

4.4.1L-4 and TGF-p

IL-4 and TGF-f are both considered to be anti-inflam-
matory cytokines [65,66]. While the increase of IL-4
seen by Kim et al. (2004) [37] would be in line with a
general anti-inflammatory effect of antipsychotic treat-
ment, the reduction of TGF-f, noted by the same team,
would counteract this effect. However, TGF-f, in the
context of either IL-4 or IL-6, may drive the differentia-
tion of T-cells in a pro-inflammatory direction [67]. Thus,
the decrease of TGF-£ in the context of increased 1L-4
may indeed be anti-inflammatory.

4.5.1L-6

A pro-inflammatory cytokine, IL-6 is usually unchanged
[18,49] and sometimes increased [46] during treatment
with clozapine, while it is unchanged [26,32,35,56] or
decreased during treatment with any other antipsychotic
[20,31,37,43] (for more information, refer to Table 3).
Not all studies had healthy controls, or used the same
measures of illness severity. However, in some cases, in
accordance with previous reports [12], baseline IL-6 le-
vels seem to be increased compared to healthy controls
[9,20,26,31,36,41]. Maes et al. [18] found an increase of
IL-6 levels compared to controls at baseline but only in
younger schizophrenia patients. In contrast, Miiller ef al.
[51] found no difference between schizophrenia patients
and healthy controls in IL-6 levels at baseline. Clinical
characteristics seem to be correlated to IL-6 levels in
some cases. Thus, Monteleone et al. [49] found a corre-
lation between IL-6 levels and illness duration, and Pae
et al. [20] found that baseline IL-6 levels were correlated
to the general and total PANSS score, while changes in
IL-6 correlated with changes in the general and total
PANSS score. Although changes in IL-6 during antipsy-
chotic treatment are generally inconsistent, there may be
a possibility that clozapine, an effective agent with sig-
nificant side effects, is associated with a pro-inflamma-
tory effect, at least with regards to IL-6. More precisely,
changes in peripheral IL-6, a major endogenous pyrogen,
have been associated with clozapine-induced fever [8].

4.6. CRP

CRP is the best characterized systemic and nonspecific
biomarker of inflammation. CRP changes in response to
antipsychotic treatment vary. In a drug-naive sample,
CRP increased with haloperidol but not risperidone or
olanzapine at 3 months, however, these differences were
not maintained at 12 months [29]. There was a trend to-
wards a decrease in CRP after treatment with aripipra-
zole as an add-on treatment to olanzapine [33]. With
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clozapine, CRP increased as of week one of treatment
[42]. Three other studies revealed a lack of effect of
olanzapine on CRP levels in schizophrenia [21,27,28],
but 2 of the studies had adjuvants (aripiprazole, metfor-
min) that were added to olanzapine in a randomized,
double-blind, placebo-controlled fashion. In contrast, in
the CATIE study [48], which included the largest sample
of patients in which CRP was studied, and measured the
effects of olanzapine, perphenazine, quetiapine, risperi-
done and ziprasidone, CRP increased with olanzapine
and quetiapine, which both produce significant weight
gain [68]. Interestingly, the increases in CRP levels cor-
related with indices of metabolic syndrome. However,
the CATIE trial was complicated by the fact that many
subjects were previously treated with olanzapine and
risperidone. As yet, the reasons for the discrepancy in
results between the CATIE study and other trials in-
cluded in the current review are not fully elucidated and
may be related to differences in inclusion criteria. Never-
theless, the CATIE results suggest that CRP elevations
may be involved in antipsychotic-induced weight gain or
metabolic disorders in schizophrenia, either as a cause or
consequence. In non-psychiatric patients, an emerging
literature has linked high CRP levels to increased car-
diovascular risk in metabolic syndrome patients [69].

4.7. 1L-1/IL-1RA

Produced by several inflammatory cells including mono-
cytes/macrophages and neutrophils, and by adipose tis-
sues, IL-1RA is an anti-inflammatory cytokine that in-
hibits the biological activity of IL-1-a and IL-15 at the
IL-1 receptor. In schizophrenia, there is reliable evidence
from cross-sectional studies showing that peripheral IL-
1RA levels are increased, relative to controls, and that
such IL-1RA elevations are present in both schizophrenia
patients on- and off-antipsychotic treatment [9,12,26].
Interestingly, the current review showed that IL-1RA le-
vels do not seem to be influenced by most antipsychotics
(Tables 2-3). Altogether, the results of cross-sectional
and follow-up studies suggest that IL-1RA alterations
may be independent of antipsychotic medication in
schizophrenia. Physiologically, the elevated levels of
peripheral IL-1RA observed in schizophrenia may reflect
an attempt to restore homeostasis balance in response to
an inflammatory syndrome, illustrated by elevations of
sIL-2R and IL-6. Unfortunately, the clinical significance
of IL-1RA alterations in schizophrenia remains undeter-
mined. IL-1RA and negative symptoms have been shown
to decline in parallel fashion [54]. Moreover, a signify-
cant positive correlation was found, at baseline, between
peripheral IL-1RA levels and body mass index in schi-
zophrenia [9], a result consistent with the fact that adi-
pocytes are a major source of IL-1RA production [70].
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4.8. Study Limitations and Future Directions

Despite the complex nature of the topic addressed here,
the current review revealed a relatively consistent set of
patterns regarding the influence of antipsychotics on
some cytokines and their receptors that may help define
priorities for future research in the field. The fact that
antipsychotics seem to possess some anti-inflammatory
properties, as illustrated by decreases in IL-2 and IFN-y
as well as increases in sIL-2R, IL-4 and sTNF-R, should
encourage the pursuit of further studies examining the
potential therapeutic effects of anti-inflammatory drugs
in schizophrenia. For instance, preliminary small-scaled
randomized controlled trials have shown that celecoxib,
a non-steroidal anti-inflammatory drug and selective
cyclo-oxygenase-2 inhibitor, may provide partial relief of
symptoms in schizophrenia [71]. In contrast, there is a
lack of literature regarding the effects of antipsychotics
on a large set of cytokines and cytokine receptors, in-
cluding IL-1p, sIL-6R, IL-8, IL-10, IL-12, IL-13, IL-18
and LIF-R, to name only a few examples. Yet, some of
these immune markers have been shown to be altered in
schizophrenia, including IL-8 and IL-12 [39,72]. Re-
garding the potential distinctive profile of typical versus
atypical antipsychotics, data are also critically missing.
As reviewed here, the small number of in vivo studies
which measured the effects of typical antipsychotics on
peripheral cytokines suggests that, much like atypicals,
typical antipsychotics elevate sIL2-R and decrease 1L-2
levels in schizophrenia [51,56]. Conversely, their poten-
tial effects on in vivo TNF-a, IL-6 and IFN-y levels are
relatively unknown. For the moment, the available lite-
rature does not suggest that the changes in peripheral
IL-2 and sIL-2R levels produced by antipsychotics in
schizophrenia are hallmarks of atypicality.

The molecular mechanisms whereby antipsychotics re-
gulate inflammatory mediator levels are unknown. One
potential mechanism includes neurotransmitter receptors
that are the targets of antipsychotics on neurons, and that
are also expressed in several immune cells where they
contribute to regulate the physiology of immune cells as
well as the bi-direct communication between the brain
and the immune system [73,74]. That antipsychotics con-
sistently increase soluble cytokine receptors, namely sIL-
2R, sTNF-RI and sTNF-RII is particularly intriguing.
Although multiple mechanisms have been reported [75],
these soluble receptors are all generated mainly by pro-
teolytic cleavage and shedding of the corresponding
cell-surface cytokine receptors. Various enzymes are in-
volved including the TNF-a converting enzyme (TACE)
for generation of sSTNF-RI and sTNF-RII, neutrophil
elastase (NE) for sTNF-RI, sTNF-RII and sIL-2R, and
proteinase 3 (PR3) for sIL-2R. Whether antipsychotics
regulate soluble cytokine receptors by regulating the ac-
tivity of these enzymes, or via other mechanisms remains
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to be elucidated. Changes in cytokines in these studies
were sometimes affected by age, as in Maes et al.’s 1994
study [18]. Another factor was sex. For example, TNF-a
decreased more in men and CRP declined only in men
[21]. Weight, as in Kluge et al.’s 2009 study [8], could
also affect cytokine concentrations. Duration of illness
was sometimes correlated with baseline IL-6 values [31,
49]. In the three studies where the authors clearly indi-
cated that patients were on stable medication, antipsy-
chotic treatment had no effect on the sole inflammatory
marker measured, CRP [25,28,33]. Clearly, this should
not be over interpreted; yet it seems likely that findings
may be altered by the duration of treatment in various
ways. It is highly likely that the variability of findings
regarding cytokines and antipsychotic treatment derives,

V. Tourjman et al. / Advances in Bioscience and Biotechnology 3 (2012) 551-565

at least in part from the difficulty in conducting studies
which control all of these confounding factors.

4.9. Towards a Unifying Model

From the data presented here emerges the understanding
that there may be a complex interplay between the char-
acteristics of the immune response such as its variation
with age or sex, the direct and indirect effect of illness,
and the effect of treatment, as depicted in Figure 1. The
stress resulting from the illness and its complications
must undoubtedly influence both the illness and the in-
flammatory process. Globally, IL-6 may represent the
system’s response to the stress of an acute psychotic
episode [76]. The nuclear factor-kappaB (NF-KB) may

Antipsychotic medication

Schizophrenia |
I
Acute psychotic
episode

v

Visceral fat

Acute stress '

A

cortisol

r

Dopamine/

| Norepinephrine

IL-6 / TNF-a I
L/

r =>( TNF-q

STNF-R )]

Figure 1. Simplified interaction of the acute and chronic stress of schizophrenia, the
immune system, and antipsychotic treatment. Red arrows indicate a promoting and
blue an inhibitory influence. Acute stress induces an initial increase of dopamine and
norepinephrine leading to increased expression of cytokines (IFN-y, IL-2, IL-6,
TNF-o and others which are not shown here) through mechanisms involving active-
tion of the transcript factor NF-KB pathway. Acute stress also leads to a delayed in-
crease of cortisol which functions to break the inflammatory reaction. Chronic stress
is associated with a reduced cortisol levels and thus a reduced ability to break the in-
flammatory reaction. Schizophrenia, chronic stress, and many antipsychotic medica-
tions are associated with increased visceral fat which is associated with increases in
some pro-inflammatory cytokines. Antipsychotic medications are associated with de-
creases of pro-inflammatory cytokines such as IFN-y and 1L-2, as well as increases in
soluble receptors of IL-2 and TNF-a, which act to attenuate their inflammatory acti-

vity [77,82,83].
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play a pivotal role in the transmission of the stress signal
into up-regulation of several inflammatory cytokine genes
[77]. This response may thus be modulated by psychoso-
cial and biological factors which modulate the stress re-
sponse. This may explain the variability of results in
studies examining IL-6 levels in particular and inflam-
matory markers in general. Zhang et al. [78] found in-
creases in cortisol, IL-6 and IL-2 in chronic schizo-
phrenia, relative to controls. These elevations of cortisol
and IL-2 declined after treatment with either risperidone
or haloperidol, suggesting an involvement of both the
hypothalamo-pituitary-adrenal (HPA) axis and the in-
flammatory system in schizophrenia. The psychological
experience of illness and thus the resultant stress may be
changed both by a decrease of symptoms and familiarity
with the illness leading to a modification of both the HPA
axis and the inflammatory system over time. In addition,
the response of the system to stress may be altered
through adaptation by repeated exposures to stress [79]
and thus produce a different effect on the inflammatory
response to psychosis. With some treatments, such as
clozapine, which is more often associated with increased
IL-6 levels, this evolution over time may be complicated
by a tendency to contribute to the development of a me-
tabolic syndrome which may have a direct effect on the
inflammatory system and its response to stress [80,81].

Although direct effects of interleukins on cerebral neu-
rotransmission have been described, these have not been
sufficiently clarified to hypothesize on their contribution
to the interaction of the inflammatory reaction in schizo-
phrenia [84]. Administration of central IL-1/5, and TNF-a
produces a reduction in rat hypothalamic dopamine. The
administration of IL-2 was associated with increased
HVA, a metabolite of dopamine, in the hypothalamus and
hippocampus, indicating increased dopaminergic activity.
IL-2 was associated with increased HVA in the hippo-
campus, and IL-6 with increased HVA in the hypothala-
mus [85]. Given the reported relationships between
changes in IL-2/sIL-2R levels and positive symptoms of
schizophrenia during treatment with antipsychotics, as
well as the association between changes in IL-2 levels
and changes in peripheral HVA described by Kim et al.
[40], the biological interactions between dopamine and
IL-2/sIL-2R will need to be studied more carefully in the
future.

5. CONCLUSION

Interpretation of the data regarding the relationship be-
tween cytokines and antipsychotic treatment remains
speculative given the paucity of data and the wide diver-
gence of clinical contexts and study variables. Neverthe-
less, certain patterns emerge from the data which suggest
a common trend. This review highlights the potential
anti-inflammatory effects associated with antipsychotic
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treatment but also demonstrates a substantial heterogene-
ity in the results of the studies investigating this issue.
All available data suggest that schizophrenia is associ-
ated with inflammation, further supporting previous ob-
servations. It is already clear that the relationship is not
simple and may be mediated by a complex interplay be-
tween multiple factors which are in constant flux as the
illness evolves. The numerous attempts to clarify this
interplay result in contradictory data as a consequence of
the difficulty of controlling dimensions such as age, sex,
weight, phase of illness, duration of illness, severity of
illness, treatment status, medical comorbidities, substance
abuse as well as psychological stress which may all af-
fect the inflammatory reaction. This review also suggests
that it is overly simplistic to attribute the therapeutic ef-
fects of antipsychotic medication to the anti-inflamma-
tory effect. In fact, those antipsychotic medications
which are the most consistently accompanied with pro-
inflammatory effects (on TNF-a, IL-6 and CRP), cloza-
pine and olanzapine, are also those which are widely re-
cognised to have the greatest therapeutic effect. Further
investigations will need to carefully measure not only
biological parameters, such as CRP, the interleukins,
TNF-a, and cortisol, but also psychological parameters
such as the individual’s reaction to stress in general and
his illness in particular as well as the stress to which the
individual is subjected, which may modulate an indivi-
dual’s inflammatory reaction. In the future, a better un-
derstanding of the immunomodulatory effects of antip-
sychotics and their molecular mechanisms of action on
neuro-immune and inflammatory mediators will help to
identify novel therapeutic strategies as well as novel
biomarkers of treatment response and of drug-induced
side effects in schizophrenia.
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